
PCT/EP2010/060011 20.09.2011 
Copy for (DO-US) 36 

PATENT COOPERATION TREATY 
PCT/EP2010/060011 

ADVANCE E-MAIL 

PCT 
NOTIFICATION OF THE RECORDING 

OF A CHANGE 

(PCT Rule 92bis.l and 
Administrative Instructions, Section 422) 

Date of mailing (day/month/year) 

20 September 2011 (20.09.2011) 

Applicant's or agent's file reference 
53689-WO-PCT 

International application No. 
PCT /EP2010/060011 

1. 1l1e following indications appeared on record concerning: 

D the applicant D the inventor 

Name and Address 

From the INTERNATIONAL BUREAU 

To: 

NOVARTIS PHARMACEUTICALS CORPORATION 
Patent Department 
One Health Plaza 
Building 101 
East Hanover, NJ 07936 
ETATS-UNIS D'AMERIQUE 

IMPORTANT NOTIFICATION 

International filing date (day/month/year) 
13 July 2010 (13.07.2010) 

D the agent D the common representative 

State of Nationality State of Residence 

Telephone No. 

Facsimile No. 

E-mail address 

2. The International Rureau herehy notifies the applicant that the following change has been recorded concerning: 

D the person D the name D the address D the nationality D the residence 

Name and Address 

NOVARTIS PHARMACEUTICALS CORPORATION 
Patent Department 
One Health Plaza 
Building 101 
East Hanover, NJ 07936 
United States of America 

3. Further observations, if necessary: 

State of Nationality State of Residence 

Telephone No. 

+1 862 778 1601 

Facsimile No. 

+41 61 322 75 32 

E-mail address 

pip_inbox.phchbs@novartis.com 
IX! Notifications by e-mail authorized 

All future correspondence should be sent to the address for correspondence indicated in Box 2. Advance copies of future 
notifications will also be sent in electronic form via e-mail to the e-mail address indicated above. 

4. A copy of this notification has been sent to: 

IXI 
□ 
□ 

the receiving Office 
the International Searching Authority 
the Authority(ies) specified for supplementary search 

The International Bureau of WIPO 
34, chernin des Colombettes 
1211 Geneva 20, Swit1..erland 

Facsimile No. +41 22 338 82 70 

O the International Preliminary Examining Authority 
!Kl the designated Offices concerned 
O the elected Offices concerned 
O other: 

Authorized officer 

Nissen Diana 
e-mail diana.nissen@wipo.int 
Telephone No. +4122 338 8054 
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"fhis ts,;;.~ F~Rtrr s.ubr-nission of !i~3'tns cont)t~rninq ;~ fiHnq und~~r ~15 U.S.(~, 371 
·rh!s ~s a SECt)NO o:r SUBSEQl.JfJ\q sut,rn~$sTon of it"erns ct:)ncerning ~ nnng under 35 U.S.t~. 3?'1. 
lh!s exprass requ&st to b&[Jin naHonat €3X~tr~itH3tic~n proced1.ff~t (35 U.S.C ~f?·! (·f)) at any Urne rather thE:n cl~i~y 
ex.an~:nauon wniH the exp:.rat!on of iha appHc.a,bie tlrr1~ Hrn!t t;~t !r: ~~S U.S.(;. 371{b} and Pt::T ,l\rtjcies 22 and 39{1 ). 
l:t\ proper D~~roand for i Mi-e.rr1.ationa~ Pr>~Hrninary EXaf!1(:-~aU-c1n ~~·as rni~d!~ by the 1 ~}th rr:,H~th frorn the ea di.est c!afrr:ed pnority 
tMe. 
A copy of ths· lntemaik;na! .t-\pp!k~-~t~on ~,s. f!!ed {35 LJ.S.C :171 (c){;t)) 
a. C] is transrnntet'i here¼vith {r0tf .. 1fred (H1Jy lf n<~t tr~nsn1i{t~d by 1he !nternahonat Bureau), 
b. ~~~ has been trar-tsrr~itted by the ~:rrerrialiona! Btn·.eau, .(See Fonn PC'Tl!B/"308) 
c. 17 is not r~~quired: a~~ the appticat:cn vvas ·Wed in tne U1iite<l States R~~ce!vin~~ Offk~e (R<)llJS). 
A trarisiation ofth~ lnt~~rnc~H{)<H~! .-\pp!ication ~i1to Eng!:sh {35 U.S.C. 374(c).(2)}. 
Arn.enctrr:snts to the (J~hTI-~~ cf tht~ i:1t~;i-r1~3tlon.a! !,pt~!jcation unde-:- r .. ~c-r ~~rtlc!e -j S {35 U.S,C,37·l(c){3}). 
<~- [:] an:, transrrntted here:~·-l~th· {requirb"<l or:1y if not iransrrr:t{(3d hy the ~:it~rtHt{hx~s3~ BtH"@<3U} 

b [] have Men !ransn-~ftt-ed bv the internatkH1;d Bu~3.~U, 
c_ L~~l have noi been tnade; ho~·vever} the time !irn!t for rnaklng si.Jch ~:rnendni(~nts h~.s NC)T ~~.:<pire·d. 
t1 ~ hBv~* no! bi~en :-nade and ~v:H not b~ rnade . 
. A transtat!on of th~~ (3rr:{~r~drr:Br:!3 fo the fi~3~rns ur~der PCT l-\rt::cie 'l9 {35 U.S .. C:, 371 (c)(3}). 
i~-..n executed Dec!aratio:: and Povvt~r of .,i\ttorney (<Hig:na-: Of co~:;:l} {-3t.~ U.S~C-. 37'l{c}(:4))" 
l\ transtatiQn of ths annexe.~ ·to the !ntf~t·nat!ona! f·1rellrninary E..xan·l!nath1n Report lH1der PCT Art:cle 36 r3s U.S. c .. 
37·t{c~H5}), 

.A F!HST ore·!irn~narv an:er:dn·:Hr{t 
A SECOND or sus'SEQUENT pm!im1n&ry mnendmt~nt 
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PCT/EP2.D ·10/0600 ·1 i 
; .. ,,1·:·c~~.:-."i~>·'t~ :~·>:~-~.~-~-""( -::~:"" . ..:~=-~,"1~"";~~, ~-~~~~~~~-._._........ : 

I Pi\ TOS3689--US,PCT i 

!:i. 181 Please chai-~'£: Deposit At<COtlflt No. tS.OM4 in the name of Nova.rtis ii"lJhe amount of$ ·rnso. to covert~ above fees. A 
duplicate oopy of this fom, is ericlos.ed. 

c. !8l The ComrnL-ssioner Is herebya.!.ithorized to criarge any-add!tio~H'eeswhic:h may be required. or cretjitany O\ierpayment to 
Dep-oshAccouoi No. tS..Ot34 in the hai11e ofN<i11ar!is, · 

NOTE: Whisro M appropda.~ 'ffm~ 1irnlf !.i"ntl~t 31 CFR 1 Ai4 .or 1 A~i has n\">t oeiH'I met, a. pet!tkm to revive pi ¢FR 1, 1St{a) 
ot {b)) m,~sct be m$d imd g~nted to m~fote tt'le appUcat.fo-n w ~encilrig stat!Jt•. 

Ser.d aH mrrespc-ndenci~ to the -t~<frlress assodattW with 
Customer ~-.Jo. 00·1oss1 i-vhi(ft js ~~~irrent!y: 

Novartis Pham,a.ceut!cals Corp<>rntiori 
One Health Plaza, Bldg. 101 . . . 
East Hmw11er, NJ 07936 

Af-.'?cnt fur Ar,pilcant 
Reg. No. 5i,813 
+1 E-6-2 7785816 
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~:H~<i JOint in,f .. ~'Sntor (if rr:~,::~i Zh;;in otBf nan~~~ l~ ttte·d bek,'1'.\r} <.l th() tttbJ'?~~ct n)attt~:· ·:NhftJ': ~s c~e~frr~fsd ~a~d fer 
~~•hich 2~~ llni~~d .St~ffis pat:::~n~ jt S<HJ~$f~l z1n th$~ ~nvsntj(H:! gntt~s;::j 
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~ hereby ~~~~~kn th~~ t~~r~~Et iJn<i~~f 35 U.S.(:_ ·; '"l 8(a)-·{d) or U) rH· 386{b} (;.f ~ny ft)r:::~~gn ~·PP~ic~~t~on(.~} for 
p~:;:tent h~~v1:::-n.f~)t\~ .~~i:rt~n~·~u§e or pt~nt bnt:-.::~d~~rJ; rit~t1t t~~~~::~\fk::.~t~~ ii~ff:d l~3!0\'':.l t~r~-d ~Jnder Jb t} $.(~" 3.B5{~) 
of (:)fif P~~tt~nt (~otspt~t~~ti>n l .. rz~t~~ty ~nt(3rn;at}:::.n~~l ~pptt~~t;t.,n(s) d~:~/gni~tk19 ~t J~3tSHt ont~· c::ountry· oth~r 
th~:H1 thf~. iJts~t~:d Sti:_:J~r.; 1-isIDd bt\f.l'~~- and havf:· a?~~o l\~;.t~:::~i bt~~o~v ~~ny f()r'{~~~~~: i~ppHcijti(3n(.~) for p~i~H1\ 
irr~~~~nto(~; {;~~r!tfk~~~t~~ or ph~r:t bn~t~del:s .rk;~ht (:erUfk:atB ~nC Ps!{~~t t:zx:3p.f-t~~t:k}n ·rreaty i"r&~~rn~~tionai 
gppfo::t~t~r:n(s) ti~~~~~~n~~t~n~~ ~~t ~ag~~;· vt::~ t~i'.H.ff~try t)t~-~~r th~n the 1Jr/t~d Sti~t£fS tt:::r thE s~~;11~ subJ~~t tn~tt~3r 
and tu:t~/nr ~ fHin{; dah~ be:fon~ th~t (i UH~ .;~ppHcati-Gn the pdndt~;: ot ~-:;hk.;h h~ c~~~ifnt:~ fo~ !~1~~t ~.~;t~J~:::ct 
nt::i!ti~r: 

t h~3~{3by ~::!.a}rr~ the benti~t ;J:1d~1: ~1b ~J,$.-C:, ~} ·19(e'} of ~n:t lJn1t~d S~;~~t~~~ prO;'-li~~J~)n~~j' ~:?ppEr~~~hor:(s) H~~ifHi 
bf~t~1~\:: 

~ heteby ,rj~~~t~~ t~l~~ btnefft crHi~~r 3;i U.¢.1.(> ·120 of .:~-:~y thj~~'i· St~:ts·:":-~ &npUc;:~tir~n{s} i~~;:t~;d ht:!O\-\f a~(J 
t:nd~:r· 3-5 t1S.C. ~3Gfi{C) :.)f (~in~i P.~t~t,t r:~)qp{~n1Ht)t: ")""fi=~~{y int~~rn~t}:;:1n~~~ ~~ppHc;::~ikH){s} d-i:,::»~f~t:-:~§:"i(!fj thf:~ 
iJn+t~t.~ Sh"~:t:~~~ Hst~d b~~k>\{i: 
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~ ht~n~bV ~~pp-::in~ a~i i>f t~·a:: ~~p~st~rad ~x t:~c~:1'~~-D~:~~~1 H~~-~;~)c!~:Jt~.:~d \Si~th c:ustornfar No , respfK::UV~?fy ~Jn<~ 
indi\.-t_juaHy. ~=-~s :1:y ~ttorn-sv~ a:HD H~cnt~: ~'1litt1 f:J~i ~xJ;~-'-t~r of subsg1utlon and H~~ft):::-.:atlon~ t~) prns{::-~;u~~~ 
tr:.[tI .~ppl~ct-tk~n and to tr~ns$~-:;t E~!l .but;ln:2:1s~: ~n t::t~ P~~te:1t and Tt~~derri~r~~ {)ffics t>:)nn~~GtfJ(3 therf:-~v~th. 

n U-:j~:- t~~1$1: tC:1} conh:~~tis ~~n l ~~L : heret,y e.;uthC·f~:.:·x,; ~he r~~-;Jit~t.~~t~~~:~ pra(~titk?r:.~~n) ~?:~~suc.\at-$d \t:.!Hh 
f~t~E;tGrn~:~r NG. Hnd ar~y ()th?.':ff~; ~~c:fng tn1 rny b~3h({!f to t~k:.~ ~~ny i~C~kJt~ tr~iai~niJ it} thb?,_ ~~ppHc~~t~zn: b~~~~~d 
an cornrn~~rhctttiont fn)i~\ Cr:rr~~~r~t~ }ntz3~h~ctu~~J }'--\~>p~it~: of Nnv~~rHs ~n:!~~r~~at~f:~na! /S...f3, Ba.;~JB, 
s~;~/~t~~~rh:~n<( nr ~n -:~Jt1fos~r~ ther~o/ Gr ~ t;uzx;Hst;o: ~hi;n~to, ~v3tti~)ut .dfr~tcz fX)rr~rrn.ff1h:;...~tk'ln f:\}~~·1 rne, 

f)k~~s-£~ ~~X:?t-Xi i~H (~~n·t~~:f>(3nd<;;nc~~ r§:~·{i~ting t~) this ~~~p~k~i~tlon to !he ~x,Jdr~~.~s a-~~~(~,G~~~tt;~? ~v~th CuB:t)O'":{~r 

fJtl. 

~~:::~~:1di,~;~~~~'.;~~~1~;:, ,~:~~t~:t;:,:~:~:~, f~::::/~~!~:~\;~f ;:::t:':~iJ{~:~~;;:;\~~~\~',,;:~~~ ;~;~!~!~~~::!;;! ,~:!:::';~:~j[: 
\~~~th th~:.'t kn(Y~~,•'I~::cti~{:;? th.::~t tNmfu~ ~tis~ st~tf.:n1i~fHg a:~d th~ Hkr:: so niadt:: ~:ff(': p~~nis.h::}h!E:~ bi f::nt~ :Jr 
{n1pi}sGn:~1~N~t t'ff b::Jt~\ ~.n-:dt:r -~g ~J.S.C ·HJ-rr; -~nt! that Htich \~iHh.d f:~~h;~~ ~j~:~1~~n·~~3~·?tz rn~:~y }f:s>p;:~n~}~?t· th(~ 
~~-:.~i!dsiy t>f H1~~ ~~f>t~H~:;·@~~<3t~ ~)r nrrt pt~t~~rst i~~~uir~tJ r--:~~f~ti~. 

FuS{ n~u-ne ~Jf so!-z> 
(}t fi~gt fnfnt ~rriE!,:1tor 

r;!(~ Nt~\f~~t~i'.~;. ¼~h~:~rn~~ i~J.1 
~\:]:~tfs.::th 

..,.., ........ ., ...... -. .... v,· • .., .................... ,,, ........ , ............................ - • 

{ d~~yhnot~thf~/':}~:ff) 
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Exarn!n.er: 

lJS. i\PPUCA T!ON NO: PCT/EP2010/06001 ·1 

F()R: Surface Decontarn~natkJn of Fsre'fiHed c;tJnt;1itlf.~rs ~n St~l~ondary 
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(11) EP 1 433 486 A1 

(12) EUROPEAN PATENT APPLICATION 

(43) Date of publication: 
30.06.2004 Bulletin 2004/27 

(21) Application number: 03356193.7 

(22) Date of filing: 08.12.2003 

(84) Designated Contracting States: 
AT BE BG CH CYCZ DE DK EE ES Fl FRGBGR 
HU IE IT LI LU MC NL PT RO SE SI SK TR 
Designated Extension States: 
AL LTLV IIIIK 

(30) Priority: 23.12.2002 US 325912 

(71) Applicant: Closure Medical Corporation 
Raleigh, North Carolina 27616 (US) 

(54) Sterilization of medical adhesive kits 

(57) Adhesive compositions, particularly medical 
adhesive compositions, often include several compo
nents that may react differently to different sterilization 
processes, particularly when combined with one anoth
er. The present invention is directed to methods of ster
ilizing different components or groups of components of 

(51) Int Cl.7 : A61 L 2/02, A61 L 2/08, 
A61 L 2/12, A61 L 2/20, 
B65B 55/02, B65B 55/16, 
A61L 24/04 

(72) Inventors: 
• Stewart, Unbonwan A. 

Durham North Carolina 27713 (US) 
• Vander Klok, Melanie 

Raleigh North Carolina 27616 {US) 

(74) Representative: Guerre, Dominique 
Cabinet Germain et Maureau, 
BP 6153 
69466 Lyon Cedex 06 (FR) 

a final adhesive composition. The different components 
or groups of components are sterilized in separate con
tainers before packaging the components or groups of 
components within a kit, and thereafter sterilizing the kit. 
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(54) Sterilization of medical adhesive kits

(57) Adhesive compositions, particularly medical
adhesive compositions, often include several compo-
nents that may react differently to different sterilization
processes, particularly when combined with one anoth-
er. The present invention is directed to methods of ster-
ilizing different components or groups of components of
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Description 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention is directed to the sterili
zation of liquid and gel or gel-like compositions that are 
useful as biomedical adhesives and sealants and par
ticularly to sterilization of kits of such liquid and gel or 
gel-like compositions. In particular, the present inven
tion relates to the application of separate sterilization 
processes to discrete components of the liquid and gel 
or gel-like compositions, and kits containing the liquid 
and gel or gel-like compositions assembled from com
ponents treated by the separate sterilization processes. 

2. Description of Related Art 

[0002] Monomer and polymer adhesives are used in 
both industrial (including household) and medical appli
cations. Included among these adhesives are the 
1, 1-disubstituted ethylene monomers and polymers, 
such as the a-cyanoacrylates. Since the discovery of 
the adhesive properties of such monomers and poly
mers, they have found wide use due to the speed with 
which they cure, the strength of the resulting bond 
formed, and their relative ease of use. These character
istics have made the a-cyanoacrylate adhesives the pri
mary choice for numerous applications such as bonding 
plastics, rubbers, glass, metals, wood, and, more re
cently, biological tissues. 
[0003] It is known that monomeric forms of a-cy
anoacrylates are extremely reactive, polymerizing rap
idly in the presence of even minute amounts of an initi
ator, including moisture present in the air or on moist 
surfaces such as animal (including human) tissue. Mon
omers of a-cyanoacrylates are anionically polymeriza
ble or free radical polymerizable, or polymerizable by 
zwitterions or ion pairs to form polymers. Once polym
erization has been initiated, the cure rate can be very 
rapid. 
[0004] Medical applications of 1, 1-disubstituted ethyl
ene adhesive compositions include use as an alternate 
or an adjunctto surgical sutures and/or staples in wound 
closure, as well as for covering and protecting surface 
wounds such as lacerations, abrasions, burns, stomati
tis, sores, minor cuts and scrapes, and other wounds. 
When an adhesive is applied to surfaces to be joined, it 
is usually applied in its monomeric form, and the result
ant polymerization gives rise to the desired adhesive 
bond. 
[0005] When such adhesive compositions are desired 
to be used in the medical arts, it is often required, or at 
least preferred, that the adhesive composition be sterile. 
Likewise, it is often required, or at least preferred, that 
the applicators used to apply the adhesive composition, 
also be sterile. A variety of sterilization methods are gen-

erally used to sterilize monomeric and polymeric com
positions as well as the packaging of such kits. These 
methods include chemical, physical, and irradiation 
methods. Examples of chemical methods include expo-

5 sure to ethylene oxide or hydrogen peroxide vapor. 
Physical methods of sterilization may include, for exam
ple, sterilization by dry or moist heat. Gamma irradiation, 
electron beam (e-beam) irradiation, and microwave ir
radiation are some common examples of irradiation 

1 o methods. Aseptic fi II ing can also be used to provide ster
ile compositions. 
[0006] U.S. Patent No. 6,143,805 to Hickey et al. dis
closes a method for sterilizing a liquid adhesive compo
sition, and in particular embodiments an a-cyanoacr-

15 ylate adhesive composition, bye-beam irradiation while 
it is enclosed in a container. After the container contain
ing the liquid adhesive composition is sterilized, the con
tainer may be further subjected toe-beam radiation. The 
patent also discloses that the container may be placed 

20 in a kit with other components that need to be sterilized, 
after which the entire kit may then be sterilized. In addi
tion to e-beam irradiation, the entire kit may be sterilized 
by chemical, physical or other techniques such as mi
crowave irradiation or y-irradiation. 

25 [0007] U.S. Patent No. 6,248,800 discloses a method 
for sterilizing a polymerizable cyanoacrylate ester com
position in a shipping element comprising multiple indi
vidual packages of cyanoacrylate compositions. A pack
aging element, such as an ampoule made of glass, poly-

30 alkylene based polymers, metal foils or polyolefins, is 
filled with a cyanoacrylate ester composition comprising 
a polymerizable cyanoacrylate ester. These filled pack
aging elements are then placed into a shipping element 
and exposed to a sufficient dosage of e-beam radiation 

35 maintained at an initial fluence of at least 2 µCurie/cm2 

to sterilize both the packaging elements and the cy
anoacrylate ester composition therein without gelling 
the composition. The average bulk density of the mate
rials comprising all of the packaging elements is less 

40 than about 0.2 gm/cm3. In another embodiment, the pat
ent discloses first exposing the empty ampoule to a gas 
stream comprising a sufficient amount of ethylene oxide 
to reduce the level of bioburden on the ampoule, before 
filling the ampoule with the cyanoacrylate adhesive. 

45 [0008] U.S. Patent No. 5,997,544 discloses a process 
for producing sterile-packed bone cement, comprising 
providing a first and a second container connected 
through a sealing device between the containers. The 
first container contains a polymer powder and the sec-

so ond contains a monomer. The containers are sterilized 
by introducing a sterilizing gas, such as ethylene oxide, 
into the containers via sterile filters attached to both con
tainers. 
[0009] U.S. Patent No. 3,954,174 discloses a unitary 

55 two-compartment package for sterile surgical articles. 

2 

The package comprises two separate and sealed con
tainers that are joined to each other. The containers are 
defined by walls of sheet material permeable to a steri-
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lizing agent. The disclosed package permits the pack
aging of surgical articles that may require diverse means 
of sterilization in a single package. For example, a ger
micidal liquid in one container may be sterilized by ex
posure to cobalt radiation, while surgical drapes or ap
plications in the second container are sterilized via eth
ylene oxide gas. Once the individual packages have 
been sterilized, they are joined to form the described 
package. The reference discloses the package itself as 
well as the separate sterilization of diverse surgical ar
ticles. 
[001 0] Despite the increasing use of cyanoacrylate 
adhesives in medical and non-medical applications, the 
need exists for new and improved liquid and gel or gel
like adhesive compositions, and kits containing such 
compositions that enable their use in still further and var
ied applications. At the same time, however, as the for
mulations of the liquid and gel or gel-like adhesive com
positions change to adapt to such further and varied ap
plications, new sterilization techniques are required in 
order to provide the desired sterilization of the kit and 
all of its components. 

SUMMARY OF THE INVENTION 

[0011] The present invention is directed to such new 
and improved liquid and gel or gel-like adhesive com
positions, and processes for effectively sterilizing such 
compositions. More particularly, the present invention is 
directed to processes for effectively sterilizing liquid and 
gel or gel-like adhesive compositions, and kits of such 
compositions, which otherwise are not amenable to con
ventional single-step sterilization processes. 
[0012] In particular, the present inventors have dis
covered that as the formulations of the liquid and gel or 
gel-like adhesive compositions are varied, such chang
es have presented significant challenges to sterilization 
of the compositions and kits. It has now been discovered 
that some adhesive compositions cannot be fully steri
lized as a single composition, because various of the 
component materials react adversely to the sterilization 
process. For example, adhesive compositions have 
been prepared to include a plasticizer, which provides 
desirable elasticity and tensile properties to a polymeric 
film or article formed from the composition. However, 
some plasticizer materials in some amounts have been 
found to react adversely to the even moderate level of 
irradiation necessary to sterilize the adhesive composi
tion. The irradiation can cause the plasticizers to at least 
partially degrade, often into byproducts that in turn act 
as initiators or stabilizersforthe liquid and gel or gel-like 
adhesive. The result is that the sterilization process 
renders the product unusable. Any initiators created as 
degradation byproducts can cause the composition to 
prematurely polymerize. On the other hand, any stabi
lizers created as degradation byproducts can cause the 
composition to become "more stable" and more difficult 
to polymerize completely. 

[0013] To overcome this problem, the present inven
tors conducted extensive investigation into alternative 
ways to sterilize the liquid and gel or gel-like adhesive 
compositions, and kits containing such compositions. 

5 The present inventors have discovered suitable sterili
zation processes that provide not only a sterile liquid and 
gel or gel-like adhesive composition and kits, but such 
sterile compositions and kits that retain their usefulness 
for a sufficient time (i.e., a useful shelf-life) for their de-

10 sired purposes. 
[0014] One such process is to sterilize individual com
ponents of the composition and/or kit separately from 
other components of the kit. In this method, components 
of the composition or kit that can withstand higher or 

15 longer sterilization processing are sterilized first. The 
first components are then combined with the remaining 
components of the composition or kit, and the combined 
composition or kit is then subjected to terminal steriliza
tion. In an alternate method, separate components of 

20 the composition, or kit, are sterilized separately by re
spective suitable sterilization processes. The separate 
components are then combined together into a kit, 
which is then subjected to terminal sterilization, for ex
ample, to sterilize the kit-packaging element itself. 

25 [0015] As used herein, the phrase "terminally steri
lize" or variants thereof refers to a process by which a 
product is sterilized in its final container. For example, 
a kit may consist of several components. Each compo
nent may be individually sterilized by an appropriate 

30 means of sterilization. Once all the components are 
packaged into a kit (in a final container), the kit can be 
subjected to terminal sterilization where the outer sur
face of each component will be sterilized. As another 
example, a first container with solid materials may be 

35 irradiated (e-beam) at an initial dose of i O kGy. This con
tainer and the second container (containing adhesive 
composition) are then assembled into a kit, which is then 
irradiated (terminal sterilization) at the dose of i 5 kGy 
rendering the outer surfaces of both containers and their 

40 contents sterile. 
[0016] The present invention is thus directed to meth
ods of sterilizing different components or groups of com
ponents of a final adhesive composition. The different 
components or groups of components may be sterilized 

45 in separate containers before packaging the compo
nents or groups of components within a kit, and there
after terminally sterilizing the kit. Different sterilization 
techniques may be used as determined by the compat
ibility of each adhesive component and/or its container. 

50 [0017] Thus, a kit may comprise a package containing 
a mixture of plasticizer, thickening agent, radioopaque 
agent and initiator sterilized by irradiation. The irradiat
ed package may then be combined in the kit with a sec
ond package containing a liquid and gel or gel-like ad-

55 hesive, such as cyanoacrylate monomer adhesive. The 
entire kit could then be irradiated a second time, at a 
dose sufficient to terminally sterilize the kit. Thus, the 
adhesive is only subjected to a single dose, while the 
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other package is subjected to both doses, providing a 
relatively higher irradiation dose. 
[0018] A combination of different methods may be 
used to sterilize the components of a kit. A package con
taining a mixture of liquid and gel or gel-like adhesive 
(e.g., cyanoacrylate) and plasticizer can be sterilized, 
for example, using dry heat, while a second package 
containing a mixture of thickening agent, radioopaque 
agent and initiator may be sterilized, for example, by ir
radiation. The two packages may then be placed togeth
er in a kit that is in turn chemically sterilized such as by 
ethylene oxide or hydrogen peroxide vapor. Other ac
ceptable component combinations and sterilization 
techniques may be used as appropriate. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0019] The process of the invention comprises sepa
rately sterilizing different components or groups of com
ponents that, when mixed together, form an adhesive 
composition. Thus, for example, an adhesive composi
tion that would otherwise contain various components, 
such as polymerizable monomer, stabilizing agent, 
thickener, plasticizer, radioopaque agent, colorant, fla
vorant, medicament, fibrous reinforcement agent, thix
otropic agent, natural or synthetic rubber, pH modifier, 
formaldehyde scavenger, preservative, and/or the like, 
is separated by components into at least two separate 

adhesive compositions and kits thereof. To avoid sub
jecting the components to a sterilization process with 
which the component or groups of components of a final 
adhesive composition may be incompatible, the differ-

s ent components or groups of components may be sep
arately sterilized. Once sterilized, or at a suitable point 
in the sterilization process, the separate components or 
groups of components may be packaged in separate 
containers within a kit. Thereafter, the entire kit itself 

10 may be subjected to further sterilization, if desired. 
[0022] As used herein, "compatible," as referring to a 
material being compatible with the adhesive formulation 
or another component, means that the material does not 
cause premature polymerization of the adhesive com-

1s position, or does not otherwise render the adhesive 
composition unusable for its intended purpose. Like
wise, "incompatible," as referring to a material being in
compatible with the adhesive formulation or another 
component, means thatthe material does cause prema-

20 ture polymerization of the adhesive composition, or oth
erwise renders the adhesive composition unusable for 
its intended purpose. 
[0023] As a non-limiting example only, in a first em
bodiment of the present invention, the adhesive compo-

25 sition generally includes a polymerizable monomer, 
plasticizer, thickening agent, and radioopaque agent, in 
addition to such materials as stabilizers and optional col
orant. The adhesive composition is generally activated, 
i.e., initiated, by contact with a separate initiator. How-

compositions for separate sterilization. The separated 30 ever, because the polymerizable monomer cannot with
components may be combined into a kit, either after the stand as much irradiation sterilization as the other com-
separate components are sterilized, or between sterili
zation steps. 
[0020] Adhesive compositions, particularly medical 
adhesive compositions, often include several compo
nents that may react differently to different sterilization 
processes, particularly when combined with one anoth
er. For example, as described briefly above, it is often 
desirable to add one or more plasticizing agents into a 
polymerizable monomer adhesive composition. Howev
er, the present inventors have discovered that different 
plasticizers, and particularly when used in different 
amounts, react differently to sterilization processing. By 
way of example only, experiments were conducted us
ing isopropyl myristate or acetyl tri-n-butyl citrate as 
plasticizers. When isopropyl myristate was used, the 
plasticizer could be mixed with the monomer composi
tion, and the entire composition could be sterilized bye
beam irradiation as a single composition and without 
any adverse effects. However, when acetyltri-n-butyl ci
trate was used as a plasticizer, particularly in larger 
amounts to provide its desired effect, it was discovered 
that thee-beam irradiation caused the plasticizer to de
grade into degradation products that interfered with the 
complete polymerization of the composition when initi
ated, rendering the product useless. 
[0021] The present inventors overcame these prob
lems by developing new sterilization processes for the 

ponents, the various components of the composition are 
divided into two separate groups for sterilization. In this 
embodiment, the kit may include a mixture of plasticizer, 

35 thickening agent, radioopaque agent and initiator pack
aged together, which is sterilized by irradiation (e.g., e
beam oryirradiation) at a relatively low dose (e.g., 5-15 
kGy). A package or container containing the irradiated 
composition could then be combined in a kit with a sec-

40 ond package containing an adhesive, such as cyanoacr
ylate monomer adhesive. Once combined, both compo
nents of the kit may then be sterilized again, using the 
same or a different sterilization dose. Thus, the adhe
sive is only subjected to the second low dose, while the 

45 other package or container is subjected to both doses, 
providing a relatively higher level of irradiation dose. 
[0024] Alternatively, in a second embodiment of the 
present invention, where the plasticizer is degraded by 
irradiation sterilization to render the formulation unsuit-

50 able for its intended purpose, the plasticizer can be 
packaged with the polymerizable monomer for steriliza
tion processing, and other components can be sterilized 
separately. In this embodiment, a package or container 
containing a mixture of polymerizable adhesive (e.g., 

55 cyanoacrylate) and plasticizer can be sterilized with dry 
heat, while a package containing a mixture of thickening 
agent, radioopaque agent and initiator can be sterilized 
withe-beam or y-irradiation. The two packages are then 
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placed together in a kit that is in turn sterilized with eth
ylene oxide gas or hydrogen peroxide vapor. Other ac
ceptable component combinations and sterilization 
techniques may also be used in accordance with the in
vention. 
[0025] Accordingly, in embodiments of the present in
vention, the respective components of an adhesive 
composition or kit are first considered to determine 
whether and to what extent they should be separated in 
orderto perform adequate sterilization of all of the com
ponents of the composition or kit. Such consideration 
can be based, for example, on known chemical interac
tion, experimental observations, product packaging 
considerations, end use considerations, and the like. 
[0026] Known chemical interactions provide the first 
consideration in determining any separation of compo
sition components. For example, as is known in the art, 
a suitable initiator can be selected to cause polymeriza
tion of the adhesive composition. As used herein, an "in
itiator" encompasses not only a compound that causes 
initiation of polymerization of monomer species in the 
adhesive composition, but also compounds that cause 
and/or accelerate polymerization or cross-linking of the 
adhesive composition. When such an initiator is to be 
used, the initiator should be kept separate from at least 
the polymerizable species of the adhesive composition 
until the desired time of use. Other compounds, known 
to cause adverse reactions with the polymerizable spe
cies of the adhesive composition, should also generally 
be maintained separate from the polymerizable species. 
Likewise, it is also known that stabilizers, or polymeri
zation inhibitors, can be used to prolong the monomeric 
form of the adhesive composition. In order for such com
pounds to serve their intended purpose, it is generally 
desirable to maintain such stabilizers together with the 
polymerizable species of the adhesive composition. 
[0027] Experimental observations can also be used 
to determine any separation of composition compo
nents. For example, as described above, experiments 
have shown that some plasticizers, such as acetyl tri-n
butyl citrate, produce degradation products upon e
beam irradiation, which degradation products cause the 
adhesive composition to become "more stable" and 
more difficult to polymerize completely. Further, such in
teractions may be apparent based on different product 
formulations and/or different sterilization processes. 
Such experimental observations can thus also indicate 
a need to separate one or more components from other 
components of the adhesive composition. 
[0028] Still further considerations for assessing any 
need or desire to separate composition components can 
be product packaging considerations and end use con
siderations. For example, in embodiments, it may be de
sirable to separate one or more components from the 
remainder of the adhesive composition, to address 
packaging concerns such as preferences in terms of 
containers that are used or the like. Likewise, in embod
iments, it may be desirable to separate one or more 

components from the remainder of the adhesive com
position, to provide for different uses of the composition, 
or to allow the end-user to tailor the mixing proportions 
of different components to meet particular needs. 

5 [0029] In one embodiment of the present invention, 
the materials are separated based on incompatibility of 
one component with another component of the compo
sition. That is, where a mixture of the two components 
together would have an adverse effect on the composi-

10 tion, even in the absence of sterilization, the respective 
components should be separated. 
[0030] In another embodiment of the present inven
tion, the materials are separated based on incompatibil
ity of one component with another component of the 

15 composition that arises only due to the sterilization 
processing. That is, where a mixture of the two compo
nents together would otherwise form an acceptable 
composition, but the mixture would experience an ad
verse effect as a result of sterilization, the respective 

20 components should be separated and sterilized sepa
rately and maintained separate in the kit. 
[0031] In yet a further embodiment of the present in
vention, the materials are separated regardless of their 
compatibility in the composition, both before and after 

25 sterilization. That is, in embodiments, it may be desira
ble to separate two components of the composition al
though the components would otherwise be compatible 
with each other, and with other components of the ad
hesive composition that may be present together, re-

30 gardless of the selected sterilization procedures. 
[0032] After a separation of the components is deter
mined, suitable packaging for each of the respective 
components can be determined. For example, suitable 
packaging can include bottles, vials, tubes, pouches, 

35 envelopes, sachets, syringes, pipettes, and the like. For 
example, liquid components of the composition or kit 
can be packaged in suitable containers, such as bottles, 
vials, tubes, pouches, envelopes, sachets syringes, pi
pettes, or the like, that provide any necessary or desir-

40 able barrier properties. Likewise, applicators or other 
solid materials of the composition or kit can be packaged 
in suitable containers, such as bottles, vials, tubes, 
pouches, envelopes, sachets, and the like, although in 
the case of applicators or larger objects, simple enve-

45 lopes or pouches may be suitable and preferred. Alter
natively, as long as the kit packaging is suitably de
signed, one or more of the separate components of the 
composition or kit can be packaged loose in the kit, such 
as in a compartment, well, dimple, recess, or the like. 

50 Other variations will be apparent based on the present 
disclosure. 
[0033] Once desired separation and packaging of the 
components is determined, an appropriate sterilization 
process sequence can be selected. The sterilization 

55 process sequence, as desired or as necessary, can in
clude two or more different sterilization processes, 
which can be conducted on the respective composition 
components in series and/or in parallel. That is, when 
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conducted in parallel. at least two separate components 
of the adhesive composition or kit are sterilized sepa
rated or apart from each other, prior to being placed into 
a kit. When conducted in series, one of at least two sep
arate components of the adhesive composition or kit is 
sterilized separated or apart from the other(s); the ster
ilized component is then placed into a kit with the re
maining component(s), and a successive sterilization 
step is conducted on the kit. Combinations of these ap
proaches can of course be used, especially where the 
kit includes three or more separate parts (i.e., multiple 
separated composition components, one or more appli
cators, and the like). 
[0034] Although the present discussion focuses on 
the adhesive composition being separated into two sep
arate sub-units, the present invention is in noway limited 
to such embodiments. Rather, the processes of the 
present invention can be equally and desirably utilized 
where a kit of three, four, five, six or more separate parts 
are included. Thus, for example, the processes of the 
present invention can be used to separately sterilize 
three or more components of an adhesive composition; 
to separately sterilize two components of an adhesive 
composition and a separate applicator; to separately 
sterilize an adhesive composition, a separate applicator, 
and a separate other component of the kit; and the like. 
Such modifications of the process of the present inven
tion will be apparent to one skilled in the art, and are 
encompassed by the present invention. When such 
modifications are employed, combinations of the above

described parallel and serial processing are likewise ap
plicable. 
[0035] For sterilizing the various components of the 
kit, any of the suitable sterilization processes can be 
used. Thus, for example, suitable sterilization process
es include, but are not limited to, chemical, physical, 
and/or irradiation methods. Examples of chemical meth
ods include, but are not limited to, exposure to ethylene 
oxide or hydrogen peroxide vapor. Examples of physical 
methods include, but are not limited to, sterilization by 
heat (dry or moist) or retort canning. Examples of irra
diation methods include, but are not limited to, y-irradi
ation, e-beam irradiation, and microwave irradiation. A 
preferred method is e-beam irradiation, as described in 
U.S. Patent No. 6,143,805, the entire disclosure of 
which is incorporated herein by reference. 
[0036] According to the present invention, the pre
ferred selected sterilization process can also vary de

pending on the particularcomponent(s) being sterilized. 
Thus, for example, e-beam or dry heat irradiation may 
be preferred for sterilizing the polymerizable monomer, 
optionally in combination with other composition com
ponents, and e-beam for other solid materials. However, 
where applicators or other parts of the kit, or the kit pack
aging itself, are to be sterilized, chemical methods such 
as exposure to ethylene oxide or hydrogen peroxide va
por may be preferred. 
[0037] Furthermore, in embodiments of the present 

invention, it may be desirable to conduct a sterilization 
process on one or more of the containers of the kit, prior 
to individual adhesive composition components being 
introduced into the containers. Thus, for example, 

5 where solid materials are to be stored in respective vials, 
syringes, bottles, or the like, it may be desirable to ex
pose the empty containers or the empty kit packaging 
element to a sterilization process such as ethylene oxide 
or hydrogen peroxide gas, to reduce the bioburden of 

10 the containers. Of course, any other suitable sterilization 
process can also be used. 
[0038] In selecting the sterilization processes, an im
portant consideration is the effect, if any, that the indi
vidual and overall sterilization processes have on the 

15 respective composition components. For example, it is 
known that excessive sterilization exposure, particularly 
to irradiation, can cause polymerization of the polymer
izable monomer. Thus, for example, where multiple ster
ilization cycles are used in series, the multiple cycles 

20 should be selected such that either the total sterilization 
dose is within an acceptable range, or such that the po
lymerizable monomer is not exposed to all of the suc
cessive processes. Similar concerns may also apply to 
other components in the adhesive composition and/or 

25 kit. 

[0039] Thus, for example, care must be exercised 
when sterilizing the polymerizable monomer, particular
ly bye-beam irradiation. When the polymerizable mon
omer is to be exposed to only one irradiation process, 

30 the irradiation can be in a suitable amount of, for exam

ple, from about 10 to about 30 kGy, preferably about 15 
to about 25 kGy. However, when the polymerizable mon
omer is to be exposed to two successive irradiation 
processes, the total irradiation from both processes 

35 should be controlled to be in the above-described 
amounts. Thus, a first irradiation process could deliver 
a dose of from about5 to about 15 kGy, preferably about 
10 to about 15 kGy, and the second irradiation process 
could deliver an additional dose of from about 5 to about 

40 15 kGy, preferably about 10 to about 15 kGy. Similar 
concerns, and dosage ranges, apply to the use of y-ir
radiation, orto combinations of y and e-beam irradiation. 
[0040] Regardless of the sterilization methods used, 
the respective components of the kit, and preferably the 

45 entire kit and its contents, should be sterile. By "sterile" 
herein is meant that the composition or component is 
free from viable microorganisms. In preferred embodi
ments of the present invention, the composition is ster

ilized to provide a Sterility Assurance Level (SAL) of at 
50 least 1 o-3. In embodiments, the Sterility Assurance Lev

el may be at least 1 o-4 , or may be at least 1 o-5 , or may 
be at least 1 o-s. 
[0041] As a result of the sterilization processes, there 
is preferably substantially no initiation of polymerization 

55 of the liquid and gel or gel-like adhesive composition. 

6 

That is, the sterilization processes preferably do not 
cause polymerization of the composition, which would 
render the composition unusable for its intended pur-
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pose. 
[0042] As described briefly above, the kits of the 
present invention can include one or more containers of 
material, such as components of an adhesive composi
tion, or one or more compartments containing such ma
terials, and optionally one or more applicators or other 
parts. Although not limited to any particular construction, 
the kit container (also referred to as a kit packaging el
ement) itself can be any suitable container, including but 
not limited to a bottle, jar, carton, box, or the like. The 
kit container can be formed of any suitable material in
cluding, but not limited to, paper, cardboard, plastic, 
metal, glass, or the like. Suitable kit container designs 
are disclosed in, for example, U.S. Patent Applications 
Nos. 09/145,200, filed September 1, 1998, 09/385,030, 
filed August 30, 1 999, 09/987, 116, filed November 13, 
2001, and 09/559,651, filed April 28, 2000, the entire 
disclosures of which are incorporated herein by refer
ence. 
[0043] The kits can be particularly adapted, in terms 
of their construction and/or contents, for a wide range 
of medical procedures. For example, the kits can be 
used for apposing surgically incised or traumatically lac
erated tissues; retarding blood flow from wounds; dress
ing burns; dressing skin or other superficial or surface 
wounds (such as abrasions, chaffed or raw skin, ulcer
ation and/or stomatitis); hernia repair; meniscus repair; 
and aiding repair and re-growth of living tissue. One par
ticular example of a surgical kit that can be prepared 
includes a kit whose construction and contents is par
ticularly adapted for use in lung volume reduction pro
cedures. Such lung volume reduction procedures, and 
compositions and kits useful therefor, are described, for 
example, in U.S. Provisional Patent Application No. 
60/231,569, filed September 11, 2000, and U.S. Patent 
Application No. 09/949,644, filed September 12, 2001, 
the entire disclosures of which are incorporated herein 
by reference. 
[0044] Furthermore, in embodiments of the present 
invention, the kits and contents can be used in non-med
ical procedures, including but not limited to industrial 
and home applications, for example in bonding rubbers, 
plastics, wood, composites, fabrics, and other natural 
and synthetic materials. Although sterilization may not 
be required for such applications, sterilization may still 
be preferred to retard bacterial growth and the like, and/ 
or in environments where increased sterility is desired. 
[0045] The composition in embodiments of the inven-
tion is preferably a monomeric adhesive composition. 

cised or traumatically lacerated tissues; retarding blood 
flow from wounds; drug delivery; dressing burns; and 
aiding repair and regrowth of living tissue. 
[0046] Monomers that may be used in this invention 

5 are readily polymerizable, e.g., anionically polymeriza
ble or free radical polymerizable to form polymers. Such 
monomers include those that form polymers, which may, 
but do not need to, biodegrade. Reference is made, for 
example to U.S. Patents Nos. 5,328,687, 6,i83,593 and 

10 5,928,611, U.S. Patent Application Serial No. 
09/430,177, filed on October 29, 1999, which are hereby 
incorporated by reference in their entirety. Useful 
1, 1-disubstituted ethylene monomers include, but are 
not limited to, monomers of the formula: 

15 

(I) HRC=CXY 

wherein X and Y are each strong electron withdrawing 
20 groups, and R is H, -CH=CH2 or, provided that X and Y 

are both cyano groups, a C1-C4 alkyl group. Preferred 
monomers include 1, 1-disubstituted ethylene mono
mers, such as a-cyanoacrylates including, but not limit
ed to, alkyl a-cyanoacrylates having an alkyl chain 

25 length of from about 1 to about20carbon atoms or more, 
preferably from about 3 to about 8 carbon atoms. 
[0047] The a-cyanoacrylates of the present invention 
can be prepared according to methods known in the art. 
U.S. Patents Nos. 2,721,858, 3,254,111, 3,995,641, and 

30 4,364,876, each of which is hereby incorporated in its 
entirety by reference herein, disclose methods for pre
paring a-cyanoacrylates. 
[0048] Preferred a-cyanoacrylate monomers used in 
this invention include methyl cyanoacrylate, ethyl cy-

35 anoacrylate, n-butyl cyanoacrylate, 2-octyl cyanoacr
ylate, methoxyethyl cyanoacrylate, ethoxyethyl cy
anoacrylate, dodecyl cyanoacrylate, 2-ethylhexyl cy
anoacrylate, butyl cyanoacrylate, 3-methoxybutyl cy-
anoacrylate, 2-butoxyethyl cyanoacrylate, 2-isopropox-

40 yethyl cyanoacrylate, 1-methoxy-2-propyl cyanoacr
ylate, hexyl cyanoacrylate, or dodecylcyanoacrylate. 
[0049] Suitable cyanoacrylates for use in the present 
invention also include, but are not limited to, alkyl ester 
cyanoacrylate monomers such as those having the for-

45 mula 

The monomer (including prepolymeric) adhesive com- 50 

position may include one or more polymerizable mono
mers. In embodiments, the monomer is a 1, 1-disubsti
tuted ethylene monomer, e.g., an a-cyanoacrylate. Pre
ferred monomer compositions of the present invention 
and polymers formed therefrom are useful as tissue ad- 55 

hesives, sealants for preventing bleeding or for covering 
open wounds, and in other biomedical applications. 
They find uses in, for examples, apposing surgically in-
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wherein R1 and R2 are, independently H, a straight, 
branched or cyclic alkyl, or are combined together in a 
cyclic alkyl group, and R3 is a straight, branched or cyclic 
alkyl group. Preferably, R1 is H or a C1, C2 or C3 alkyl 
group, such as methyl or ethyl; R2 is H or a C1, C2 or C3 
alkyl group, such as methyl or ethyl; and R3 is a C1-C16 

alkyl group, more preferably a G1 -G10 alkyl group, such 
as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, oc
tyl, nonyl or decyl, and even more preferably a G2, G3 
or C4 alkyl group. Such alkyl ester cyanoacrylates and 
other suitable monomers are disclosed in, for example, 
U.S. Patent Applications Nos. 09/630,437, filed August 
2, 2000, and 09/919,877, filed August 2, 2001, the entire 
disclosures of which are incorporated herein by refer
ence. 
[0050] Examples of preferred alkyl ester cyanoacr
ylates include, but are not limited to, butyl lactoyl cy
anoacrylate (BLGA), butyl glycoloyl cyanoacrylate (BG
GA), ethyl lactoyl cyanoacrylate (ELGA), and ethyl gly
coloyl cyanoacrylate (EGCA). BLCA may be represent
ed by the above formula, wherein R1 is H, R2 is methyl 
and R3 is butyl. BGCA may be represented by the above 
formula, wherein R1 is H, R2 is Hand R3 is butyl. ELGA 
may be represented by the above formula, wherein R1 
is H, R2 is methyl and R3 is ethyl. EGGA may be repre
sented by the above formula, wherein R1 is H, R2 is H 
and R3 is ethyl. 
[0051] The compositions of the present invention may 
include at least one plasticizing agent that assists in im
parting flexibility to the polymer formed from the mono
mer. The plasticizing agent preferably contains little or 
no moisture and should not significantly affect the sta
bility or polymerization of the monomer. Examples of 
suitable plasticizers include but are not limited to isopro
pyl myristate, isopropyl palmitate, tributyl citrate, acetyl 
tri-n-butyl citrate (ATBC), polymethylmethacrylate, poly
dimethylsiloxane, polyester glutarates; polyester adi
pates; polyester sebacates; and others as listed in U.S. 
Patent No. 6,183,593, the disclosure of which is incor-

porated in its entirety by reference herein. 
[0052] Other compositions are exemplified by U.S. 
Patents Nos. 5,259,835, 5,328,687, 5,981,621, 
6,143,352, 6,010,714, 6,217,603, and 5,928,611 and U. 

5 S. Patent Application Serial No. 08/909,845, all incorpo
rated by reference herein in their entirety. 
[0053] The composition may also optionally include at 
least one thixotropic agent. Suitable thixotropic agents 
are known to the skilled artisan and include, but are not 

10 limited to, silica gels such as those treated with a silyl 
isocyanate, and optionally surface treated titanium di
oxide. Examples of suitablethixotropic agents and thick
eners are disclosed in, for example, U.S. Patent Nos. 
4,720,513and 6,310,166, the disclosures of which are 

15 hereby incorporated in their entireties by reference 
herein. 
[0054] The composition may optionally also include 
thickeners. Suitable thickeners may include poly 
(2-ethylhexy methacrylate), poly(2-ethylhexyl acrylate) 

20 and others as listed in U.S. Patent Application Serial No. 
09/472,392 (is this correct?] filed December 23, 1999, 
the disclosure of which is incorporated by reference 
herein in its entirety. 
(0055] The composition may also optionally include at 

25 least one natural or synthetic rubber to impart impact 
resistance. The skilled artisan would know of such suit
able rubbers. Such rubbers include, but are not limited 
to, dienes, styrenes, acrylonitriles, and mixtures thereof. 
Examples of suitable rubbers are disclosed in, for ex-

30 ample, U.S. Patents Nos. 4,313,865 and 4,560,723, the 
disclosures of which are hereby incorporated in their en
tireties by reference herein. 
(0056] The composition may also optionally include a 
radioopaque agent to make the polymerized material 

35 visible upon x-ray examination. Suitable radioopaque 
agents may include, but are not limited to, tantalum pow
der, iodine-containing compounds including ethiodized 
oil, and barium sulfate. 
(0057] The composition may optionally also include 

40 one or more stabilizers, preferably both at least one an
ionic vapor phase stabilizer and at least one anionic liq
uid phase stabilizer. These stabilizing agents may inhibit 
premature polymerization. Suitable stabilizers may in
clude those listed in U.S. Patent No. 6,183,593, the dis-

45 closure of which is incorporated by reference herein in 
its entirety. Other suitable stabilizers, which have addi
tional functions in the composition, are disclosed in U. 
S. Patent Applications Nos. 09/657,913, filed Septem
ber 8, 2000, and 09/964,415, filed September 28, 2001, 

50 the entire disclosures of which are incorporated herein 
by reference. 
(0058] The stability, and thus the shelf-life, of some 
monomeric adhesive compositions can be further en
hanced and extended through careful regulation of the 

55 packaging. Treated (e.g., fluorinated polymer) packag
ing such as that disclosed in copending U.S. Patent Ap
plication Serial No. 09/430,289, filed October 29, 1999, 
which is hereby incorporated by reference herein in its 
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entirety, is preferred and may reduce the amount of sta
bilizer that is combined into the composition. Other suit
able container constructions are disclosed, for example, 
in U.S. Patent Application No. 09/657,913, the entire 
disclosure of which is incorporated herein by reference. 
[0059] The compositions may also include pH modi
fiers to control the rate of degradation of the resulting 
polymer, as disclosed in U.S. Patent No. 6,143,352, the 
entire disclosure of which is hereby incorporated by ref
erence herein in its entirety. 
[0060] Compositions of the present invention may al
so include at least one biocompatible agent effective to 
reduce active formaldehyde concentration levels pro
duced during in vivo biodegradation of the polymer (also 
referred to herein as "formaldehyde concentration re
ducing agents"). Preferably, this component is a formal
dehyde scavenger compound. Examples of formalde
hyde scavenger compounds useful in this invention in
clude sulfites; bisulfites; mixtures of sulfites and bi
sulfites, etc. Additional examples of formaldehyde scav
enger compounds useful in this invention and methods 
for their implementation can be found in U.S. Patents 
Nos. 5,328,687, 5,514,371, 5,514,372, 5,575,997, 
5,582,834 and 5,624,669, all to Leung et al., which are 
hereby incorporated herein by reference in their entire
ties. 
[0061] To improve the cohesive strength of adhesives 
formed from the compositions of this invention, difunc
tional monomeric cross-linking agents may be added to 
the monomer compositions of this invention. Such 
crosslinking agents are known. U.S. Patent No. 
3,940,362 to Overhults, which is hereby incorporated 
herein in its entirety by reference, discloses exemplary 
cross-linking agents. 
[0062] The compositions of this invention may further 
contain fibrous reinforcement and colorants such as 
dyes, pigments, and pigment dyes. Examples of suita
ble fibrous reinforcement include PGA microfibrils, col
lagen microfibrils, and others as described in U.S. Pat
ent No. 6, i 83,593 the disclosure of which is incorporat
ed by reference herein in its entirety. 
[0063] The polymerizable compositions useful in the 
present invention may also further contain one or more 
medicaments, preferably one or more non-antioxidant 
medicaments. Suitable medicaments include, but are 
not limited to, antibiotics, antimicrobials, antiseptics, 
bacteriocins, bacteriostats, disinfectants, steroids, an
esthetics, antifungal agents, anti-inflammatory agents 
(other than the dual function stabilizers of the present 
invention), antibacterial agents, antiviral agents, antitu
mor agents, growth promoting substances, antioxidants 
(other than the dual function stabilizers of the present 
invention), or mixtures thereof. Suitable specific medi
caments are disclosed in, for example, U.S. Patent Ap
plication No. 09/430, 177, filed October 29, 1999, the en
tire disclosure of which is incorporated herein by refer
ence. 
[0064] The polymerizable compositions useful in the 

present invention may also further contain one or more 
preservatives. Suitable preservatives, and methods for 
selecting them and incorporating them into adhesive 
compositions, are disclosed in U.S. Patent Application 

5 No. 09/430, 180, the entire disclosure of which is incor
porated herein by reference. Such preservatives can be 
in addition to any anti-fungal agent that may or may not 
be added to the composition, as described above. Such 
preservatives can be included irrespective of whether 

10 the composition and containers are sterilized. 
[0065] In embodiments of the present invention, the 
composition and/or its applicator may contain materials 
such as a polymerization initiator, accelerator, rate-mod
ifier, and/or cross-linking agent for initiating polymeriza-

15 tion and/or cross-linking of the polymerizable monomer 
material. Suitable materials and applicators and pack
aging systems are disclosed in U.S. Patent Nos. 
5,928,611, 6,352,704 and U.S. Patent Applications Se
rial Nos. 09/430, 177, 09/430, 176, 09/430,289, 

20 09/430,290, and 09/430, i 80 filed October 29, 1999; 
09/385,030 filed August 30, 1999; and 09/176,889 filed 
October 22, 1998; the entire disclosures of which are 
incorporated herein by reference. 

25 EXAMPLES 

[0066] The following examples illustrate specific em
bodiments of the invention. These examples are intend
ed to be illustrative only, and the invention is not limited 

30 to the materials, conditions, or process parameters set 
forth in the Examples. 

Example 1 

35 [0067] A finished adhesive composition consisting of 
components of stabilized monomer (2-octyl cyanoacr
ylate), plasticizer (isopropyl myristate), thixotropic agent 
(fumed silica), and radioopaque agent (tantalum pow
der) is desired. The composition is to be initiated using 

40 benzalkonium chloride or butyrylcholine chloride. The 
components are divided into two elements. Element one 
contains the stabilized monomer packaged in a fluori
nated high-density polyethylene bottle. Element two 
contains the plasticizer, thixotropic agent, radioopaque 

45 agent, and an amount of initiator to provide the desired 
setting time. The components of element two are first 
mixed to form a homogeneous gel-like material. The el
ement two composition is then packaged into a syringe 
(glass or plastic). 

50 [0068] Element two is sterilized first using an e-beam 
or y-irradiation dose of 5 to 15 kGy. This dose reduces 
the bioburden in the product. To form the kit, non-sterile 
element one is added to the sterilized element two in a 
foil pouch. The foil pouch is sealed. The two elements 

55 in the foil pouch are exposed to an e-beam irradiation 
dose of 15 kGy. Element two has then been exposed to 
approximately 30 kGy. Element one has been exposed 
to the single dose of 15 kGy. The sterilization steps are 
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sequential. 
[0069] When it is time to use the composition, element 
one and element two are mixed. The polymerization 
time ("working time") is related to the initiator level. The 
flexibility of the resulting polymer is related to the 
amount of plasticizer. 
[0070] The result is a medical procedure kit that in
cludes compositions 1 and 2, which are both sterilized 
and substantially retain their original properties in terms 
of viscosity and appearance. The compositions can be 
mixed and subsequently applied to a surface. Mixing of 
the compositions 1 and 2 initiates polymerization of the 
monomer, providing a polymer film. 

Example2 

[0071] The same composition as described in Exam
ple 1 is desired. The components are divided into two 
elements. Element one contains the stabilized mono
mer and the plasticizer in a fluorinated high-density pol
yethylene bottle. Element two contains the thixotropic 
agent, radioopaque agent, and an amount of initiatorto 
provide the desired setting time. The components of el
ement two may be mixed together to form a homogene
ously distributed powder (all components are solids), or 
the components may be added sequentially to the pack
aging container. The element two components are pack
aged into a syringe. 
[0072] The sterilization steps described in Example 1 
are repeated. 
[0073] If the plasticizer level and initiator amount are 
the same for example two as in example one, the po
lymerization time and the flexibility of the resulting pol
ymer will be very similar to example one. 

Example 3 

[0074] A finished adhesive composition consisting of 
components of stabilized monomer (2-octyl cyanoacr
ylate), plasticizer (acetyl tri-n-butyl citrate, ATBC), thix
otropic agent (fumed silica), and radioopaque agent 
(tantalum powder) is desired. The composition is to be 
initiated using benzalkonium chloride or butyrylcholine 
chloride. The components are divided into two ele
ments. Element one contains the stabilized monomer 
and the plasticizer packaged in a glass vial or ampoule. 
Element two contains the components of thixotropic 
agent, radioopaque agent, and an amount of initiatorto 
provide the desired setting time. The components of el
ement two may be mixed together to form a homogene
ously distributed powder (all components are solids), or 
the components may be added sequentially to the pack
aging container. The element two components are pack
aged into a syringe. 

ponents are sterilized with an e-beam irradiation dose 
of approximately 25 kGy. Element two may or may not 
be placed into a foil pouch before e-beam irradiation. 
The two sterilization processes occur in parallel. Once 

5 both elements are sterilized, they are joined together in
to a pouch, which is sealed and is then exposed to eth
ylene oxide gas. 
[0076] When it is time to use the composition, element 
one and element two are mixed. The polymerization 

10 time ("working time") is related to the initiator level. The 
flexibility of the resulting polymer is related to the 
amount of plasticizer. 
[0077] The polymer created in example three can be 
similar to the polymer created in examples one and two. 

15 The plasticizer and initiator levels can be modified so 
the polymers are similar. Each plasticizer must be eval
uated individually in the composition to give the desired 
amount of flexibility. One plasticizer may or may not be 
exchanged weight for weight in a composition. Once the 

20 plasticizer level is determined the initiator amount can 
be adjusted to give the desired polymerization time. 
[0078] The result is a medical procedures kit that in
cludes compositions 1 and 2, which are both sterilized 
and substantially retain their original properties in terms 

25 of viscosity and appearance. The compositions can be 
mixed and subsequently applied to a surface. Mixing of 
the compositions 1 and 2 initiates polymerization of the 
monomer, providing a polymer film 

30 Example 4 

[0079] Example two is repeated with acetyl tri-n-butyl 
citrate substituted for isopropyl myristate. The same 
sterilization sequence as described in example one is 

35 repeated. When element one and element two are 
mixed for their intended purpose, the polymerization 
time is undesirably extended and the resulting polymer 
does not have the desired physical characteristics. 
[0080] While the invention has been described with 

40 reference to preferred embodiments, the invention is not 
limited to the specific examples given, and other embod
iments and modifications can be made by those skilled 
in the art without departing from the spirit and scope of 
the invention. 

45 [0081] While the invention has been described with 
reference to preferred embodiments, the invention is not 
limited to the specific examples given, and other embod
iments and modifications can be made by those skilled 
in the art without departing from the spirit and scope of 

50 the invention. 

Claims 

[0075] Experimentally it was discovered that ATBC 55 

degraded at the e-beam irradiation dose required for 
sterility. To prevent this degradation, element one com
ponents are sterilized using dry heat. Element two com-

1. A method for sterilizing an adhesive kit comprising: 

providing a first container containing at least a 
polymerizable monomer of a polymerizable ad-

10 
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hesive composition; 
providing a second container containing at 
least one additional component of the polymer
izable adhesive composition; 

from the group consisting of ampoules, vials, sy
ringes, pipettes, tubes and applicators. 

subjecting the second container to a first steri- 5 

13. The method according to claim i, wherein the first 
and second containers are compatible withe-beam. 

lization process to reduce the bioburden con

tents of said second container; 
combining the first container and the second 
container in a kit packaging element; and 
subjecting the kit packaging element, contain
ing the first and the second containers, to a sec
ond sterilization process that terminally steriliz
es contents of said first and second containers. 

2. The method according to claim i, wherein the first 
sterilization process does not terminally sterilize 
contents of said second container. 

3. The method according to claim i, wherein the first 
and second sterilization steps cause substantially 
no initiation of polymerization of the liquid and gel 
or gel-like adhesive composition. 

4. The method according to claim i, wherein the at 

least one additional component is at least one of a 
plasticizer, a thickening agent, a radioopaque 
agent, and an initiator. 

5. The method according to claim 1, wherein the at 

14. The method according to claim i, wherein the first 
container contains said polymerizable monomer, 
and said second container contains a plasticizer, a 

10 thickening agent, a radioopaque agent, and an ini
tiator agent for said polymerizable monomer. 

15. The method according to claim i, wherein the first 
container contains said polymerizable monomer 

15 and at least one of a plasticizer, a thickening agent, 
and a radioopaque agent, and said second contain
er contains an initiator agent for said polymerizable 
monomer and at least one other of the plasticizer, 
the thickening agent, and the radioopaque agent 

20 not packaged in the first container. 

25 

16. The method according to claim 1, further compris
ing sealing said kit packaging element prior to said 
second sterilization process. 

17. The method according to claim 16, further compris
ing, prior to said sealing step, a third sterilization 
process to sterilize exposed surfaces in said kit 
packaging element. 

least one additional component is at least one of an 30 

initiator, a thickening agent, and a radioopaque 18. The method according to claim 17, wherein said 
agent. 

6. The method according to claim 1, wherein the at 
least one additional component is an initiator. 

7. The method according to claim 1 , wherein the po
lymerizable monomer comprises a 1, 1-disubstitut
ed ethylene monomer. 

8. The method according to claim 1 , wherein the po
lymerizable monomer is an a-cyanoacrylate. 

9. The method according to claim 1 , wherein at least 
one of the first and second containers is sealed to 
maintain contents of said first container separate 
from contents of said second container. 

10. The method according to claim 1, wherein at least 

third sterilization process comprises exposure to 
ethylene oxide or hydrogen peroxide vapor. 

35 19. The method according to claim 1, further compris
ing including at least one applicator for said polym
erizable adhesive composition in said kit packaging 
element. 

40 20. The method according to claim i. wherein at least 
one material contained in said first container is in
compatible with at least one material contained in 
said second container, at least prior to said first ster
ilization process. 

45 

one of the first and second containers is made of 50 

glass. 

21. The method according to claim i, wherein at least 
one material contained in said first container is in

compatible with at least one material contained in 
said second container, at least after said first steri
lization process but not before said first sterilization 
process. 

11. The method according to claim 1 , wherein at least 
one of the first and second containers is made of 
plastic. 55 

12. The method according to claim i, wherein the first 
and second containers are independently selected 

11 

22. The method according to claim i, wherein the first 
container is a glass ampoule and the second con
tainer is a plastic syringe. 

23. The method according to claim i, wherein the first 
and second sterilization processes are independ-
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ently selected from the group consisting of irradia
tion, physical treatment, or chemical treatment. 

24. The method according to claim 1, wherein the first 
sterilization process comprises e-beam irradiation 5 

container in a kit packaging element; and 
subjecting the kit packaging element, contain
ing the first and the second containers, to a third 
sterilization process that terminally sterilizes at 
least exposed surfaces in said kit packaging el
ement. at a dosage of from about 5-15 kGy. 

25. The method according to claim 1, wherein the sec
ond sterilization process comprises e-beam irradi-
ation at a dosage of from about 5-15 kGy. 10 

33. The method according to claim 32, wherein the first 
sterilization process sterilizes contents of said first 
container, and said second sterilization process 
sterilizes contents of said second container. 

26. The method according to claim 1 , wherein at least 
one of said first sterilization process and said sec
ond sterilization process comprises dry heat. 

27. The method according to claim 1, wherein said kit 
is sterilized to provide a Sterility Assurance Level of 
at least 1 o-3. 

28. The method according to claim 1, wherein the sec
ond container contains at least one material that at 
least partially degrades during sterilization to be
come incompatible with the polymerizable mono
mer. 

29. The method according to claim 28, wherein said at 
least one material that at least partially degrades is 
a plasticizer. 

30. An adhesive kit produced by the method of claim 1. 

31. A sterile adhesive kit, comprising: 

a sterilized outer packaging element containing 
at least a sterilized first container and a steri
lized second container, 
the sterilized first container containing at least 
a polymerizable monomer of a polymerizable 
adhesive composition, 
the sterilized second container containing at 
least one additional component of the polymer
izable adhesive composition. 

32. A method for sterilizing an adhesive kit comprising: 

providing a first container containing at least a 
polymerizable monomer of a polymerizable ad
hesive composition; 
subjecting the first container to a first steriliza-

34. The method according to claim 32, wherein at least 
one of (a) said first sterilization process does not 

15 terminally sterilize contents of said first container, 
and (b) said second sterilization process does not 
terminally sterilize contents of said second contain
er. 

20 35. The method according to claim 32, wherein the first 
sterilization process does not terminally sterilize 
contents of said first container, and said second 
sterilization process does not terminally sterilize 
contents of said second container. 

25 

36. The method according to claim 32, wherein said first 
and second containers are separately sterilized by 
different sterilization processes. 

30 37. The method according to claim 32, wherein said 

third sterilization process terminally sterilizes only 
exposed surfaces in said kit packaging element. 

38. The method according to claim 32, wherein said 
35 third sterilization process comprises exposure to 

ethylene oxide or hydrogen peroxide vapor. 

39. The method according to claim 32, wherein the first, 
second and third sterilization processes cause sub-

40 stantially no initiation of polymerization of the liquid 
and gel or gel-like adhesive composition. 

40. The method according to claim 32, wherein the at 
least one additional component is at least one of a 

45 plasticizer, a thickening agent, a radioopaque 
agent, and an initiator agent. 

tion process to reduce the bioburden or sterilize 50 

contents of said first container; 

41. The method according to claim 32, wherein the at 
least one additional component is at least one of an 
initiator, a thickening agent, and a radioopaque 
agent. 

providing a second container containing at 
least one additional component of the polymer-
izable adhesive composition; 
subjecting the second container to a second 
sterilization process to reduce the bioburden or 
sterilize contents of said second container; 
combining the first container and the second 

55 

12 

42. The method according to claim 32, wherein the at 
least one additional component is an initiator. 

43. The method according to claim 32, wherein said first 
container further contains at least one plasticizer, 
and said second container does not contain any 
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plasticizing agents. 

44. The method according to claim 32, wherein the po
lymerizable monomer comprises a 1, 1-disubstitut-

compatible with at least one material contained in 
said second container, at least after said first and 
second sterilization processes, but not before said 
first and second sterilization processes. 

ed ethylene monomer. 5 

45. The method according to claim 32, wherein the po
lymerizable monomer is an a-cyanoacrylate. 

46. The method according to claim 32, wherein at least 
one of the first and second containers is sealed to 
maintain contents of said first container separate 
from contents of said second container. 

56. The method according to claim 32, wherein the first 
container is glass ampoule and the second contain
er is a plastic syringe. 

10 57. The method according to claim 32, wherein the first, 
second and third sterilization processes are inde
pendently selected from the group consisting of ir
radiation, physical treatment, or chemical treat
ment. 

47. The method according to claim 32, wherein at least 15 

one of the first and second containers is made of 
glass. 

58. The method according to claim 32, wherein the first 
and second sterilization processes are independ
ently selected from the group consisting of e-beam 
irradiation, y--irradiation, and dry heat. 48. The method according to claim 32, wherein at least 

one of the first and second containers is made of 
plastic. 

49. The method according to claim 32, wherein the first 
and second containers are independently selected 
from the group consisting of ampoules, vials, sy
ringes, pipettes, tubes and applicators. 

50. The method according to claim 32, wherein the first 
and second containers are compatible with e-beam. 

51. The method according to claim 32, wherein the first 

20 

59. The method according to claim 32, wherein said kit 
is sterilized to provide a Sterility Assurance Level of 
at least rn-3 . 

25 60. The method according to claim 32, wherein the first 
container contains at least one material that at least 
partially degrades during sterilization to become in
compatible with the polymerizable monomer. 

30 61. The method according to claim 61 , wherein said at 
least one material that at least partially degrades is 

container contains said polymerizable monomer, a plasticizer. 
and said second container contains a plasticizer, a 
thickening agent, a radioopaque agent, and an ini- 62. An adhesive kit produced by the method of claim 32. 
tiator agent for said polymerizable monomer. 35 

52. The method according to claim 32, wherein the first 
container contains said polymerizable monomer 
and at least one of a plasticizer, a thickening agent, 
or a radioopaque agent, and said second container 40 

contains an initiator agent for said polymerizable 
monomer and at least one other of the plasticizer, 
the thickening agent, or the radioopaque agent not 
packaged in the first container. 

53. The method according to claim 32, further compris
ing including at least one applicator for said polym
erizable adhesive composition in said kit packaging 
element. 

54. The method according to claim 32, wherein at least 
one material contained in said first container is in
compatible with at least one material contained in 
said second container, at least prior to said first and 
second sterilization processes. 

55. The method according to claim 32, wherein at least 
one material contained in said first container is in-

45 

50 

55 
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GRAFT MATERIALS CONTAINING BIOACTIVE SUBSTANCES, 

AND lV.IETHODS FOR THEIR MANUFACTURE 

REFERENCE TO RELATED APPLICATION 

This application claims the benefit of United States Patent Application Serial No. 

60/497,746 filed August 25, 2003, which is hereby incorporated by reference in its 

entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to materials useful for tissue 

grafting, and in particular to such materials derived from extracellular matrices and 

retaining both collagen and substances such as growth factors that contribute to the 

15 beneficial properties of the materials. In one aspect, the invention relates to 

extracellular matrix tissue graft materials containing one or more growth factors 

modulated to a predetermined level, and related methods of manufacturing. 

Extracellular matrix (ECM) materials, including those derived from 

submucosa and other tissues, are known tissue graft materials. See, e.g., U. S. 

20 Patent Nos. 4,902,508, 4,956,178, 5,281,422, 5,372,821, 5,554,389, 6,099,567, 

and 6,206,931. Tissues from various biological structures can be used for these 

purposes, including for example small intestine, stomach, the urinary bladder, skin, 

pericardium, dura mater, fascia, and the like. These sources provide collagenous 

materials useful in a variety of surgical procedures where tissue support and/or 

25 ingrowth are desired. 

Submucosa and other ECM materials have been shown to include a variety 

of components other than collagen that that can contribute to the bioactivity of the 

materials and to their value in medical grafting and other uses. As examples, 

ECM materials can include growth factors, cell adhesion proteins, and 

30 proteoglycans. However, ECM materials are typically subjected to a battery of 

manipulations in the manufacture of finished products containing them. This 
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presents challenges in obtaining finished products that not only possess the 

necessary physical properties and appropriate levels of biocompatibility and 

sterility, but also the desired bioactivity. The present invention is addressed to 

these needs. 
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SUMMARY OF THE INVENTION 

Accordingly, in one aspect, the present invention provides a method for 

manufacturing a tissue graft material such as a collagenous extracellular matrix 

containing at least one extractable, bioactive growth factor or other non-

5 collagenous protein material, particularly Fibroblast Growth Factor-2 (FGF-2), at a 

predetermined amount. The method includes the steps of providing a non-sterile 

extracellular matrix material; fashioning a plurality of graft products from the 

extracellular matrix material; packaging the products; subjecting the packaged 

products to a sterilization procedure that affects the level of extractable bioactive 

10 growth factor (FGF-2) or other non-collagenous protein material in the products; 

and, taking and testing sample products of the sterilized packaged products to 

determine a level of a growth factor (FGF-2) in the sample products, wherein said 

determined level is representative of an approximate level of said growth factor in 

other ones of said products from the lot from which the sample product was taken. 

15 In another aspect, the present invention provides a medical product that 

comprises a packaged, sterile animal-derived extracellular matrix material 

comprising FGF-2 at a level of at least about 50 nanograms per gram dry weight. 

Particularly preferred materials are lyophilized and/or include submucosa. 

Another aspect of the invention provides a packaged, sterile extracellular 

20 matrix material isolated from animal tissue and including components native to the 

tissue, the matrix material including collagen, growth factors, proteoglycans, 

glycosaminoglycans, and having extractable, bioactive FGF-2 at a level of at least 

about 50 nanograms per gram dry weight. 

Another aspect of the invention provides a method for manufacturing a 

25 sterile, extracellular matrix material. The method includes isolating an 

extracellular matrix material from animal tissue, the isolated extracellular matrix 

material including extractable FGF-2 at a first level; and, sterilizing the isolated 

extracellular matrix material under conditions to retain the extractable, bioactive 

FGF-2 in at least 10% of the first level. 

30 Another aspect of the invention provides a method for manufacturing 

medical products. The method includes providing extracellular matrix material in 
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non-sterile condition and isolated from animal tissue, the extracellular matrix 

material comprising extractable, bioactive FGF-2; packaging and sterilizing the 

extracellular matrix material to provide product lots each containing multiple, 

packaged extracellular matrix material products; taking sample products from the 

5 product lots; and testing the sample products to determine whether they include 

extractable, bioactive FGF-2 at a level above a predetermined level, e.g. above 

about 50 nanograms per gram dry weight. 

Another aspect of the invention provides a medical product adapted for 

treating wounds, the product including an extracellular matrix material isolated 

10 from animal tissue, the material including bioactive components useful to treat 

wounds including but not limited to FGF-2. The FGF-2 is present in the 

extracellular matrix material at a level of at least about 50 nanograms per gram dry 

weight. 

Another aspect of the invention relates to a medical product comprising a 

15 dry collagenous powder comprising extracellular mat1ix material, wherein the dry 

collagenous powder is effective to gel upon rehydration with an aqueous medium 

and comprises FGF-2 at a level of at least about 50 ng/g dry weight. 

In another aspect, the invention relates to a medical product comprising a 

fluid composition comprising solubilized or suspended collagenous extracellular 

20 matrix material, wherein the fluid composition comprises FGF-2 at a level of 

about 0.1 ng/ml to about 100 ng/ml. 

In another embodiment, the invention provides a method for disinfecting an 

aqueous extracellular matrix hydrolysate composition. The aqueous extracellular 

matrix hydrolysate composition is contacted with an oxidizing disinfectant for a 

25 period of time and under conditions sufficient to disinfect the aqueous extracellular 

matrix hydrolysate composition. 

Another aspect of the invention relates to a method for preparing a 

disinfected, extracellular matrix hydrolysate composition. This method comprises 

forming an aqueous extracellular matrix hydrolysate. A first dialysis step is 

30 conducted and includes dialyzing the aqueous extracellular matrix hydrolysate 

against an aqueous m(?dium containing an oxidizing disinfectant so as to contact 
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and disinfect the extracellular matrix hydrolysate with the oxidizing disinfectant 

and thereby form a disinfected extracellular matrix hydrolysate. A second dialysis 

step includes dialyzing the disinfected extracellular matrix hydrolysate under 

conditions to remove the oxidizing disinfectant. 

5 In another embodiment, the invention provides an extracellular matrix 

hydrolysate product having extracellular matrix components disinfected by contact 

of an aqueous medium containing the extracellular matrix hydrolysate with an 

oxidizing disinfectant. The extracellular matrix hydrolysate product can take on a 

variety of forms, including a dry powdery material, a non-gelled aqueous 

10 composition, a gel, or a sponge. 

Still another embodiment of the invention provides an extracellular matrix 

graft material that includes an extracellular matrix hydrolysate combined with 

extracellular matrix particles. In a preferred form, the graft material includes an 

aqueous medium having said extracellular matrix hydrolysate in a dissolved state 

15 with the extracellular matrix particles suspended therein, desirably wherein the 

medium exhibits gel-forming capacity. 

Another embodiment of the invention provides an extracellular matrix graft 

material that includes a sterile, injectable fluid extracellular matrix composition 

including an aqueous medium containing an extracellular matrix hydrolysate. The 

20 extracellular matrix hydrolysate is present in the composition at a level of at least 

about 20 mg/ml, for example in the range of about 20 mg/ml to about 200 mg/ml. 

Additional aspects as well as features and advantages of the invention will 

be apparent to those of ordinary skill in the art from the descriptions herein. 
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DETAILED DESCRIPTION 

For the purposes of promoting an understanding of the principles of the 

invention, reference will now be made to certain embodiments and specific 

language will be used to describe the same. It will nevertheless be understood that 

5 no limitation of the scope of the invention is thereby intended, such alterations and 

further modifications in the illustrated device, and such further applications of the 

principles of the invention as described herein being contemplated as would 

normally occur to one skilled in the art to which the invention relates. 

As disclosed above, in one aspect, the present invention provides packaged, 

10 sterile medical products including tissue grafts materials containing one or more 

growth factors, and methods for manufacturing the same. As for the tissue graft 

material used, it will desirably be a naturally-derived material such as an 

extracellular matrix (ECM) material. Preferred are naturally-derived collagenous 

ECMs isolated from suitable animal or human tissue sources. Suitable 

15 extracellular matrix materials include, for instance, submucosa (including for 

example small intestinal submucosa, stomach submucosa, urinary bladder 

submucosa, or uterine submucosa, each of these isolated from juvenile or adult 

animals), renal capsule membrane, amnion, dura mater, pericardium, serosa, 

peritoneum or basement membrane materials, including liver basement membrane 

20 or epithelial basement membrane materials. These materials may be isolated and 

used as intact natural sheet forms, or reconstituted collagen layers including 

collagen derived from these materials and/or other collagenous materials may be 

used. For additional information as to submucosa materials useful in the present 

invention, and their isolation and treatment, reference can be made to U.S. Patent 

25 Nos. 4,902,508, 5,554,389, 5,993,844, 6,206,931, and 6,099,567. Renal capsule 

membrane can also be obtained from warm-blooded vertebrates, as described more 

particularly in International Patent Application serial No. PCT/US02/20499 filed 

June 28, 2002, published January 9, 2003 as WO03002165. 

Preferred ECM base materials contain residual bioactive proteins or other 

30 ECM components derived from the tissue source of the materials. For example, 

they may contain Fibroblast Growth Factor-2 (basic FGF), Transforming Growth 
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Factor-beta (TGF-beta) and vascular endothelial growth factor (VEGF). It is also 

expected that ECM base materials of the invention may contain additional 

bioactive components including, for example, one or more of glycosaminoglycans, 

glycoproteins, proteoglycans, and/or growth factors. 

It has been discovered that the sterilization conditions utilized in the 

manufacture of tissue graft materials can significantly impact the level of one or 

more of such bioactive components or growth factors, including for example FGF-

2. Accordingly, in accordance with the invention, sterilization protocols can be 

selected and controlled to modulate the level of growth factors, for example by 

10 either intentionally reducing growth factor levels to a predetermined level or 

below, or to retain at least a given percentage or level of one or more growth 

factors, particularly FGF-2, in the material. In certain embodiments of the 

invention, the ECM or other graft material is processed to finished, packaged, 

sterile products containing FGF-2 at a level of at least 50 ng/g dry weight, or even 

15 at least about 60, at least about 70, at least about 80, or at least about 100 ng/g dry 

weight. In other embodiments of the invention, an ECM material will have a first 

level of a bioactive component, such as FGF-2 or another growth factor, after 

isolation from the animal or human donor source tissue and rinsing with a rinse 

agent such as water. The ECM material will thereafter be processed under 

20 controlled conditions, including sterilization, to provide packaged, sterile medical 

products containing at least about 10% of said first level of the FGF-2 or other 

bioactive component, or even at least 15%, 20%, 30% or even 50% or more of said 

first level. 

Illustratively, it has been found that sterilization protocols including 

25 ethylene oxide (EO) sterilization, electron beam (E-beam) radiation and gas plasma 

sterilization (e.g. Sterrad®) can significantly reduce levels of extractable, bioactive 

FGF-2. At the same time, these sterilization techniques have significantly lower or 

essentially no impact on levels of extractable, bioactive TGF-beta. 

Advantageously, the modulation of growth factors imparted by the sterilization 

30 technique can be used to affect and optimize levels of given growth factors, their 

ratios, etc., to prepare a graft material better suited for a particular medical 
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indication wherein the retained growth factor or growth factors are beneficial to the 

indication, and/or wherein eliminated growth factor or growth factors are 

deleterious to the medical indication. 

For example, FGF-2 is known to stimulate angiogenesis, neurite growth, 

5 plasminogen activator (PA) secretion, and matrix metalloproteinase 1 (MMP-1) 

production. Correspondingly, levels of FGF-2 can be retained and optimized for 

use in the graft material in wound healing (angiogenesis), treatment of nervous 

tissue (neurite outgrowth) including peripheral nervous tissue and central nervous 

tissue, modulating adhesion formation (by stimulating PA), and facilitating 

10 collagen turnover and degradation (by stimulating MMP-1 production). Thus, 

FGF-2 levels can be retained in the material as high as possible by selecting and 

optimizing the sterilization protocol. For instance, it has been found that non

sterile isolated submucosa layers (and in particular isolated from small intestine), 

contain relatively high levels of extractable, bioactive FGF-2. For example, 

15 submucosa tissue isolated from small intestine and minimally treated, e.g. only by 

rinsing, may be recovered so as to contain in excess of about 100 nanograms per 

gram of FGF-2 dry weight and potentially even higher levels such as above about 

200 or about 400 nanograms per gram. In manufacturing, it may be beneficial to 

retain as much of this FGF-2 in the material as possible. Thus, intermediate steps 

20 between the isolation of the original submucosa material and the finished, 

packaged medical article, can be selected and controlled so as to maintain as much 

active FGF-2 in the material as possible. 

As one example, an isolated, small intestinal submucosa material 

disinfected as described in US Patent No. 6,206,931 with peracetic acid may 

25 contain from about 70 to about 200 nanograms per gram (dry weight) of FGF-2. It 

has been found that sterilization treatments using ethylene oxide, E-beam, and gas 

plasma sterilization techniques significantly reduce the levels of FGF-2 in the 

disinfected material. Among these, E-beam sterilization had the smallest impact 

on FGF-2 levels, with E-beam sterilized submucosa having FGF-2 levels ranging 

30 from about 75 nanograms per gram dry weight to about 150 nanograms per gram 

dry weight, and generally retaining greater than about 50% of the FGF-2 level of 
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the disinfected submucosa material. Gas plasma sterilized material had an FGF-2 

level ranging from about 60 nanograms per gram dry weight to about 110 

nanograms per gram dry weight, and retaining at least 40% of the FGF-2 level of 

the disinfected submucosa material. Thus, in embodiments of the invention, 

5 materials sterilized using E-beam or gas plasma techniques are used in products 

configured for and methods for treating patients where relatively high FGF-2 levels 

are beneficial, for example wound healing, treatment of tissue of the nervous 

system, modulating adhesions, or facilitating collagen turnover and degradation. 

On the other hand, ethylene oxide sterilization at both low temperature and 

10 high temperature conditions had a more significant impact in reducing the FGF-2 

levels, with products typically having from about 10 to about 40 nanograms per 

gram of FGF-2 dry weight, and retaining less than about 40% of the FGF-2 level of 

the disinfected submucosa material (e.g. about 10% to about 40%). In this 

ethylene oxide work, the high temperature conditions tended to do have a slightly 

15 greater effect in reducing the FGF-2 levels than the low temperature conditions. 

Accordingly, in the ethylene oxide and potentially other sterilization techniques, 

the temperature may be increased or decreased to provide a respective higher or 

lower level of reduction of FGF-2 and/or other growth factors or non-collagenous 

ECM proteins. Similarly, the total dose of sterilant chemical or energy can be 

20 increased or decreased to provide a respective higher or lower level of reduction of 

FGF-2 and/or other growth factors or non-collagenous ECM proteins. Increased 

doses of sterilant can be achieved, for instance, through a longer, single exposure 

of the graft material to the sterilant, or through multiple, discreet exposures of the 

graft material to the sterilant. 

25 In accordance with the invention, in addition to controlling the sterilization 

protocol, a number of other manufacturing techniques can be undertaken to 

provide a packaged, sterilized graft product with a controlled level of one or more 

growth factors, including for example FGF-2. As a first measure, where it is 

desired to retain as high as possible a level of FGF-2, the animal-derived 

30 collagenous ECM can be processed and preserved from the time of harvest to the 

time at which FGF-2 or other growth factor is protected against further significant 
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degradation. For these purposes, the harvested tissue from which the ECM 

material is to be isolated may be placed soon or immediately after harvest in a 

stabilizing solution that prevents degradation of the product including for example, 

osmotic, hypoxic, autolytic, and/or proteolytic degradation. This solution can also 

5 protect against bacterial contamination. To achieve these effects, the stabilizing 

material may be a buffered solution of anti-oxidants, antibiotics, protease 

inhibitors, oncotic agents, or other stabilizing agents. 

Illustratively, enzymes (e.g. superoxide dismutase and catalase) may be 

used to neutralize the superoxide anion and hydrogen peroxide or compounds that 

10 can directly react with and neutralize other free-radical species. Antioxidants may 

be added and include tertiary buty1hydroquinone (BHT), alpha tocopherol, 

mannitol, hydroxyurea, glutathione, ascorbate, ethylenediaminetetraacetic acid 

(EDTA) and the amino acids histidine, proline and cysteine. In addition to 

antioxidants, the stabilizing solution may contain agents to inhibit hypoxic 

15 alteration to normal biochemical pathways, for example, allopurinol to inhibit 

xanthine dehydrogenase, lipoxigenase inhibitors, calcium channel blocking drugs, 

calcium binding agents, iron binding agents, metabolic intermediaries and 

substrates of adenosine triphosphate (ATP) generation. 

The stabilizing solution may also contain one or more antibiotics, 

20 antifungal agents, protease inhibitors, proteoglycans, and an appropriate buffer. 

Antibiotics can be used to inhibit or prevent bacterial growth and subsequent tissue 

infection. Antibiotics may be selected from the group of penicillin, streptomycin, 

gentamicin, kanamycin, neomycin, bacitracin, and vancomycin. Additionally, anti

fungal agents may be employed, including amphotericin-B, nystatin and 

25 polymyxin. 

Protease inhibitors may be included in the stabilizing solution to inhibit 

endogenous proteolytic enzymes which, when released, can cause irreversible 

degradation of the ECM, as well as the release of chemoattractant factors. These 

chemoattractants solicit the involvement of polymorphonuclear leukocytes, 

30 macrophages and other natural killer celis which generate a nonspecific immune 

response that can further damage the ECM. Protease inhibitors can be selected 
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from the group consisting of N-ethylmaleimide (NEM), phenylmethylsulfonyl 

fluoride (PMSF), ethylenediaminetetraacetic acid (EDTA), ethylene glycol-bis (2-

aminoethyl ether)-N,N,N',N'-tetraacetic acid (EGTA), leupeptin, ammonium 

chloride, elevated pH and apoprotinin. 

Glycosaminoglycans may be included in the stabilizing solution to provide 

a colloid osmotic balance between the solution and the tissue, thereby preventing 

the diffusion of endogenous glycosaminoglycans from the tissue to the solution. 

Endogenous glycosarninoglycans serve a variety of functions in collagen-based 

connective tissue physiology. They may be involved in the regulation of cell 

10 growth and differentiation (e.g. heparin sulfate and smooth muscle cells) or, 

alternatively, they are important in preventing pathological calcification (as with 

heart valves). Glycosaminoglycans are also involved in the complex regulation of 

collagen and elastin synthesis and remodeling, which is fundamental to connective 

tissue function. Glycosaminoglycans are selected from the group of chondroitin 

15 sulfate, heparin sulfate, and dermatan sulfate and hyaluronan. Non

glycosaminoglycan osmotic agents which may also be included are polymers such 

as dextran and polyvinyl pyrolodone (PVP) and amino acids such as glycine and 

proline. 

The stabilizing solution can also contain an appropriate buffer. The nature 

20 of the buffer is important in several aspects of the processing technique. 

Crystalloid, low osmotic strength buffers have been associated with damage 

occurring during saphenous vein procurement and with corneal storage. Optimum 

pH and buffering capacity against the products of hypoxia damage ( described 

below), is essential. fu this context the organic and bicarbonate buffers have 

25 distinct advantages. (fu red cell storage, acetate-citrate buffers with glycine and 

glucose have been shown to be effective in prolonging shelf-life and maintaining 

cellular integrity.) The inventors prefer to use an organic buffer selected from the 

group consisting of 2-(N-morpholino )ethanesulfonic acid (MES), 3-(N

morpholine )propanesulfonic acid (MOPS) and N-2-hydroxyethylpiperazine-N'-2-

30 ethane-sulfonic acid (HEPES). Alternatively, a low salt or physiological buffer, 
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including phosphate, bicarbonate and acetate-citrate, may be more appropriate in 

certain applications. 

In another aspect, components of the stabilizing solution address one or 

more of the events that occur during the harvesting of tissues, such as spasm, 

5 hypoxia, hypoxia reperfusion, lysosomal enzyme release, platelet adhesion, 

sterility and buffering conditions. Involuntary contraction of the smooth muscles 

can result from mechanical stretching or distension, as well as from the chemical 

action of certain endothelial cell derived contraction factors, typically released 

under hypoxic (low oxygen) conditions. This involuntary contraction may result in 

10 damage to the adjacent ECM. For this reason, the stabilizing solution can include 

one or more smooth muscle relaxants, selected from the group of calcitonin gene 

related peptide (CGRP), papaverine, sodium nitroprusside (NaNP), H7 (a protein 

Kinase C inhibitor) calcium channel blockers, calcium chelators, isoproterenol, 

phentolamine, pinacidil, isobutylmethylxanthine (IBMX), nifedepine and flurazine. 

15 The harvested tissue can be immediately placed into this stabilizing solution and is 

maintained at 4 °C. during transportation and any storage prior to further 

processing. 

The tissue graft material of the invention can be provided in any suitable 

form, including substantially two-dimensional sheet form (optionally meshed 

20 sheet), or a three-dimensional form such as a tube, valve leaflet, or the like. The 

tissue graft material may contain a single layer of isolated ECM material, or may 

be a multilaminate construct sized the same as its component layers (e.g. 

containing directly overlapped layers) or larger than its component layers (e.g. 

containing partially overlapped layers), see, e.g., U.S. Patent Nos. 5,885,619 and 

25 5,711,969. 

In another embodiment, the invention provides a medical product that 

includes a dry collagenous powder useful for example to treat wounds or to 

otherwise induce tissue growth at a desired implant location, and including an 

ECM material. The powder is desirably effective to gel upon rehydration with an 

30 aqueous medium and includes FGF-2 at a level of at least about 50 nanograms per 

gram dry weight. Illustratively, the powder can include a particulate ofECM 
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material prepared by drying a fluidized material prepared as described in US Patent 

Nos. 5,516,533 and 5,275,826. This resulting powder can be used alone or in 

combination with other powder materials to support gelling of the overall powder 

upon rehydration with an aqueous medium such as a buffered saline solution. In 

5 this regard, in addition to the particulate ECM material, the powder composition 

may also include powdered, purified collagen, gelatin, or the like, to assist in 

gelling the product upon rehydration. 

In one embodiment, the preparation of the powder will be conducted to 

include FGF-2 at a level of at least about 50 nanograms per gram dry weight, more 

10 preferably at least about 60, 70, 80, or 100 nanograms per gram dry weight. 

Resultant fluid compositions containing solubilized or suspended collagenous 

ECM materials will desirably be prepared to contain FGF-2 at a level of about 0.1 

nanograms per milliliter or greater, e.g. typically in the range of about 0.1 

nanograms per ml to about 100 nanograms per ml. This fluid composition is 

15 desirably gelable, for example upon incubation for a time after rehydration, which 

may be hastened by bringing the fluid composition to a relatively neutral pH and/or 

to body temperature from room temperature. In other embodiments, the fluidized 

medical product may contain FGF-2 at a level of about 1 to about 15 nanograms 

per ml, or may contain FGF-2 at a level of about 10 to about 30 nano grams per ml. 

20 As disclosed above, certain embodiments of the invention provide 

packaged, sterile medical products. Known packaging techniques and materials 

can be used in the manufacture of such products, with the packaging being selected 

to suit the final sterilization technique being employed, e.g. ethylene oxide gas, 

electron-beam, or gas plasma techniques. In addition, the packaging may contain 

25 or otherwise bear indicia relating to the use of the enclosed graft material for a 

particular medical indication, e.g. wound care, and/or may contain or otherwise 

bear indicia as to one or more growth factors (e.g. FGF-2) for which the product 

manufacture has been controlled to modulate its level, e.g. to reflect a minimum 

level of such growth factor, a maximum level of such growth factor, or a range of 

30 such growth factor contained in the enclosed tissue graft product. 
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In other embodiments, the present invention provides ECM gel 

compositions and methods and materials for their preparation, which can 

optionally also be used in conjunction with the techniques described above for 

modulating the level of one or more bioactive substances in the product, including 

5 for example growth factors such as FGF-2. The gel compositions of the invention 

can be prepared from an isolated ECM material, for example one of those listed 

above. The ECM material is used to prepare a solubilized mixture including 

components of the material. This can be achieved by digestion of the ECM 

material in an acidic or basic medium and/or by contact with an appropriate 

10 enzyme or combination of enzymes. 

Typically, the ECM material is reduced to particulate form to aid in the 

digestion step. This can be achieved by tearing, cutting, grinding or shearing the 

isolated ECM material. Illustratively, shearing may be conducted in a fluid 

medium, and grinding may be conducted with the material in a frozen state. For 

15 example, the material can be contacted with liquid nitrogen to freeze it for 

purposes of facilitating grinding into powder form. Such techniques can involve 

freezing and pulverizing submucosa under liquid nitrogen in an industrial blender. 

Any suitable enzyme may be used for an enzymatic digestion step. Such 

enzymes include for example serine proteases, aspartyl proteases, and matrix 

20 metalloproteases. The concentration of the enzyme can be adjusted based on the 

specific enzyme used, the amount of submucosa to be digested, the duration of the 

digestion, the temperature of the reaction, and the desired properties of the final 

product. In one embodiment about 0.1 % to about 0.2% of enzyme (pepsin, for 

example) is used and the digestion is conducted under cooled conditions for a 

25 period of time sufficient to substantially digest the ECM material. The digestion 

can be conducted at any suitable temperature, with temperatures ranging from 4-37 

°C being preferred. Likewise, any suitable duration of digestion can be used, such 

durations typically falling in the range of about 2-180 hours. The ratio of the 

concentration of ECM material (hydrated) to total enzyme usually ranges from 

30 about 25 to about 125 and more typically the ratio is about 50, and the digestion is 

conducted at 4° C for 24-72 hours. When an enzyme is used to aid in the digestion, 
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the digestion will be performed at a pH at which the enzyme is active and more 

advantageously at a pH at which the enzyme is optimally active. Illustratively, 

pepsin exhibits optimal activity at pH's in the range of about 2-4. 

The enzymes or other disruptive agents used to solubilize the ECM material 

5 can be removed or inactivated before or during the gelling process so as not to 

compromise gel formation or subsequent gel stability. Also, any disruptive agent, 

particularly enzymes, that remain present and active during storage of the tissue 

will potentially change the composition and potentially the gelling characteristics 

of the solution. Enzymes, such as pepsin, can be inactivated with protease 

10 inhibitors, a shift to neutral pH, a drop in temperature below 0° C, heat inactivation 

or through the removal of the enzyme by fractionation. A combination of these 

methods can be utilized to stop digestion of the ECM material at a predetermined 

endpoint, for example the ECM material can be immediately frozen and later 

fractionated to limit digestion. 

15 The ECM material is enzymatically digested for a sufficient time to 

produce a hydrolysate of ECM components. The ECM can be treated with one 

enzyme or with a mixture of enzymes to hydrolyze the structural components of 

the material and prepare a hydrolysate having multiple hydrolyzed components of 

reduced molecular weight. The length of digestion time is varied depending on the 

20 application, and the digestion can be extended to completely solubilize the ECM 

material. In some modes of operation, the ECM material will be treated 

sufficiently to partially solubilize the material to produce a digest composition 

comprising hydrolyzed ECM components and nonhydrolyzed ECM components. 

The digest composition can then optionally be further processed to remove at least 

25 some of the nonhydrolyzed components. For example, the nonhydrolyzed 

components can be separated from the hydrolyzed portions by centrifugation, 

filtration, or other separation techniques known in the art. 

Preferred gel compositions of the present invention are prepared from 

enzymatically digested vertebrate ECM material that has been fractionated under 

30 acidic conditions, for example including pH ranging from about 2 to less than 7, 

especially to remove low molecular weight components. Typically, the ECM 
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hydrolysate is fractionated by dialysis against a solution or other aqueous medium 

having an acidic pH, e.g. a pH ranging from about 2 to about 5, more desirably 

greater than 3 and less than 7. In addition to fractionating the hydrolysate under 

acidic conditions, the ECM hydrolysate is typically fractionated under conditions 

5 of low ionic strength with minimal concentrations of salts such as those usually 

found in standard buffers such as PBS (i.e. NaCl, KCl, Na2HPO4, or KH2PO4) 

that can pass through the dialysis membrane and into the hydrolysate. Such 

fractionation conditions work to reduce the ionic strength of the ECM hydrolysate 

and thereby provide enhanced gel forming characteristic~. 

10 The hydrolysate solution produced by enzymatic digestion of the ECM 

material has a characteristic ratio of protein to carbohydrate. The ratio of protein 

to carbohydrate in the hydrolysate is determined by the enzyme utilized in the 

digestion step and by the duration of the digestion. The ratio may be similar to or 

may be substantially different from the protein to carbohydrate ratio of the 

15 undigested ECM tissue. For example, digestion of vertebrate ECM material with a 

protease such as pepsin, followed by dialysis, will form a fractionated ECM 

hydrolysate having a lower protein to carbohydrate ratio relative to the original 

ECM material. 

In accordance with certain embodiments of the invention, shape retaining 

20 gel forms of ECM are prepared from ECM material that has been enzymatically 

digested and fractionated under acidic conditions to form an ECM hydrolysate that 

has a protein to carbohydrate ratio different than that of the original ECM material. 

Such fractionation can be achieved entirely or at least in part by dialysis. The 

molecular weight cut off of the ECM components to be included in the gel material 

25 is selected based on the desired properties of the gel. Typically the molecular 

weight cutoff of the dialysis membrane (the molecular weight above which the 

membrane will prevent passage of molecules) is within in the range of about 2000 

to about 10000 Dalton, and more preferably from about 3500 to about 5000 

Dalton. 

30 In one embodiment of the invention, apart from the potential removal of 

undigested ECM components after the digestion step and any controlled 
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fractionation to remove low molecular weight components as discussed above, the 

ECM hydrolysate is processed so as to avoid any substantial further physical 

separation of the ECM components. For example, when a more concentrated ECM 

hydrolysate material is desired, this can be accomplished by removing water from 

5 the system (e.g. by evaporation or lyophilization) as opposed to using conventional 

"salting out"/centrifugation techniques that would demonstrate significant 

selectivity in precipitating and isolating collagen, leaving behind amounts of other 

desired ECM components. Thus, in certain embodiments of the invention, 

solubilized ECM components of the ECM hydrolysate remain substantially 

10 unfractionated, or remain substantially unfractionated above a predetermined 

molecular weight cutoff such as that used in the dialysis membrane, e.g. above a 

given value in the range of about 2000 to 10000 Dalton, more preferably about 

3500 to about 5000 Dalton. 

Vertebrate ECM material can be stored frozen (e.g. at about -20 to about -

15 80°C.) in either its solid, comminuted or enzymatically digested forms prior to 

formation of the gel compositions of the present invention, or the material can be 

stored after being hydrolyzed and fractionated. The ECM material can be stored in 

solvents that maintain the collagen in its native form and solubility. For example, 

one suitable storage solvent is 0.01 M acetic acid, however other acids can be 

20 substituted, such as 0.01 N HCI. In accordance with one embodiment the 

fractionated ECM hydrolysate is dried (by lyophilization, for example) and stored 

in a dehydrated/lyophilized state. The dried form can be rehydrated and gelled to 

form a gel of the present invention. 

In accordance with one embodiment, the fractionated ECM hydrolysate will 

25 exhibit the capacity to gel upon adjusting the pH of a relatively more acidic 

aqueous medium containing it to about 5 to about 9, more preferably about 6.6 to 

about 8.0, and typically about 7.2 to about 7.8, thus inducing fibrillogenesis and 

matrix gel assembly. In one embodiment, the pH of the fractionated hydrolysate is 

adjusted by the addition of a buffer that does not leave a toxic residue, and has a 

30 physiological ion concentration and the capacity to hold physiological pH. 

Examples of suitable buffers include PBS, HEPES, and DMEM. In one 
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embodiment the pH of the fractionated ECM hydrolysate is raised by the addition 

of a buffered NaOH solution to 6.6 to 8.0, more preferably 7.2 to 7 .8. Any suitable 

concentration of NaOH solution can be used for these purposes, for example 

including about 0.05 M to about 0.5 M NaOH. In accordance with one 

5 embodiment, the ECM hydrolysate is mixed with a buffer and sufficient 0.25 N 

NaOH is added to the mixture to achieve the desired pH. If desired at this point, 

the resultant mixture can be aliquoted into appropriate forms or into designated 

cultureware and incubated at 37° C for 0.5 to 1.5 hours to form an ECM gel. 

The ionic strength of the ECM hydrolysate is believed to be important in 

10 maintaining the fibers of collagen in a state that allows for fibrillogenesis and 

matrix gel assembly upon neutralization of the hydrolysate. Accordingly, if 

needed, the salt concentration of the ECM hydrolysate material can be reduced 

prior to neutralization of the hydrolysate. The neutralized hydrolysate can be 

caused to gel at any suitable temperature, e.g. ranging from about 4°C to about 

15 40°C. The temperature will typically affect the gelling times, which may range 

from 5 to 120 minutes at the higher gellation temperatures and 1 to 8 hours at the 

lower gellation temperatures. Typically, the hydrolysate will be gelled at elevated 

temperatures to hasten the gelling process, for example at 37°C. In this regard, 

preferred neutralized ECM hydrolysates will be effective to gel in less than about 

20 ninety minutes at 37°C, for example approximately thirty to ninety minutes at 

37°C. Alternatively, the gel can be stored at 4°C, and under these conditions the 

setting of the gel will be delayed, e.g. for about 3-8 hours. 

Additional components can be added to the hydrolysate composition 

before, during or after forming the gel. For example, proteins carbohydrates, 

25 growth factors, therapeutics, bioactive agents, nucleic acids, cells or 

pharmaceuticals can be added. In certain embodiments, such materials are added 

prior to formation of the gel. This may be accomplished for example by forming a 

dry mixture of a powdered ECM hydrolysate with the additional component(s), 

and then reconstituting and gelling the mixture, or by incorporating the additional 

30 component(s) into an aqueous, ungelled composition of the ECM hydrolysate 
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before, during (e.g. with) or after addition of the neutralization agent. In other 

embodiments, the additional component(s) are added to the formed ECM gel, e.g. 

by infusing or mixing the component(s) into the gel and/or coating them onto the 

gel. 

In one embodiment of the invention, a particulate ECM material will be 

added to the hydrolysate composition, which will then be incorporated in the 

formed gel. Such particulate ECM materials can be prepared by cutting, tearing, 

grinding or otherwise comminuting an ECM starting material. For example, a 

particulate ECM material having an average particle size of about 50 microns to 

10 about 500 microns may be included in the hydrolysate, more preferably about 100 

microns to about 400 microns. The ECM particulate can be added in any suitable 

amount relative to the hydrolysate, with preferred ECM particulate to ECM 

hydrolysate weight ratios (based on dry solids) being about 0.1:1 to about 200:1, 

more preferably in the range of 1:1 to about 100:1. The inclusion of such ECM 

15 particulates in the ultimate gel can serve to provide additional material that can 

function to provide bioactivity to the gel (e.g. itself including FGF-2 and/or other 

growth factors or bioactive substances as discussed herein) and/or serve as 

scaffolding material for tissµe ingrowth. 

In certain embodiments, an ECM hydrolysate material to be used in tissue 

20 augmentation, e.g. in functional or cosmetic purposes, will incorporate an ECM 

particulate material. In these embodiments, the ECM particulate material can be 

included at a size and in an amount that effectively retains an injectable character 

to the hydrolysate composition, for example by injection through a needle having a 

size in the range of 18 to 31 gauge (internal diameters of 0.047 inches to about 

25 0.004 inches). In this fashion, non-invasive procedures for tissue augmentation 

will be provided, which in preferred cases will involve the injection of an ungelled 

ECM hydrolysate containing suspended ECM particles at a relatively lower (e.g. 

room) temperature, which will be promoted to form a gelled composition when 

injected into a patient and thereby brought to physiologic temperature (about 

30 37°c). 
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In other aspects of the invention, it has been discovered that processing 

techniques that involve contacting the ECM material with a disinfecting oxidizing 

agent compound can significantly affect not only the concentration of bioactive 

substances but also the gelling quality of the collagen molecules. In particular, it 

5 has been found that contacting an ECM material with an oxidizing agent such as 

peracetic acid prior to digestion to form the ECM hydrolysate can disrupt or impair 

the ability of ECM hydrolysate to form a gel. On the other hand, contacting an 

aqueous medium including ECM hydrolysate components with an oxidizing 

disinfectant such as a peroxy compound provides an improved ability to recover a 

10 disinfected ECM hydrolysate that exhibits the capacity to form beneficial gels. In 

accordance with one embodiment of the invention, an aqueous medium containing 

ECM hydrolysate components is disinfected by providing a peroxy disinfectant in 

the aqueous medium. This is advantageously achieved using dialysis to deliver the 

peroxy disinfectant into and/or to remove the peroxy disinfectant from the aqueous 

15 medium containing the hydrolysate. In one preferred embodiment, the aqueous 

medium containing the ECM hydrolysate is dialyzed against an aqueous medium 

containing the peroxy disinfectant to deliver the disinfectant into contact with the 

ECM hydrolysate, and then is dialyzed against an appropriate aqueous medium 

(e.g. an acidic aqueous medium) to at least substantially remove the peroxy 

20 disinfectant from the ECM hydrolysate. During this dialysis step, the peroxy 

compound passes through the dialysis membrane and into the ECM hydrolysate, 

and contacts ECM components for a sufficient period of time to disinfect the ECM 

components of the hydrolysate. In this regard, typical contact times will range 

from about 0.5 hours to about 8 hours and more typically about 1 hour to about 4 

25 hours. The period of contact will be sufficient to substantially disinfect the digest, 

including the removal of endotoxins and inactivation of virus material present. 

The removal of the peroxy disinfectant by dialysis may likewise be conducted over 

any suitable period of time, for example having a duration of about 4 to about 180 

hours, more typically about 24 to about 96 hours. In general, the disinfection step 

30 will desirably result in a disinfected ECM hydrolysate composition having 

sufficiently low levels of endotoxins, viral burdens, and other contaminant 
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materials to render it suitable for medical use. Endotoxin levels below about 2 

endotoxin units (EUs) per gram (dry weight) are preferred, more preferably below 

about 1 EU per gram, as are virus levels below 100 plaque forming units per gram 

(dry weight), more preferably below 1 plaque forming unit per gram. 

5 In one embodiment, the aqueous ECM hydrolysate composition is a 

substantially homogeneous solution during the dialysis step for delivering the 

oxidizing disinfectant to the hydrolysate composition and/or during the dialysis 

step for removing the oxidizing disinfectant from the hydrolysate composition. 

Alternatively, the aqueous hydrolysate composition can include suspended ECM 

10 hydrolysate particles, optionally in combination with some dissolved ECM 

hydrolysate components, during either or both of the oxidizing disinfectant 

delivery and removal steps. Dialysis processes in which at least some of the ECM 

hydrolysate components are dissolved during the disinfectant delivery and/or 

removal steps are preferred and those in which substantially all of the ECM 

15 hydrolysate components are dissolved are more preferred. 

The disinfection step can be conducted at any suitable temperature, and will 

typically be conducted between 0°C and 37°C, more typically between about 4°C 

and about 15°C. During this step, the concentration of the ECM hydrolysate solids 

in the aqueous medium is typically in the range of about 2 mg/ml to about 200 

20 mg/ml, and may vary somewhat through the course of the dialysis due to the 

migration of water through the membrane. In certain embodiments of the 

invention, a relatively unconcentrated digest is used, having a starting ECM solids 

level of about 5 mg/ml to about 15 mg/ml. In other embodiments of the invention, 

a relatively concentrated ECM hydrolysate is used at the start of the disinfection 

25 step, for example having a concentration of at least about 20 mg/ml and up to 

about 200 mg/ml, more preferably at least about 100 mg/ml and up to about 200 

mg/ml. It has been found that the use of concentrated ECM hydrolysates during 

this disinfection processing results in an ultimate gel composition having higher 

gel strength than that obtained using similar processing with a lower concentration 

30 ECM hydrolysate. Accordingly, processes which involve the removal of amounts 

of water from the ECM hydrolysate resulting from the digestion prior to the 
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disinfection processing step are preferred. For example, such processes may 

include removing only a portion of the water (e.g. about 10% to about 98% by 

weight of the water present) prior to the dialysis/disinfection step, or may include 

rendering the digest to a solid by drying the material by lyophilization or 

5 otherwise, reconstituting the dried material in an aqueous medium, and then 

treating that aqueous medium with the dialysis/disinfection step. 

Certain impacts of dialysis processing conditions upon ECNI hydrolysate 

gels are illustrated in specific work to date described more particularly in 

Examples 2-5 belo\V. Generally, several different submucosa hydrolysates were 

IO prepared while varying the acid present during pepsin digestion and varying the 

concentration of ECM hydrolysate present during dialysis against a peracetic acid 

(PAA) solution. Specifically, a first gel (Al) was prepared using 0.5 M acetic acid 

in the pepsin digestion solution, and about 5-15 mg/ml ECM hydrolysate during 

the PAA disinfection; a second gel (A2) was prepai-ed using 0.5 M acetic acid in 

15 the pepsin digestion solution, and about 130-150 mg/ml ECM hydrolysate during 

the PAA disinfection; a third gel (HI) was prepared using 0.01 lv.I hydrochloric 

acid in the pepsin digestion solution, and about 5-15 mg/ml ECM hydrolysate 

during the PAA disinfection; and a fourth gel (H2) was prepared using 0.01 M 

hydrochloric acid in the pepsin digestion solution, and about 130-150 mg/ml ECM 

20 hydrolysate during the PAA disinfection. The processed ECM hydrolysates were 

provided in a solution of 0.1 M HCl at a concentration of about 30 mg/ml, and then 

PBS ,vas added and the pH of the mixture was adjusted to 7.5-7.6 with 0.25 M 

NaOH to gel the composition. The mechanical properties of the vaiious gels were 

then assessed. The results are summarized in Table 1 below. 

25 Table 1 

Gel Compressive Modulus (kPa) Compressive Strength (kPa 

Al 1 0.5 

A2 7 2 

Hl 10 3 

H2 20 7 
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As can be seen, the gels prepared using high submucosa hydrolysate 

concentrations during the disinfection step (A2,H2) were relatively stronger than 

those prepared using low submucosa hydrolysate concentrations (Al, Hl). In 

addition, in cell growth assays, the A2 and H2 gels demonstrated an improved 

5 capacity to support the proliferation of primary human dermal fibroblast and 

primary human bladder smooth muscle cells as compared to the Al and Hl gels. 

In other observations, the gels prepared from ECM hydrolysate materials resultant 

of HCI/pepsin digestion were relatively stronger than the corresponding gels 

resultant of acetic acid/pepsin digestion. Thus, the conditions used during the 

10 preparation and processing of ECM hydrolysate materials can be selected and 

controlled to modulate the physical and biological properties of the ultimate ECM 

gel compositions. 

In one mode of operation, the disinfection of the aqueous medium 

containing the ECM hydrolysate can include adding the peroxy compound or other 

15 oxidizing disinfectant directly to the ECM hydrolysate, for example being included 

in an aqueous medium used to reconstitute a dried ECM hydrolysate or being 

added directly to an aqueous ECM hydrolysate composition. The disinfectant can 

then be allowed to contact the ECM hydrolysate for a sufficient period of time 

under suitable conditions (e.g. as described above) to disinfect the hydrolysate, and 

20 then removed from contact with the hydrolysate. In one embodiment, the 

oxidizing disinfectant can then be removed using a dialysis procedure as discussed 

above. In other embodiments, the disinfectant can be partially or completely 

removed using other techniques such as chromatographic or ion exchange 

techniques, or can be partially or completely decomposed to physiologically 

25 acceptable components. For example, when using an oxidizing disinfectant 

containing hydrogen peroxide (e.g. hydrogen peroxide alone or a peracid such as 

peracetic acid), hydrogen peroxide can be allowed or caused to decompose to 

water and oxygen, for example in some embodiments including the use of agents 

that promote the decomposition such as thermal energy or ionizing radiation, e.g. 

30 ultraviolet radiation. 
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In another mode of operation, the oxidizing disinfectant can be delivered 

into the aqueous medium containing the ECM hydrolysate by dialysis and 

processed sufficiently to disinfect the hydrolysate (e.g. as described above), and 

then removed using other techniques such as chromatographic or ion exchange 

5 techniques in whole or in part, or allowed or caused to decompose in whole or in 

part as discussed immediately above. 

Peroxygen compounds that may be used in the disinfection step include, 

for example, hydrogen peroxide, organic peroxy compounds, and preferably 

peracids. Such disinfecting agents are used in a liquid medium, preferably a 

10 solution, having a pH of about 1.5 to about 10.0, more desirably about 2.0 to about 

6.0. As to peracid compounds that can be used, these include peracetic acid, 

perpropioic acid, or perbenzoic acid. Peracetic acid is the most preferred 

disinfecting agent for purposes of the present invention. 

When used, peracetic acid is desirably diluted into about a 2% to about 

15 50% by volume of alcohol solution, perferably ethanol. The concentration of the 

peracetic acid may range, for instance, from about 0.05% by volume to about 1.0% 

by volume. Most preferably, the concentration of the peracetic acid is from about 

0.1 % to about 0.3% by volume. When hydrogen peroxide is used, the 

concentration can range from about 0.05% to about 30% by volume. More 

20 desirably the hydrogen peroxide concentration is from about 1 % to about 10% by 

volume, and most preferably from about 2% to about 5% by volume. The solution 

may or may not be buffered to a pH from about 5 to about 9, with more preferred 

pH's being from about 6 to about 7 .5. These concentrations of hydrogen peroxide 

can be diluted in water or in an aqueous solution of about 2% to about 50% by 

25 volume of alcohol, most preferably ethanol. Additional information concerning 

preferred peroxy disinfecting agents can be found in discussions in U.S. Patent No. 

6,206,931, which is herein incorporated by reference. 

ECM gel materials of the present invention can be prepared to have 

desirable properties for handling and use. For example, fluidized ECM 

30 hydrolysates can be prepared in an aqueous medium, which can thereafter be 

caused or allowed to form of a gel. Such prepared aqueous mediums can have any 

Regeneron Exhibit 1068.052 
Regeneron v. Novartis 

IPR2020-01317



WO 2005/020847 PCT/US2004/027557 

25 

suitable level ofECM hydrolysate therein for subsequent gel formation. Typically, 

the ECM hydrolysate will be present in the aqueous medium to be gelled at a 

concentration of about 2 mg/ml to about 200 mg/ml, more typically about 20 

mg/ml to about 200 mg/ml, and in some preferred embodiments about 30 mg/ml to 

5 about 120 mg/ml. In preferred forms, the aqueous ECM hydrolysate composition 

to be gelled will have an injectable character, for example by injection through a 

needle having a size in the range of 18 to 31 gauge (internal diameters of about 

0.047 inches to about 0.004 inches). 

Furthermore, gel compositions can be prepared so that in addition to 

10 neutralization, heating to physiologic temperatures (such as 37°C) will 

substantially reduce the gelling time of the material. As well, once the material is 

gelled, it can optionally be dried to form a sponge solid material. It is 

contemplated that commercial products may constitute any of the these forms of 

the ECM gel composition, e.g. (i) packaged, sterile powders which can be 

15 reconstituted in an acidic medium and neutralized and potentially heated to form a 

gel, (ii) packaged, sterile aqueous compositions including solubilized ECM 

hydrolysate components under non-gelling (e.g. acidic) conditions; (iii) packaged, 

sterile gel compositions, and (iv) packaged, sterile, dried sponge compositions; or 

other suitable forms. In one embodiment of the invention, a medical kit is 

20 provided that includes a packaged, sterile aqueous composition including 

solubilized ECM hydrolysate components under non-gelling (e.g. acidic) 

conditions, and a separately packaged, sterile aqueous neutralizing composition 

(e.g. containing a buffer and/or base) that is adapted to neutralize the ECM 

hydrolysate medium for the formation of a gel. In another embodiment of the 

25 invention, a medical kit includes a packaged, sterile, dried (e.g. lyophilized) ECM 

hydrolysate powder, a separately packaged, sterile aqueous acidic reconstituting 

medium, and a separately packaged sterile, aqueous neutralizing medium. In use, 

the ECM hydrolysate powder can be reconstituted with the reconstituting medium 

to form a non-gelled mixture, which can then be neutralized with the neutralizing 

30 medium for the formation of the gel. 
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Medical kits as described above may also include a device, such as a 

syringe, for delivering the neutralized ECM hydrolysate medium to a patient. In 

this regard, the sterile, aqueous ECM hydrolysate medium or the sterile ECM 

hydrolysate powder of such kits can be provided packaged in a syringe or other 

5 delivery instrument. In addition, the sterile reconstituting and/or neutralizing 

medium can be packaged in a syringe, and means provided for delivering the 

contents of the syringe into to another syringe containing the aqueous ECM 

hydrolysate medium or the ECM hydrolysate powder for mixing purposes. In still 

other forms of the invention, a self-gelling aqueous ECM hydrolysate composition 

10 can be packaged in a container (e.g. a syringe) and stable against gel formation 

during storage. For example, gel formation of such products can be dependent 

upon physical conditions such as temperature or contact with local milieu present 

at an implantation site in a patient. Illustratively, an aqueous ECM hydrolysate 

composition that does not gel or gels only very slowly at temperatures below 

15 physiologic temperature (about 37°C) can be packaged in a syringe or other 

container and potentially cooled (including for example frozen) prior to use for 

injection or other implantation into a patient. 

In particular applications, ECM hydrolysate compositions that form 

hydrogels at or near physiologic pH and temperature will be preferred for in vivo 

20 bulking applications, for example in the treatment of stress urinary incontinence, 

gastroesophageal reflux disease, cosmetic surgery, vesico urethral reflux, anal 

incontinence and vocal cord repair. These forms of the submucosa or other ECM 

gel have, in addition to collagen, complex extracellular matrix sugars and varying 

amounts of growth factors in other bioactive agents that can serve to remodel tissue 

25 at the site of implantation. These ECM hydrolysate compositions can, for 

example, be injected into a patient for these applications. 

30 

ECM gels and dry sponge form materials of the invention prepared by 

drying ECM gels can be used, for example, in wound healing and/or tissue 

reconstructive applications, or in the culture of cells. 

Generally, it has been found that the manipulations used to prepare ECM 

hydrolysate compositions and gellable or gelled forms thereof can also have a 
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significant impact upon growth factors or other ECM components that may 

contribute to bioactivity. Techniques for modulating and sampling for levels of 

FGF-2 or other growth factors or bioactive substances can also be used in 

conjunction with the manufacture of the described ECM hydrolysate compositions 

5 of the invention. Illustratively, it has been discovered that the dialysis/disinfection 

processes of the invention employing peroxy compounds typically cause a . 

reduction in the level ofFGF-2 in the ECM hydrolysate material. In work to date 

as described in Examples 2-5, such processing using peracetic acid as disinfectant 

has caused a reduction in the level of FGF-2 in the range of about 30% to about 

10 50%. Accordingly, to retain higher levels of FGF-2, one can process for a minimal 

about of time necessary to achieve the desired disinfection of the material; on the 

other hand, to reduce the FGF-2 to lower levels, the disinfection processing can be 

continued for a longer period of time. In one embodiment of the invention, the 

disinfection process and subsequent steps will be sufficiently conducted to result in 

15 a medically sterile aqueous ECM hydrolysate composition, which can be packaged 

using sterile filling operations. In other embodiments, any terminal sterilization 

applied to the ECM hydrolysate material (e.g. in dried powder, non-gelled aqueous 

medium, gelled or sponge form) can also be selected and controlled to optimize the 

level of FGF-2 or other bioactive substances in the product. Terminal sterilization 

20 methods may include, for example, high or low temperature ethylene oxide, 

radiation such as E-beam, gas plasma (e.g. Sterrad), or hydrogen peroxide vapor 

processing. 

Preferred, packaged, sterilized ECM hydrolysate products prepared in 

accordance with the invention will have an FGF-2 level (this FGF-2 being 

25 provided by the ECM hydrolysate) of about 100 ng/g to about 5000 ng/g based 

upon the dry weight of the ECM hydrolysate. More preferably, this value will be 

about 300 ng/g to about 4000 ng/g. As will be understood, such FGF-2 levels can 

be determined using standard ELISA tests (e.g. using the Quantikine Human Basic 

Fibroblast Growth Factor ELISA kit commercially available from R&D Systems). 

30 In order to promote a further understanding of the present invention and its 

features and advantages, the following specific examples are provided. ·11 will be 
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understood that these examples are illustrative and are not limiting of the 

invention. 

EXAMPLE! 

5 Small intestinal submucosa material was harvested and disinfected with 

peracetic acid as described in U.S. Patent No. 6,206,931. The submucosa material 

was lyophilized, packaged in medical packaging comprised of polyester/Tyvek and 

sterilized by various methods including ethylene oxide (BO), gas plasma (hydrogen 

peroxide vapor), and E-beam radiation (20 kGy (plus/minus 2 kGy). The resultant 

10 submucosa material was frozen in liquid nitrogen and ground to a powder. The 

material was then extracted with an extraction buffer containing 2M urea, 2.5 

mg/ml heparin, and 50 mM Tris buffer, at pH 7 .5 at 4 °C under constant stirring for 

24 hours. After 24 hours, the extraction medium was transferred to centrifuge 

tubes and the insoluble fraction pelleted at 12000 X G. The supernatant was 

15 transferred to dialysis tubing (MW cutoff 3500) and dialyzed exhaustively against 

high purity (18 megaohm) water. Following dialysis the dialysate was centrifuged 

at 12000 X G to remove any additional particulate matter and the resulting soluble 

extract was lyophilized. Prior to measurement the extract was reconstituted at 10 

mg/dry weight per ml in the manufacturer-provided diluent (R&D Systems). 

20 Samples were centrifuged to remove any insoluble matter. The resulting 

supernatents were recovered and assayed for FGF-2 content using the Quantikine 

Human Basic Fibroblast Growth Factor Immunoassay (R&D Systems). The 

results are summarized in Table 2 below. 
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TABLE2 

BUSA Summary- CBI 

Extracted Tissues 

Sterilization Growth factor range (ng/g) % of Non-sterile* 

NONE 100-210 100 

EO (low temp) 28-50 24 

EO (high temp) 18-40 18 

E-beam 50-150 66 

Gas Plasma 30-125 49 

* based upon the average of 8 experiments. 

As can be seen, E-beam and gas plasma sterilization had a significantly 

5 lower impact in reducing the level of extractable, bioactive FGF-2 in the materials. 

10 

On the other hand, ethylene oxide sterilization at both low and high temperatures 

had a significant impact in lowering the level of extractable, bioactive FGF-2. 

EXAMPLE2 

Raw (isolated/washed but non-disinfected) porcine small intestine 

submucosa was frozen, cut into pieces, and cryoground to powder with liquid 

nitrogen. 50 g of the submucosa powder was mixed with one liter of a digestion 

solution containing 1 g of pepsin and 0.5 M acetic acid. The digestion process was 

allowed to continue for 48-72 hours under constant stirring at 4°C. At the end of 

15 the process, the digest was centrifuged to remove undigested material. The acetic 

acid was then removed by dialysis against 0.01 M HCl for approximately 96 hours 

at 4°C. The resulting digest was transfen-ed (without concentration) into a 

semipermeable membrane with a molecular weight cut off of 3500, and dialyzed 

for two hours against a 0.2 percent by volume peracetic acid in a 5 percent by 

20 volume aqueous ethanol solution at 4 °C. This step served both to disinfect the 

submucosa digest and to fractionate the digest to remove components with 
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molecular weights below 3500. The PAA-treated digest was then dialysed against 

0.01 M HCl for 48 hours at 4°C to remove the peracetic acid. The sterilized digest 

was concentrated by lyophilization, forming a material that was reconstituted at 

about 30 mg/ml solids in 0.01 M HCI and neutralized with phosphate buffered 

5 NaOH to a pH of about 7 .5-7 .6 and heated to physiologic temperature to form a 

submucosa gel. 

EXAMPLE3 

A second acetic acid processed submucosa gel was made using a process 

10 similar to that described in Example 2 above, except concentrating the digest prior 

to the PAA treatment. Specifically, immediately following the removal of acetic 

acid by dialysis, the digest was lyophilized to dryness. A concentrated paste of the 

digest was made by dissolving a pre-weighed amount of the lyophilized product in 

a known amount of 0.01 M HCl to prepare a mixture having an ECM solids 

15 concentration of about 50 mg/ml. The concentrated paste was then dialysed 

against the PAA solution for 2 hours and then against 0.01 M HCl for removal of 

PAA in the same manner described in Example 2. The digest was adjusted to 

about 30 mg/ml solids and neutralized with phosphate buffered NaOH to a pH of . 

about 7 .5-7 .6 and heated to physiologic temperature to form a submucosa gel. 

20 

EXAMPLE4 

An HCl processed submucosa gel was made using a procedure similar to 

that described in Example 2, except using 0.01 M of HCl in the pepsin/digestion 

solution rather than the 0.5 M of acetic acid, and omitting the step involving 

25 removal of acetic acid since none was present. The digest was used to form a gel as 

described in Example 2. 

EXAMPLES 

Another HCl processed submucosa gel was made using a procedure similar 

30 to that described in Example 3, except using 0.01 M of HCl in the pepsin/digestion 

solution rather than the 0.5 M of acetic acid, and omitting the step involving 
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removal of acetic acid since none was present. The digest was used to form a gel as 

described in Example 3. 

While the invention has been illustrated and described in detail in the 

5 drawings and foregoing description, the same is to be considered as illustrative and 

not restrictive in character, it being understood that only the preferred embodiment 

has been shown and described and that all changes and modifications that come 

within the spirit of the invention are desired to be protected. In addition, all 

publications cited in this application are indicative of the abilities possessed by 

10 those of ordinary skill in the pertinent art and are hereby incorporated by reference 

in their entirety as if each had been individually incorporated by reference and 

fully set forth. 
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WHAT IS CLAIMED IS: 

1. A medical product, comprising a packaged, sterile animal-derived 

extracellular matrix material comprising extractable, bioactive Fibroblast Growth 

5 Factor-2 (FGF-2) at a level of at least about 50 ng/g dry weight. 

2. The medical product of claim 1, wherein the extracellular matrix 

material comprises submucosa. 

3. The medical product of claim 2, wherein the submucosa is small 

intestinal submucosa. 

10 4. The medical product of claim 2 or 3, wherein the submucosa is 

porcine. 

5. The medical product of any of claims 1-4, wherein the FGF-2 is 

present at a level of at least about 60 ng/g dry weight. 

6. The medical product of any of claims 1-4, wherein the FGF-2 is 

15 present at a level of at least about 70 ng/g dry weight. 

7. The medical product of any of claims 1-4, wherein the FGF-2 is 

present at a level of at least about 80 ng/ g dry weight. 

8. The medical product of any of claims 1-4, wherein the FGF-2 is 

present at a level of at least about 100 ng/g dry weight. 

20 9. The medical product of any of claims 1-8, wherein the extracellular 

matrix material has been sterilized with radiation. 

10. The medical product of claim 9, wherein the material has been 

sterilized with e-beam radiation. 

11. A medical product, comprising a packaged, sterile extracellular matrix 

25 material isolated from animal tissue and comprising components native to said 

tissue including collagen, growth factors, proteoglycans, and glycosaminoglycans, 

and having extractable, bioactive Fibroblast Growth Factor-2 (FGF-2) at a level of 

at least about 50 ng/g dry weight. 

12. The medical product of claim 11, wherein the extracellular matrix 

30 material comprises submucosa. 
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13. The medical product of claim 12, wherein the submucosa is small 

intestinal submucosa. 

14. The medical product of claim 12 or 13, wherein the submucosa is 

porcine. 

5 15. The medical product of any of claims 11-14, wherein the FGF-2 is 

present at a level of at least about 60 ng/ g dry weight. 

16. The medical product of any of claims 11-14, wherein the FGF-2 is 

present at a level of at least about 70 ng/g dry weight. 

17. The medical product of any of claims 11-14, wherein the FGF-2 is 

10 present at a level of at least about 80 ng/g dry weight. 

18. The medical product of any of claims 11-14, wherein the FGF-2 is 

present at a level of at least about 100 ng/ g dry weight. 

19. The medical product of any of claims 11-18, wherein the 

extracellular matrix material has been sterilized with radiation. 

15 20. The medical product of claim 19, wherein the material has been 

sterilized withe-beam radiation. 

21. A method for manufacturing a sterile, extracellular matrix material, 

comprising: 

isolating an extracellular matrix material from animal tissue, the isolated 

20 extracellular matrix material comprising a first level of extractable FGF-2; 

processing the isolated material to a sterilized extracellular matrix material 

under conditions to retain said extractable FGF in at least 10% of said first level. 

22. The method of claim 21, wherein the extracellular matrix material 

comprises submucosa. 

25 23. The method of claim 22, wherein the submucosa is small intestinal 

submucosa. 

24. The method of claim 22 or 23, wherein the submucosa is porcine. 

25. The method of any of claims 21-24, wherein the FGF-2 is present in 

said sterilized material at a level of at least about 60 ng/g dry weight. 

30 26. The method of any of claims 21-24, wherein the FGF-2 is present in 

said sterilized material at a level of at least about 70 ng/g dry weight. 
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27. The method of any of claims 21-24, wherein the FGF-2 is present in 

said sterilized material at a level of at least about 80 ng/g dry weight. 

28. The method of any of claims 21-24, wherein the FGF-2 is present in 

said sterilized material at a level of at least about 100 ng/g dry weight. 

5 29. The method of any of claims 21-28, wherein the extracellular matrix 

10 

material has been sterilized with radiation. 

30. The method of claim 29, wherein the material has been sterilized 

with e-beam radiation. 

31. A method for manufacturing medical products, comprising: 

providing extracellular matrix material isolated from animal tissue, the 

extracellular matrix material comprising extractable, bioactive FGF-2 at a first 

level; 

processing the extracellular matrix material to provide product lots each 

containing multiple packaged, sterile extracellular matrix material products; 

15 taking sample products from said product lots; and 

testing said sample products to determine whether they include extractable, 

bioactive FGF-2 at a level of at least about 10% of said first level. 

32. The method of claim 31, wherein the extracellular matrix material 

comprises submucosa. 

20 33. The method of claim 32, wherein the submucosa is small intestinal 

submucosa. 

34. The method of claim 32 or 33, wherein the submucosa is porcine. 

35. The method of any of claims 31-34, wherein said testing comprises 

testing for FGF-2 at a level of at least about 50 ng/g dry weight. 

25 36. The method of any of claims 31-34, wherein said testing comprises 

testing said sample products to determine whether they include extractable, 

bioactive FGF-2 at a level of at least about 15% of said first level. 

37. The method of any of claims 31-34, wherein said testing comprises 

testing said sample products to determine whether they include extractable, 

30 bioactive FGF-2 at a level of at least about 20% of said first level. 
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38. The method of any of claims 31-34, wherein said testing comprises 

testing said sample products to determine whether they include extractable, 

.bioactive FGF-2 at a level of at least about 30% of said first level. 

39. The method of any of claims 31-34, wherein said testing comprises 

5 testing said sample products to determine whether they include extractable, 

bioactive FGF-2 at a level of at least about 50% of said first level. 

40. The method of any of claims 31-39, wherein the extracellular matrix 

material has been sterilized with e-beam radiation. 

41. A medical product adapted for treating wounds, comprising: 

10 an extracellular matrix material isolated from animal tissue, said material 

including bioactive components useful to treat wounds including FGF-2, said FGF-

2 present in said extracellular matrix material at a level of at least about 50 ng/g 

dry weight. 

42. The medical product of claim 41, wherein the extracellular matrix 

15 material comprises submucosa. 

43. The medical product of claim42, wherein the submucosa is small 

intestinal submucosa. 

44. The medical product of claim 42 or 43, wherein the submucosa is 

porcine. 

20 45. The medical product of any of claims 41-44, wherein the FGF-2 is 

present at a level of at least about 60 ng/ g dry weight. 

46. The medical product of any of claims 41-44, wherein the FGF-2 is 

present at a level of at least about 70 ng/g dry weight. 

47. The medical product of any of claims 41-44, wherein the FGF-2 is 

25 present at a level of at least about 80 ng/g dry weight. 

48. The medical product of any of claims 41-44, wherein the FGF-2 is 

present at a level of at least about 100 ng/g dry weight. 

49. The medical product of any of claims 41-48, wherein the 

extracellular matrix material has been sterilized with radiation. 

30 50. The medical product of claim 49, wherein the material has been 

sterilized withe-beam radiation. 
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51. A medical product, comprising: 

a dry collagenous powder comprising extracellular matrix material; 

said dry collagenous powder effective to gel upon rehydration with 

an aqueous medium; and 

5 said dry collagenous powder comprising FGF-2 at a level of at least 

about 50 ng/g dry weight. 

52. The medical product of claim 51, wherein the extracellular matrix 

material comprises submucosa. 

53. The medical product of claim 52, wherein the submucosa is small 

10 intestinal submucosa. 

54. The medical product of claim 52 or 53, wherein the submucosa is 

porcine. 

55. The medical product of any of claims 51-54, wherein the FGF-2 is 

present at a level of at least about 60 ng/g dry weight. 

15 56. The medical product of any of claims 51-54, wherein the FGF-2 is 

present at a level of at least about 70 ng/g dry weight. 

57. The medical product of any of claims 51-54, wherein the FGF-2 is 

present at a level of at least about 80 ng/g dry weight. 

58. The medical product of any of claims 51-54, wherein the FGF-2 is 

20 present at a level of at least about 100 ng/g dry weight. 

25 

30 

59. The medical product of any of claims 51-58, wherein the 

extracellular matrix material has been sterilized with radiation. 

60. The medical product of claim 59, wherein the material has been 

sterilized with e-beam radiation. 

61. A medical product, comprising: 

a fluid composition comprising solubilized or suspended 

collagenous extracellular matrix material; 

said fluid composition comprising FGF-2 at a level of about 0.1 

ng/ml to about 100 ng/ml. 

62. The medical product of claim 61, wherein said fluid composition is 

a gelable composition. 
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63. The medical product of claim 61 or 62, comprising FGF-2 at a level 

of about 1 to about 50 ng/ml. 

64. The medical product of claim 61 or 62, comprising FGF-2 at a level 

of about 10 to about 30 ng/ml. 

5 65. A method for preparing a disinfected, extracellular matrix 

hydrolysate composition, the method comprising: 

forming an aqueous extracellular matrix hydrolysate containing solubilized 

ECM components; 

a first dialysis step including dialyzing said aqueous extracellular matrix 

10 hydrolysate against an aqueous acidic medium containing an oxidizing disinfectant 

so as to contact and disinfect the extracellular matrix hydrolysate with the 

oxidizing disinfectant and thereby form a disinfected extracellular matrix 

hydrolysate; and 

a second dialysis step including dialyzing the disinfected extracellular 

15 matrix hydrolysate under conditions to remove the oxidizing disinfectant. 

66. The method of claim 65, wherein the oxidizing disinfectant 

comprises a peroxy compound. 

67. The method of claim 65, wherein the peroxy compound is a peracid. 

68. The method of any of claim 67, wherein the peroxy compound is 

20 peracetic acid. 

69. The method of any of claims 65-68, wherein during said dialysis 

steps, aqueous ECM hydrolysate has an ECM hydrolysate concentration of about 2 

mg/ml to about 200 mg/ml. 

70. The method of any of claims 65-67, wherein during said dialysis 

25 steps, the aqueous ECM hydrolysate has an ECM hydrolysate concentration of at 

least about 20 mg/ml. 

71. The method of any of claims 65-67, wherein during said dialysis 

steps, the aqueous ECM hydrolysate has an ECM hydrolysate concentration of 

about 100 to about 200 mg/ml. 

30 72. The method of any of claims 65-71, wherein the aqueous ECM 

hydrolysate is concentrated prior to said first dialysis step. 
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73. The method of claim 72, wherein the aqueous ECM hydrolysate is 

dried and reconstituted in an aqueous medium prior to said first dialysis step. 

74. The method of claim 72, wherein the aqueous ECM hydrolysate is 

partially dewatered to form a more concentrated aqueous ECM hydrolysate prior to 

5 said first dialysis step. 

75. A method for disinfecting an aqueous extracellular matrix 

hydrolysate composition containing solubilized extracellular matrix components, 

comprising contacting the aqueous extracellular matrix hydrolysate composition 

with an oxidizing disinfectant for a period of time and under conditions sufficient 

10 to disinfect the aqueous extracellular matrix hydrolysate composition. 

76. The method of claim 75, wherein the oxidizing disinfectant 

comprises peracetic acid. 

77. The method of claim 75 or 76, also including removing the 

oxidizing disinfectant from the aqueous extracellular matrix hydrolysate 

15 composition. 

78. The method of claim 75 or 76, wherein the extracellular matrix 

comprises vertebrate submucosa. 

79. An extracellular matrix hydrolysate composition having 

extracellular matrix components disinfected by contact in solution with an 

20 oxidizing disinfectant. 

80. The composition of claim 79 wherein the oxidizing disinfectant 

comprises a peroxy compound. 

81. The composition of claim 80 wherein the oxidizing disinfectant 

comprises peracetic acid. 

25 82. The composition of claim 79 which is a powder, a non-gelled 

aqueous composition, a gel, or a sponge. 

83. The composition of claim 82, which is a gel, and wherein said 

extracellular matrix components have been disinfected by dialysis of a liquid 

medium containing the extracellular matrix components against an aqueous 

30 medium containing the oxidizing disinfectant. 
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84. The composition of claim 83, wherein the oxidizing disinfectant 

comprises a peroxy compound. 

85. The composition of claim 84, wherein the oxidizing disinfectant 

comprises a peracid. 

5 86. The composition of claim 85 wherein the oxidizing disinfectant 

comprises peracetic acid. 

87. The composition of claim 79, wherein the extracellular matrix 

components comprise FGF-2. 

88. The composition of claim 87, wherein the extracellular matrix 

10 components remain substantially unfractionated at molecular weights above a 

value in the range of about 2000 to about 10000. 

89. An extracellular matrix graft material, comprising: 

an extracellular matrix hydrolysate; and 

extracellular matrix particles. 

15 90. The graft material of claim 89, comprising an aqueous medium 

including said extracellular matrix hydrolysate in a dissolved state with said 

extracellular matrix particles suspended therein. 

91. The graft material of claim 90 in injectable form. 

92. The graft material of any of claims 89-91 wherein said extracellular 

20 matrix hydrolysate comprises a submucosa hydrolysate and said extracellular 

matrix particles comprise submucosa particles. 

93. An extracellular matrix graft material, comprising: 

a sterile, injectable fluid extracellular matrix composition including an 

aqueous medium containing an extracellular matrix hydrolysate, said extracellular 

25 matrix hydrolysate present in said composition at a level of about 20 mg/ml to 

about 200 mg/ml. 

94. The graft material of claim 93 wherein the extracellular matrix 

hydrolysate comprises a submucosa hydrolysate. 

95. The graft material of claim 93 or 94, wherein said extracellular 

30 matrix hydrolysate is present at a level of about 30 mg/ml to about 120 mg/ml. 
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96. The graft material of any of claims 93-95, also including 

extracellular matrix particles having an average particle size in the range of about 

50 microns to about 500 microns. 

97. The graft material of claim 96, wherein the extracellular matrix 

5 particles are included in a weight ratio of about 1:1 to about 100:1. 
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(57) Abstract 

The invention concerns a method of producing a pre-filled sterile syringe. The syringe comprises a syringe body with a proximal end 
and a distal end, a syringe-outlet part at the distal end, a seal, a stopper, a fluid medium and a gaseous medium, the fluid medium being 
a liquid. The method comprises the following steps: preparing the syringe body, seal and stopper which is/are free from genns and/or 
endotoxins and low in particles; a lubricant is applied; the proximal end is sealed by inserting the stopper into the syringe body; the syringe 
is filled through the distal end; the syringe outlet part is sealed with the seal; the syringe is sterilized in a sterilizing chamber; the syringe 
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(57) Zusammenfassung 

Die Erfindung besteht aus einem Herstellungsverfahren einer vorgefUUten, sterilen Spritze. Die Spritze umfaBt einem SpritzenkOrper 
mit einem proximalen und distalen Ernie, ein SpritzenauslaBstUck am distalen Ende, einen VerschluB, einen Stopfen und ein fluides und 
ein gasffinniges Medium. Das fluide Medium ist eine F!Ossigkeit. Das Verfahren umfa13t die folgenden Schritte: Bereitstellen von dem 
Spritzenk5rper, VerschluB und Stopfen, der oder die von Keimen und/oder Endotoxinen befreit sowie partikelann sind. Ein Gleitmittel wird 
aufgetragen. Das proximale Ende wird durch Einfilhren des Stopfens in den Spritzenkorper abgedichtet, Die Spritze wird durch das distale 
Ende befOllt. Das SpritzenauslaBstUck wird rnit dem Verschlu6 abgedichtet. In einer Sterilisationskammer wird die Spritze sterilisiert, 
anschlieBend vel1)ackt und der Verpackungsbehalter danach noch einmal sterilisiert, 
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(54) Title: METHOD OF TERMINALLY STERILIZING FILLED SYRINGES

(54) Bezelchnung: VERFAHREN ZUR TERMINALEN STERILISIERUNG VON BEFULL’I‘EN SPRI'IZEN

(57) Abstract

The invention concerns a method of producing a pre-filled sterile syringe. The syringe comprises a syringe body with a proximal end
and a distal end, a syringe-outlet part at the distal end, a seal, a stopper, a fluid medium and a gaseous medium, the fluid medium being
a liquid. The method comprises the following steps: preparing the syringe body, seal and stopper which is/are free from germs and/or
endotoxins and low in particles; a lubricant is applied; the proximal end is sealed by inserting the stopper into the syringe body; the syringe
is filled through the distal end; the syringe outlet part is sealed with the seal; the syringe is sterilized in a sterilizing chamber; the syringe
is then packaged and the package container is then sterilized once again.

(57) Zusammenfafiung

Die Erfindung besteht aus einem Herstellungsverfahren einer vorgefullten, sterilen Spritze. Die Sprilze umfaBt einem Spritzenkorper
mit cinem proximalen und distalen Ende, ein Spritzenauslaflstilck am distalen Ende, einen Verschlutl, einen Stopfen und ein fluides und
ein gasfbrmiges Medium. Das fluide Medium ist eine Flussigkeit. Das Verfahren umfaBt die folgenden Schritte: Bereitstellen von dem
Spritzenkérper, VerschluB und Stopfen, der oder die von Keimen und/oder Endotoxinen befreit sowie partikelarm sind. Ein Gleitmittel wird
aufgetragen. Das proximale Ende wird durch Einfilhten des Stopfens in den Spritzenkorper abgedichtct. Die Spritze wird dureh das distale
Ende befiillt. Das Spritzenauslalsstuck wird mit dem VerschluB abgediehtet. in ciner Sterilisationskammer wird die Spritze sterilisien,
anschlieBend verpackt und der Verpackungsbehaiter danach noch einmal sterilisiert.
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Verfahren zur terminalen Sterilisierung 
von befullten Spritzen 

Die Erfindung betrifft ein Verfahren zur terminalen Sterilisierung von befOllten 

5 Spritzen. Dabei wird insbesondere auf eine pyrogenfreie und keimfreie Ober

flache der Spritzen abgestellt. Diese Spritzen sind bevorzugt fur den Einsatz 

von injizierbaren Diagnostika, insbesondere Kontrastmitteln vorgesehen, die 

zum Beispiel in Blutgefaf1e, Organe, Organteile, Hohlungen und andere Gefal1e 

gespritzt werden oder dort bildgebende Wirkung entfalten. 

10 

In der Patentschrift AT-E 68 979 wird ein Verfahren zum Herstellen einer gef0ll

ten, terminal sterilisierten Spritze beschrieben. Die Spritze besteht aus Kunst

stoff. Die Spritze weist einen Zylinder auf mit einem distalen Ende mit einem 

Spritzenauslal1stock. Das SpritzenauslaBstock wird durch einen Verschluf5 ab-

15 gedichtet. Die Spritze wird nach dem Befullen mit einem flexiblen Gummi

stopfen verschlossen, der in dem Zylinder gleitfahig ist. Das Verfahren beginnt 

damit, dar1 Abfallteilchen oder andere Verunreinigungen von dem Verschlur1 

und dem Kolben entfernt werden. Mikrobielle Verunreinigungen auf dem Ver

schluf1 und dem Kolben werden zerstort. Der Zylinder wird mit einer Vielzahl 

20 van Wasserstrahlen gewaschen, um Pyrogene und Abfallteilchen zu entfernen. 

AnschlieBend wird Silikonol auf die lnnenwandung der Spritze aufgetragen. 

Der Verschlur1 wird daraufhin auf das Spritzenauslaf1stock aufgesteckt. Durch 

das proximale Ende der Spritze wird das Kontrastmittel in die Spritze geftillt. 

Die Spritze wird anschliel1end mit dem Stopfen verschlossen. Diese zusam-

25 mengesetzte und befullte Spritze wird in einem Autoklaven sterilisiert. Dabei 

wird neben dem 0blichen Autoklavendruck noch ein zusatzlicher Stotzdruck in 

dem Autoklaven erzeugt. Dadurch wird der Druck auf der AuBenoberflache der 

Spritze gleich oder gr611er als der Druck auf der lnnenoberflache der Spritze. 

30 Aus der Publikation von Venten und Heppert (E. VENTEN und J. HOPPERT 

(1978) Pharm. Ind. Vol. 40, Nr. 6, Seiten 665 bis 671) ist ein terminales Sterili

sieren van vorgefOllten Spritzampullen bekannt. Die Spritzampullen, die einen 

Stopfen am proximalen Ende aufweisen, werden distal durch den Rollrand be

f0llt. Der Rollrand wird anschlieBend durch eine Dichtscheibe abgedichtet, wo-

35 bei eine Bordelkappe die Dichtscheibe auf dem Rollrand fixiert. (M. JUNGA 

(1973) Pharm. fnd. Vol. 35, Nr. 11a, Seiten 824 bis 829) Die vorgefullten 

Spritzampullen werden dann in einen Autoklaven uberfuhrt. Dieser Autoklav ist 

bezUglich der Temperatur und des Druckes regelbar. Damit die Dichtscheibe 
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sich nicht von der Spritzampulle lost wird in dem Autoklav ein Stotzdruck er

zeugt. Der Stutzdruck wird durch ein zusatzliches Gas aufgebaut. Dadurch ist 

es moglich, den Druck auf der lnnenseite der Dichtscheibe annahernd gleich 

dem Druck auf der AuBenseite der Dichtscheibe zu halten. Hierdurch wird 

5 auch eine Bewegung des eingesetzten Kolbens vermieden. lnfolge der guten 

Regelung ist es selbst moglich, Zweikammerspritzampullen, die mit zwei 

Losungen gefOllt sind, terminal zu sterilisieren, ohne dal5 eine unzulassige 

Stopfenbewegung oder Dichtscheibenundichtigkeit auftritt. 

10 tn der finnischen Patentanmeldung Fl 93 0405 wird ein Verfahren zum termina

len Sterilisieren einer vorgefOllten Plastikspritze oder Glasspritze beschrieben, 

wobei die Spritze ein Kontrastmittel enthalt. Die Spritze besteht aus einem 

Spritzenzylinder, der ein Spritzenauslaf1st0ck am distalen Ende aufweist. 

Oaneben werden Spritzampullen in der zuvor schon bei Venten und Heppert 

15 beschriebenen Form angefuhrt. Die Spritzen weisen ein offenes proximales 

Ende auf, welches durch einem in der Spritze gleitfahigen Stopfen verschlief3.bar 

ist. Der Stopfen wird mit einem Stempel verbunden. 

Wenn die Spritze oder Spritzarnpulle befullt wird, wird zuerst der Stopfen in das 

proximale Ende der Spritze oder Spritzampulle eingefOhrt. Danach wird Ober 

20 das distale Ende befOllt. Das distale Ende wird anschlier3,end durch einen Ver

schlur3, abgedichtet. Bei den Spritzampullen wird eine Dichtscheibe mit einer 

Bordelkappe am Rollrand fixiert. Die Spritzen oder Spritzampullen werden an

schlier3,end sterilisiert, wobei ein Stotzdruck verwendet wird. Dadurch wird der 

Druck auf der Aul5enoberflache der Spritze kleiner als der Druck auf der lnnen-

25 oberflache der Spritze oder Spritzampulle gehalten. Bei den Spritzampullen ist 

der Druck in dem Autoklaven gleich, groBer oder kleiner als der Druck in der 

Spritzampulle. 

In der WO 95/12418 wird ein terminales Sterilisationsverfahren fUr vorgefQ!lte 

30 Spritzen beschreiben, bei dem kein Autoklav verwendet wird, sondern lediglich 

eine druckfeste Sterilisationskamrner zurn Einsatz gelangt In diese Sterilisa

tionskammer wird die distal oder proximal befOllte Spritze eingebracht. Die 

Kammer wird mittels Heizgas erwarmt Zugleich sorgt dieses Heizgas auch fur 

einen Druck, der den Druckanstieg in der Spritze kompensieren soil. Um ein 

35 Verdampfen von FIOssigkeit, die durch den Kunststoff dringt, zu vermeiden, wird 

neben dem Heizgas auch Wasserdampf eingebracht. Es wird in dem Schutz

recht beschrieben, dal5 dieselbe Sicherheit wie bei einem Autoklavieren erzielt 

werden soll. 
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Die WO 95/12482 beschreibt ein Verfahren zur Herstellung von vorgefOllten 

Kunststoffspritzen, die mit einem Kontrastmittel gefOllt sind. Die Spritzen be

stehen aus einem Zylinder, einem SpritzenauslaBst0ck am distalen Ende, 

5 welches fOi einen Kan0lenansatz vorbereitet ist. Weiterhin umfaBt die Spritze 

einen Stopfen, der in dem Zylinder gleiten kann. Er dichtet das proximale Ende 

der Spritze ab. Die Spritze ist nach einem Verfahren hergestellt warden, das 

zu pyrogenfreien Objekten fUhrt. Ebenso liegen keine Partikel mehr vor. Die 

Spritze wird durch das proximale Ende befullt, dabei ist das SpritzenauslaBstock 

10 mit einem VerschluB abgedichtet. Die befOllte Spritze wird mit dem Stopfen 

verschlossen. Der Partikelstatus der Raumlichkeiten entspricht den Bedin-

gungen der Klasse 100. 

Nachdem die Spritzenteile aus der GuBform kommen, werden sie mit Gas ab

geblasen, um Partikel zu entfernen. Die Spritze wird anschlief!end gewaschen. 

15 Die Spritze wird danach sterilisiert, so daf1 die Spritze wahlweise weiterverarbei

tet, gelagert oder transportiert werden kann. 

Es stellt sich die Aufgabe, eine Spritze anzubieten, welche mit einem Medium 

vorgefullt wird, wobei sich das Medium dauerhaft ohne QualitatseinbuBen in der 

20 Spritze befindet. Besonders hohe Anspr0che sollen an die Sicherheit bezuglich 

Sterilitat und Partikelarmut innerhalb und aul3.erhalb der Spritze gestellt werden. 

Die Aufgabe wird gelost durch ein Herstellungsverfahren einer vorgefullten, 

sterilen Spritze aus Glas oder Kunststoff oder eine Mischung aus Glas und 

25 Kunststoff, weiterhin einer Glasspritze mit einer damit verbundenen Kunststoffo

lie und einer Kunststoffspritze mit einer damit verbundenen Glasbeschichtung, 

dabei umfal1t die Spritze 

30 

35 

einen zylinderf6rmigen Spritzenkbrper mit einem verschlieBbaren proxi

malen und einem verschlier.?,baren distalen Ende, 

ein Spritzenauslaf:sstock am distalen Ende, 

ein das SpritzenauslaBstuck abdichtenden Verschlul1, 

einen Stopfen, der in dem Spritzenkorper gleitfahig ist, 

dabei ist der Stopfen durch einen Stempel bewegbar, 

und 

ein fluid es und ein gasformiges Medium, 

wobei das fluide Medium eine FIOssigkeit, eine Losung, eine Sus

pension oder eine Emulsion ist. 

wobei das Verfahren die folgenden Schritte umfalst: 
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Bereitstellen von dem Spritzenkorper, der von Keimen, Pyrogenen 

und/oder Endotoxinen befreit, sowie partikelarm ist, 

Bereitstellen van dem Verschlul5, der von Keimen, Pyrogenen 

und/oder Endotoxinen befreit, sowie partikelarm ist, 

Bereitstellen von dem Stopfen, der van Keimen, Pyrogenen 

und/oder Endotoxinen befreit, sowie partikelarm ist, 

Auftragen eines Gleitmittels, 

Abdichten des proximalen Endes durch EinfOhren des Stopfens in 

den Spritzenkorper und Befullen der Spritze durch das distale Ende und 

Verschlief1en des Spritzenauslal1st0ckes mit dem Verschluf1 oder Ver

schweiBen des Spritzenausla11stuckes, 

oder alternativ 

Abdichten des distalen Endes durch den Verschlur.. oder Verschweil1en 

des Spritzenauslal1st0ckes und Befiillen der Spritze durch das proximale 

Ende und Abdichten des proximalen Endes durch Einfuhren des 

Stopfens in den Spritzenkorper, 

thermisches Sterilisieren in einer Sterilisationskammer, insbeson

dere einem Autoklaven oder Sterilisator. mit Dampf. HeiBluft und I oder 

Mikrowelle. 

gegebenenfalls Aufbau van einem StOtzdruck durch ein Gas in der 

Sterilisationskammer, wobei der Druck auf die AuBenoberflache der 

Spritze gleich, gror..er oder kleiner als der Druck auf die lnnenoberflache 

der Spritze ist. 

Verpacken der sterilisierten Spritze in einem Behi:llter, insbeson

dere einem Sekundarpackmittel. und 

Sterilisieren der verpackten Spritze mit einer Substanz, die min

destens Teile des Behalters, insbesondere des Sekundarpackmittels, 

permeiert. 

30 Der Begriff Spritze umfaBt die Begriffe Kartusche (groBvolumige Spritze mit 

mindestens 100 ml Volumen), Ampullenspritzen, Einmalspritzen, Einmalspritz

ampullen, Einwegspritzampu!len, Einwegspritzen, lnjektionsampullen, Spritz

ampullen, spritzfertige Ampulle, Zylinderampulle. Doppelkammer-Spritzampulle, 

Zweikammer-Spritze, Zweikammer-Spritzampulle, Zweikammer-Einmalspritze 

35 und Sofortspritze. 

Glasspritzen und Kunststoffspritzen sind in der Publikation van Junga {M. 

JU NGA (1973) Pharm. Ind Vol. 35, Nr. 11 a, Seiten 824 bis 829) ausfOhrlich 
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beschrieben. Eine Mischung aus Glas und Kunststoff wird in WO 96/00098 

(Anmeldetag 23.6.1995) dargestellt. 

Kunststoffe werden ausf0hrlich in Rompp - Chemie - Lexikon, Herausgeber J0r-

5 gen FALSE und Manfred REGITZ, 9. Auflage, Stuttgart, 1990 auf den Seiten 

2398 ff dargestellt. Bevorzugt sind COC, PP und Polymethylpenten. [COC = 

Cycloolefincopolymer mit den Markennamen CZ {Hersteller: Nihon Zeon) und 

TOPAS (Hersteller: Mitsui Chemicals und Hoechst)] Diese Kunststoffe sind 

besonders fur den Einsatz bei vorgefOllten, terminal sterilisierten Spritzen ge-

10 eignet, weil deren hoher Schmelzpunkt (mindestens 130 °C) eine Dampfsterili

sation (Standardverfahren 121 °C) zulassen. Daruber hinaus sind die opti

schen Eigenschaften fur eine arzneibuchgemaBe visuelle einhundertprozentige 

lnspektion ausreichend. 

15 Die Begriffe proximal und distal definieren sich aus Sicht des behandelnden 

Arztes. Am distalen Ende befindet sich das Spritzenausla11st0ck. an dem zum 

Beispiel die Kan0le oder ein Schlauch, der zu einer Kanale fi.lhrt, angeschlossen 

ist. Am proximalen Ende befindet sich der Stopfen, der das Medium durch das 

distale Ende bei der Applikation drOckt. Die Bewegung des Stopfens kann ma-

20 nuell oder auch mechanisch erfolgen. Der Ausdruck Stopfen umfaBt auch Kol

ben. Fur die manuelle Betatigung der Spritze ist es tor das Bedienungsperso

nal hilfreich, wenn die Spritze am proximalen Ende Fingerhalterungen tragt. 

Oabei weisen die Fingerhalterungen ublicherweise mindestens eine Flache als 

Widerlager fur den Zeigefinger und Mittelfinger auf, wobei die Flache der Fin-

25 gerhalterung im wesentlich senkrecht zu der Achse des Spritzenzylinders steht. 

Bei mechanischen Pumpvorrichtungen sind verschiedene Model! bekannt. 

Eine Spritze tragt dann bevorzugt eine oder mehrere Geratehalterungen am 

vorzugsweise proximalen Ende. Besonders gut ist eine solche mechanische 

Pumpe in der EP 0 584 531 (Reilly et al. Anmeldetag 21. 07. 1993) beschrie-

30 ben. Auch Mischformen aus Fingerhalterung und Geratehalterung sind mog

lich. 

Die Spritzen sind 0blicherweise drehsymmetrisch, lediglich die Fingerhalterun

gen und Geratehalterungen und bisweilen auch das SpritzenauslaBstock wei-

35 chen van der Symmetrie ab. So kann das Spritzenauslal!>stock exzentrisch an

geordnet sein. Besonders bevorzugt ist der Luer - Lock, da er ausschlieBlich 

bei der Applikation von Kontrastmitteln dann zum Tragen kommt. wenn mecha

nische Pumpvorrichtungen eingesetzt werden. Auch bei der manuellen Appli-
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kation vermeidet der Luer - Lock und der damit verbundene Schlauch, daB nicht 

beabsichtigte Bewegungen des Arztes auf die Kanule direkt Obertragen werden. 

Weiterhin sind der einfache Luer-Ansatz und auch der Record-Ansatz bekannt. 

5 Es ist auch moglich, das Spritzenauslal3stock zu verschweir1en und dadurch 

abzudichten. Vorteilhaft ist dann, dar., ein SpritzenauslaBstOck eine Soll-

bruchstellte aufweist, die problemlos ein Offnen des SpritzenauslaBstOckes vor 

dem Benutzen erlaubt. 

10 Die proximale und das distale Ende der Spritze muB verschliel3bar sein. Das 

distale Ende wird durch einen Verschluls abgedichtet, der auf das Spritzenaus

laBstOck aufsetzbar ist. Oas SpritzenauslaBstock umfar!t in diesem Schutz

recht die Decke des Spritzenzylinders. Weiterhin umfar!t das SpritzenauslaB

stock eine Rohre, die zu der Nadel oder dem Schlauch fuhrt, ein Endstock. wel-

15 ches mit der Nadel oder dem Schlauch in Kontakt steht und einem Zylinder mit 

Gewinde auf der lnnenseite, wobei der Zylinder das Endstock umgibt und ein 

Gewinde fur einen zum Beispiel Luer - Lock tragt. 

Spritzenausla!1stock einstUckig oder mehrstockig sein. 

Dabei kann das 

Die Oecke kann ge-

wolbt, eben oder pyramidenformig sein. Auch Mischformen sind denkbar. 

20 Der Stopfen verschlie~t das proximale Ende der Spritze. Er mu~ in dem Zylin

der gleitfahig sein und mul3 das Medium sicher von der Umgebung zurOckhal

ten. Er soil moglichst wenig fOr Gase und Flilssigkeiten permeabel sein. 

Auch Temperaturschwankungen mossen ohne Funktionsstorung aufzufangen 

sein. Oblicherweise ist der Stopfen bei dem mechanischen Entleeren der 

25 Spritzen nicht mit einem eigenen Stempel versehen. Vielmehr greift ein Stem

pel, der Teil der Pumpvorrichtung ist, in einen Verschlu~ im lnneren des 

Stopfens ein, so dal1 eine Bewegung des Stopfens problemlos moglich ist. 

(vgl. EP O 584 531) 

30 Das Medium in der befUllten Spritze ist eine Mischung aus einem fluiden Me

dium und mindestens einem Gas. Das Medium kann eine FIOssigkeit, eine Lo

sung, eine Suspension oder eine Emulsion sein. Oiese Erscheinungsformen 

sind in W. SCHROTER et al., (1987) Chemie; Fakten und Gesetze, 14. Auflage, 

Leipzig auf den Seiten 23 und folgende beschrieben. 

35 
Bevorzugt ist ein fluides Medium, welches ein Kontrastmittel ist. Hierbei han

delt es sich um die folgenden Kontrastmittel mit den generischen Namen: Ami-
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dotrizoesaure, Gadopentetsaure, Gadobutrol, Gadolinium EOB-DTPA, lopami

dol, lopromid, lotrolan und lotroxinsaure. 

Eine Spritze mur.. van Fremdkorpern gereinigt werden. Fremdkorper sind all 

5 die Partikel, die nicht aus dem Material der Spritze und dem Medium und die 

losgeloste Bruchst0cke der Spritze sind. 

10 

Pyrogene sind Substanzen, die als Fragmente der Bakterien eine lmmunantwort 

des Menschen provozieren. lnsbesondere handelt es sich um Lipopoly

saccharide. 

Sterile und reine Produktionsprozesse sind in _DAB 1996 oder Ph.Eur. beschrie

ben. 

Publikationen zum Sterilisieren und zur Keimzahlreduktion sind in den folgen-

15 den Fundstellen angefuhrt: 

20 

25 

K.H. WALLHAUSSER (1990) Die mikrobielle Reinheit von Arzneimittel

rohstoffen und Arzneimitteln, Pharma Technologie, Vol 11, Nr. 4, Seiten 

2 - 9; 

H. SEYFARTH (1990) Kritische Anmerkungen zu den Hygieneanforde-

rungen des EG-Leitfadens einer guten Herstellpraxis fUr Arzneimittel, 

Pharma Technologie, Vol 11, Nr. 4, Seiten 10 - 19; 

W. Hecker und R. MEIER (1990) Bestimmung der Luftkeimzahl im 

Produktionsbereich mit neueren Geraten, Pharma Technologie, Vol 11, 

Nr. 4, Seiten 20 - 28; 

G. SPICHER (1990) Moglichkeiten und Grenzen der Sterilisation mit 

Gasen und ionisierenden Strahlen im Vergleich mit den klassischen 

Sterilisationsverfahren, Pharma Technologie, Vol 11, Nr. 4, Seiten 50 -

56; 

30 Als chemische Sterilisierungsverfahren sind die Behandlung mit Ethylenoxid, 

Propan-3-olid und Diethyldikarbonat, weiterhin Wasserstoffperoxid und ein 

Ozon/Dampfgemisch bekannt. Solche Veriahren werden beschrieben in: 

35 

G. SPICHER {1990) Moglichkeiten und Grenzen der Sterilisation mit 

Gasen und ionisierenden Strahlen im Vergleich mit den klassischen 

Sterilisationsverfahren, Pharma Technologie, Vol 11, Nr. 4, Seiten 50 -

56; 
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H. HORATH (1990) Rechtliche Rahmenbedingungen der Sterilisation mit 

Ethylenoxid und Formaldehyd, Pharma Technologie, Vol 11, Nr. 4, Seiten 

57 - 64; 

J. SCHUSTER (1990) Die Praxis der betrieblichen Ethylenoxid-Sterilisa

tion und Versuche zu ihrer Optimierung, Pharma Technologie, Vol 11, Nr. 

4, Seiten 65 - 71; 

M. MARCZINOWSKI (1990) Praktische DurchfOhrung der Formaldehyd

Sterilisation, Pharma Technologie, Vol 11, Nr. 4, Seiten 72 - 76; 

10 Besonders bevorzugt ist das Verfahren mit Wasserstoffperoxid. 

15 

20 

Ebenso ist ein Sterilisieren mit energiereicher Strahlung moglich. Hier sind 

Gamma-Strahlen und Rontgenstrahlen bekannt. Ebenso werden Neutronen

strahlen, Beta-Strahlen und Alpha-Strahlen eingesetzt. 

Gleitmittel dienen dazu, dal3. der Stopfen ohne grol1eren Kraftaufwand innerhalb 

des Zylinders bewegt werden kann. Bevorzugt ist Silikonol, welches folgende 

Eigenschaften aufweist: Viskositat mindestens 1000 cSt; Qualitat: medical 

grade. 

Nachdem die Spritze teilweise zusammengesetzt warden ist, ist es eventuell 

moglich, die Spritze erneut van Fremdkbrpern zu reinigen. Fremdkorper sind 

all die Partikel, die nicht aus dem Material der Spritze und dem Medium sind 

und die losgeloste BruchstOcke der Spritze sind. 

25 Als Sterilisationsverfahren sind besonders geeignet: Strahlensterilisation bezie

hungsweise chemische Sterilisationsverfahren. 

Ats chemische Sterilisierungsverfahren sind die Behandlung mit Ethylenoxid, 

Propan-3-olid und Diethyldikarbonat, weiterhin Wasserstoffperoxid und ein 

30 Ozon/Dampfgemisch bekannt. 

Ebenso ist ein Sterilisieren mit energiereicher Strahlung moglich. Hier sind 

Gamma-Strahlen und Rontgenstrahlen bekannt. 

35 Gegebenenfalls werden die Teile der Spritze in bakteriendichte, aber gasdurch

lassige Folie oder Aluminium sterilverpackt. Die SterHisation erfolgt mit Hilfe 

von thermischem und/oder chemischem Sterilisieren. mit Gamma-Strahlen oder 

Rbntgenstrahlen, Neutronenstrahlen oder Beta-Strahlen oder einem Gemisch 
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der zuvor genannten Strahlen. Bevorzugt ist die Behandlung mit Wasserstoff

peroxid oder Ozon/Dampfgemisch. 

Anschlier.iend wird der Spritzenkbrper durch das distale oder proximale Ende 

5 befullt, wobei entweder der Stopfen oder der Verschlu!1 das entgegengesetzte 

Ende abdichten. Anschlie!1end wird die Bef0llungsoffnung durch den Ver-

schluB oder den Stopfen verschlossen. 

Das distale Ende wird mit einem VerschluQ. oder durch VerschweiBen des dista-

1 O len Endes verschlossen. Bei dem VerschweiBen weist das distale Ende eine 

Sollbruchstelle proximal zur Verschweir1ung auf. Dadurch kann das distale En

de problemlos nach dem Verschweil1en geoffnet werden. 

Im nachsten Schritt wird die Spritze oder Kartusche Im Autoklaven oder Sterili-

15 sator mit Heil1Iuft oder mittels Mikrowelle thermisch sterilisiert. 

Damit der Stopfen nicht innerhalb des Zylinders wandert, ist es vorteilhaft, wenn 

der Stopfen wahrend des Sterilisierens fixiert ist. 

Gegebenenfalls ist es moglich, einen Stutzdruck in dem Sterilisationsraum des 

Autoklaven oder der Sterilkammer durch ein Gas in dem Sterilisationsraum auf-

20 zubauen, wobei der Druck auf die Aut!>enoberflache der Spritze gr611er, gleich 

oder geringer als der Druck auf der lnnenobertlache der Spritze ist. Der Stotz

druck ist zu definieren als der Druck, welcher der Summe der Partialdrucke im 

Sterilisationsraum minus dem Partialdruck des Dampfes entspricht. 

25 Vorteilhaft ist. wenn der Stopfen nach dem Sterilisieren rejustiert wird, Hier

durch wird gewahrleistet, dal3. der Stopfen sich in einer optimalen Position be

findet. Bisweilen ist die Reibung zwischen Stopfen und Zylinder so groB, da~ 

ein Einstellen des Stopfens in die stabile Position, bei der keine Druckdifferenz 

zwischen lnnenseite und Aul!>enseite der Spritze besteht, nicht selbstandig er-

30 folgt. 

35 

An dieser Stelle ist eine optische Kontrolle vorteilhaft. Dadurch wird gewahr

leistet, dal1 Partikel, die sich in der Spritze befinden, aufgefunden werden. 

Spritzen mit Partikel sind dabei zu verwerfen. 

Besonders wesentlich ist das Verpacken der sterilisierten Spritze in einem Be-

halter und das Sterilisieren des gefullten Behalters. Dieser Vorgang kann in 

einem Sterilraum erfolgen. Dieser Schritt ist besonders vorteilhaft, weil da-
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durch allein eine Sicherheit gegeben ist, dem behandelnden Arzt eine Spritze 

anzubieten, die auch aur1erlich steril ist. Hierdurch kann die Kontaminationsge

fahr verringert werden. Auch bei den mechanisch zu entleerenden Spritzen 

kommt dieser Vorteil zur Geltung, da der Arzt auch hier die Spritze berOhrt. 

5 Haufig werden die mechanisch zu entleerenden Spritzen in sterilen Operations

raumen angewendet. In diese Raume dOrfen nur sterile oder desinfizierte 

Materialien eingebracht werden. Somit muB auch eine mechanisch zu entlee

rende Spritze aul1erlich unbedingt steril sein. 

10 Vorteilhaft ist weiterhin, da~ die gefullte und terminal gefOllte Spritze in sterile 

Kunststoffolie und / oder Aluminiumfolie unter gegebenenfalls aseptischen Be-

dingungen verpackt wird. Vorteilhaft ist dabei, daP., die Spritze in moglicher-

weise sterile Blister eingepackt wird, wobei gegebenenfalls aseptische Bedin

gungen vorherrschen. 

15 Anschlie/1end wird die Spritze, die in dem Behalter liegt, aur..erlich erneut steri

lisiert, indem die Spritze mit Ethylenoxid, Propan-3-olid und/oder Diethyldikar

bonat behandelt wird. Weiterhin sind Wasserstoffperoxid und ein 

Ozon/Dampfgemisch bekannt. 
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Eine bevorzugte Ausf0hrungsform wird beispielhaft im weiteren dargestellt. 

Eine Spritze gemar1 der Erfindung wird in der Figur 1 als perspektivische Zeich

nung abgebildet. 

In der Figur 2 wird eine Schnittzeichnung der Spritze abgebildet. 

5 In der Figur 3 ist ein Flul!>diagramm zu sehen, in dem das Verfahren der Herstel

lung, Sterilisation, BefOllung und des terminalen Sterilisierens dargestellt ist. 

Die Figur 1 und 2 zeigen eine Kunststoffspritze 100, die aus einem Spritzenkor

per 1 mit einem Spritzenzylinder 2 besteht Die Spritze 100 weist ein proxima-

1 0 les Ende 3 auf, welches durch einen Stopfen 4 verschlossen ist. Der Stopfen 

weist ein pyramidenformigen distalen Stopfenteil 5 und einen zylinderformigen 

proximalen Stopfenteil 6 auf, der der lnnenwandung des Spritzenzylinders 2 

dichtend anliegt. Der Kontakt zwischen dem proximalen Stopfenteil 6 und der 

Zylinderinnenwandung erfolgt Ober mehrere Gummiw0lste 7. 

15 Am proximalen Ende sind Geratehalterungen 8 an der Aul!>enwand des Spritze

zylinders angeordnet, die aus einem Geratehalterungsring 9 und zwei Gerate

halterungsvorspr0nge 10 und 1 o· bestehen. Die Geratehalterungen 8 dienen 

zum Einspannen der Spritze in eine mechanische Pumpvorrichtung. 

Am distalen Ende 11 der Spritze befindet sich ein pyramidenformige Spritzen-

20 auslaBstock 12, welches eine Rohre 13 und ein Endstuck 14 umfal1t. Der 

pyramidenformige distale Stopfenteil 5 pal3.t komplementar in das pyramiden

formige Spritzenauslal1stock 12. Zentrisch von dem Spritzenauslaf5sttJck 12 ist 

die konisch zulaufende Rohre 13 angeordnet, die in dem Endstock 14 endet. 

Oieses Endstuck 14 ist von einem Zylinder 15 umgeben. der auf der lnnenseite 

25 ein Gewinde 16 fur einen Luer - Lock tragt. Oas Endstuck 14 ist entweder 

durch ein SpritzenverschluBteil in Form eines Tip - Cap oder durch ein 

Spritzenverschlur.iteil mit Luer - Lock verschliel1bar. Das SpritzenverschluBteil 

ist in der Zeichnung nicht abgebildet. 

30 In der Figur 3 ist ein Flul1diagramm abgebildet. 

51414AWOM1XX00-P 21.5.1997 
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Patentanspruche 

PCT/EP97/02641 

1. Herstellungsverfahren einer vorgefOllten, sterilen Spritze aus Glas oder 

5 Kunststoff oder eine Mischung aus Glas und Kunststoff, weiterhin einer Glas

spritze mit einer damit verbundenen Kunststoffolie und einer Kunststoffspritze 

mit einer damit verbundenen Glasbeschichtung, 

10 

15 

20 

25 

30 

35 

dabei umfal1t die Spritze 

einen zylinderformigen Spritzenkorper mit einem verschliel1baren proxi

malen und einem verschliel!>baren distalen Ende, 

ein Spritzenauslal1stuck am distalen Ende, 

ein das SpritzenauslalsstOck abdichtenden Verschluls, 

einen Stopfen, der in dem Spritzenkorper gleitfahig ist, 

dabei ist der Stopfen durch einen Stempel bewegbar, 

und 

ein fluides und ein gasfbrmiges Medium, 

wobei das fluide Medium eine Flussigkeit, eine Losung, eine 

Suspension oder eine Emulsion ist, 

wobei das Verfahren die folgenden Schritte umfa(st: 

Bereitstellen von dem Spritzenkorper, der von Keimen, Pyrogenen 

und/oder Endotoxinen befreit, sowie partikelarm ist, 

Bereitstellen von dem VerschluP.:.. der von Keimen, Pyrogenen 

und/oder Endotoxinen befreit. sowie partikelarm ist, 

Bereitstellen von dem Stopfen, der von Keimen, Pyrogenen 

und/oder Endotoxinen befreit, sowie partikelarm ist, 

Auftragen eines Gleitmittels. 

Abdichten des proximalen Endes durch EinfUhren des Stopfens in 

den Spritzenkorper und Befullen der Spritze durch das distale Ende und 

Verschlie~en des Spritzenausla~stuckes mit dem Verschlul!> oder Ver

schweil1en des Spritzenausla!!>stuckes, 

oder alternativ 

Abdichten des distalen Endes durch den Verschluls oder Verschweif.sen 

des Spritzenausla!1stockes und Befullen der Spritze durch das proximale 

Ende und Abdichten des proximalen Endes durch EinfOhren des 

Stopfens in den Spritzenkorper, 

thermisches Steriiisieren in einer Sterilisationskammer, 

Verpacken der sterilisierten Spritze in einem Behalter und 
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Sterilisieren der verpackten Spritze mit einer Substanz, die min

destens Teile des Behalters permeiert .. 

2. Herstellungsverfahren nach Anspruch 1, wobei die Sterilisationskammer 

5 ein Autoklav oder Sterilisator, mit Dampf, HeiBluft und / oder Mikrowelle ist. 

3. Herstellungsverfahren nach einem der vorherigen AnsprOche, wobei ein 

Stotzdruck durch ein Gas in der Sterilisationskammer aufgebaut wird, wobei der 

Druck auf die AuBenoberflache der Spritze gleich, groBer oder kleiner als der 

1 O Druck auf die lnnenoberflache der Spritze ist. 

4. Herstellungsverfahren nach einem der vorherigen AnsprOche, wobei die 

Spritzen umfassen: Kartuschen, Ampullenspritzen, Einmalspritzen. Einmal

spritzampullen, Einwegspritzampullen, Einwegspritzen, lnjektionsarnpullen, 

15 Spritzampullen, spritzfertige Ampullen, Zylinderampullen, Ooppelkarnmer

Spritzampullen, Zweikammer-Spritzen, Zweikammer-Spritzampullen. Zwei

kammer-Einmalspritzen oder Sofortspritzen 

5. Herstellungsverfahren nach einem der vorherigen Anspruche, wobei der 

20 Kunststoff der Polyolefine aus der Gruppe COC, Polymethylpenten und PP ist. 

6. Herstellungsverfahren nach einem der vorherigen Anspruche, wobei die 

Spritze einen Luer - Lock am distalen Ende aufweist. 

25 7. Herstellungsverfahren nach einem der vorherigen AnsprOche, wobei das 

Medium in der befOllten Spritze eine Mischung aus einem fluiden Medium und 

mindestens einem Gas ist. 

8. Herstellungsverfahren nach Anspruch 7, wobei das Medium eine FIUs-

30 sigkeit, eine Losung, eine Suspension oder eine Emulsion ist. 

9. Herstellungsverfahren nach Anspruch 8, wobei das Medium ein Kon-

trastrnittel ist. 

35 10. Herstellungsverfahren nach Anspruch 9, wobei das Kontrastmittel eine 

Substanz oder eine Mischung aus der Gruppe der folgenden Substanzen um

faBt: Amidotrizoesaure, Gadopentetsaure, Gadobutrol, Gadolinium EOB-OTPA, 

lopamidol, lopromid, lotrolan und lotroxinsaure 
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11. Herstellungsverfahren nach einem der vorherigen AnsprOche, wobei das 

Sterilisationsverfahren mit Gas die Behandlung mit Ethylenoxid, Propan-3-olid 

und Diethyldikarbonat, weiterhin Wasserstoffperoxid und ein 

5 Ozon/Dampfgemisch umfal1t. 

12. Herstellungsverfahren nach Anspruch 11, wobei die Behandlung Was-

serstoffperoxid umfa~t. 

10 13. Herstellungsverfahren nach einem der vorherigen AnsprOche, wobei der 

15 

Stopfen wahrend des Sterilisierens fixiert ist. 

14. Herstellungsverfahren nach einem der vorherigen AnsprOche, wobei der 

Stopfen nach dem Sterilisieren rejustiert wird. 

15, Herstellungsverfahren nach einem der vorherigen AnsprOche, wobei die 

gefOllte und terminal gefullte Spritze in sterile Kunststoffolie und / oder Alumi

niumfolie unter gegebenenfalls aseptischen Bedingungen verpackt wird. 

20 16. Herstellungsverfahren nach Anspruch 15. wobei die Spritze, die in dem 

Behalter liegt, auf1erlich erneut sterilisiert wird, indem die Spritze mit Ethylen

oxid, Propan-3-olid, Wasserstoffperoxid, ein Ozon/Dampfgemisch und/oder 

Diethyldikarbonat behandelt wird. Weiterhin sind bekannt. 
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Figur 3 

Herstellung von Spritzenzylin- Kolben VerschluB Medium 

der mit Sprit-

zenaus-

laBstilck 

( ovrogenfrei) 

- Autoklavieren Autoklavieren Sterilfiltriert 

EinfOhren des Kolbens in den Spritzenkorper --- -

Sterilisieren des Kolbens und des Spritzenkorpers -- ---

Weiterverarbeiten, Verpacken und Lagem oder Verpacken und Trans- ---
portieren 

BefOllen der Soritze durch das distale Ende 

Verschliel?ien der Spritze mit dem Verschlur.. 

Autoklavieren der qefOllten Spritze unter StOtzdruck 

AbkOhlen der Spritze unter Stutzdruck 

Verpacken der gefullten Spritze in Beh~ilter 

VerschlieBen der Beh~mer 

' Sterilisieren der Behalter mit Gas 

Regeneron Exhibit 1068.087 
Regeneron v. Novartis 

IPR2020-01317



INTERNATIONAL SEARCH REPORT 
lnlernat,on· "lplicatlon No 

PCT/EP 97/02641 

A, CLASSIFICATION OF SUBJECT MA TIER 
A61M5/00 I PC 6 A6ll2/04 A61L2/O6 A61L2/12 A61L2/20 

Ac,oord,ng to International Patent Classilicalion (!PC) or to both national cla,.srfica.tion and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classtt10at1on system lollowed by class,fioation symbols) 

IPC 6 A61L A61M 

Documentation aearched other than minimum documentation to the extent that suoh documents are included in the field5 searched 

Eleotronic data base consulted during the intemationa, search (name of data bWle and. where prnctical, &&arch terms used) 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category• Citation of document, with ind1cabon, wh&rs appropriate, of the rel@vantpasaagea Relevant to clafm No. 

X WO 94 13328 A (MALLINCKRODT MEDICAL INC) 1,2,4-16 
23 June 1994 
see abstract 
see page 4, line 5 - line 9 
see page 4, line 15 - line 24 
see claims 1-13 
see figure 1 

---
X WO 95 00180 A ( FARCO PHARMA GES MIT 1-8, 

BESCHRAEN ;WOLF ERICH (DE)) 5 January 1995 13-15 
y see page 3, line 24 - page 4, 1 i ne 13 9, 10 

see page 6, 1 ine 28 - line 32 
see claims 1,4-6 

---
-/--

[8] Further documenta are irated in the continuation of box C. [Il Patent family membera are liated in annex 

• Speo,al categoriea of aiti,d document• : . .,. later dooument publiahed atter the mt.mational ti~ng date 

"A" document defining the general atate of the art which is not 
or priority date and not in confbat with the application but 
oited to unCleratand the principl& or 1heo,y underlying lhe cona,dered to be of particular relevance invent ton 

•e• ear~<>r document but publi&had on or after the international •x• document cf particular relevanoa; the claimed invention 
filing date cannot be oon•idered nova~ or cannot be oonsiderwd to 

'L • dooMment which may thmw dovbla on priority claim(a) or involve an inventive atep wh■n tile documant is taken alcna 
which is cited to Htabliah Ille publication dale of another •y• dooument of particular rel.-,..,_; the olaimad invention 
citation or other opeaial reuon (aa apeoilied) cannot be oonaid-d 11> involve an inventive step when Iha 

"O" document referring to an oral diaoloaun1, u••• exhibition or dooument i• combined wllh one or more other auoh doou-
othermearw mentll, auah oombination being obvioua to a person akilled 

•p• document publiah■d prior to the international filing dale but in the art. 

later than the priority date olainwd •&• dooument member ol the aame patent family 

1 Data of the actual completion of Iha inlernational Haroh Oate of mailing of the international aearch report 

10 October 1997 1 7 -10- 1997 
Nome and mai6ng addresa of Iha ISA Authorized officer 

European Patent Office, P.B. 5818 Patenttaan 2 
NL - 2280 HV AijawiJ< 
Tel. (+31-70) 340-2040, Tx, 31 651 epo nl, Heck, G Fax: {+31-70) 340-3016 

Form PCT/ISA/210 \second stieel) (July 1992} 

page 1 of 2 

Regeneron Exhibit 1068.088 
Regeneron v. Novartis 

IPR2020-01317



1 

INTERNATIONAL SEARCH REPORT 

C.(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 

Category • Citation of dooumenl, with indication, where appropriate, of the relevant paaaag,,a 

V 

A 

A 

A 

US 4 628 969 A (JURGENS JR RAYMOND W ET 
AL) 16 December 1986 
see column 1. line 38 - line 64 
see column 2, line 24 - line 39 
see claims 1-3 

US 5 207 983 A (LIEBERT RICHARDT ET AL) 
4 May 1993 
see column 2, line 8 - line 28 
see claims 1.3.4,7.8 

EP 0 496 633 A (EISAI CO LTD ;MICRO DENSHI 
CO LTD (JP)) 29 July 1992 
see abstract 

US 5 370 861 A (KLAVENESS JO ET AL) 6 
December 1994 
see abstract 
see column 3, line 12 - line 19 

Form PCTI'.SA/210 !contmualmn of •econd sheet) (July 1992) 

lntematlon, '>plication No 

PCT/EP 97/02641 

Relevant to claim No. 

page 2 of 2 

1,2,4, 
7-9 

2 

10 

Regeneron Exhibit 1068.089 
Regeneron v. Novartis 

IPR2020-01317



lNTERNA TIONAL SEARCH REPORT 

Patent document 
cited in search report 

WO 9413328 A 

Info, . ..tton on patent family members 

I Publication 
dale 

23-06-94 
I 

lntemallon oplicatlon No 

PCT /EP 97 /02641 
Patent family 
member(s) 

AU 5898794 A 
EP 0673261 A 
JP 8504350 T 
MX 9307952 A 

I 
Publication 

date 

04-07-94 
27-09-95 
14-05-96 
31-08-94 

----------------------------------------------------------------------WO 9500180 A 05-01-95 EP 0703793 A 03-04-96 
----------------------------------------------------------------------US 4628969 A 16-12-86 AU 583967 B 

AU 6656286 A 
CA 1289737 A 
DE 3682260 A 
EP 0227401 A 
JP 6034827 B 
JP 62194866 A 
JP 8224303 A 
JP 8224302 A 
US 4718463 A 

11-05-89 
25-06-87 
01-10-91 
05-12-91 
01-07-87 
11-05-94 
27-08-87 
03-09-96 
03-09-96 
12-01-88 

----------------------------------------------------------------------
US 5207983 A 04-05-93 AT 145339 T 

AU 650186 B 
AU 3022392 A 
BR 9300277 A 
CA 2088331 A 
CZ 278610 B 
OE 69306006 D 
DE 69306006 T 
EP 0553926 A 
ES 2094456 T 
HU 65109 A 
IL 104543 A 
JP 6181968 A 
MX 9300441 A 
NO 300956 B 
NZ 245779 A 
RU 2070056 C 
SK 4993 A 

15-12-96 
09-06-94 
05-08-93 
03-08-93 
30-07-93 
16-03-94 
02-01-97 
22-05-97 
04-08-93 
16-01-97 
28-04-94 
10-01-97 
05-07-94 
01-07-93 
25-08-97 
26-10-95 
10-12-96 
09-09-93 

----------------------------------------------------------------------
EP 0496633 A 29-07-92 

Form PCT/tSA/210 (patent !.arnriy annex) iJUl!f' 1992) 

AT 128685 T 
DE 69205180 D 
DE 69205180 T 

15-10-95 
09-11-95 
04-04-96 

page 1 of 2 

Regeneron Exhibit 1068.090 
Regeneron v. Novartis 

IPR2020-01317



INTERN TIONAL SEARCH REPORT A 
lntomatlon· ">plic■llon No 

lnlm ,. _,.lion on patont family members 
PCT/EP 97/02641 

Patent document 

l 
Publication 

! Patent family I 
Publication 

cited in searen report date member(s) date 

EP 0496633 A JP 5277166 A 26-10-93 
us 5279788 A 18-01-94 

----------------------------------------------------------------------us 5370861 A 06-12-94 us 5416223 A 16-05-95 
us 5559266 A 24-09-96 
DE 69012796 D 27-10-94 
EP 0452377 A 23-10-91 
NO 300968 B 25-08-97 
AT 111889 T 15-10-94 
AU 631837 B 18-12-92 
AU 4814290 A 01-08-90 
CA 2045543 A 10-07-90 
WO 9007491 A 12-07-90 
ES 2060138 T 16-11-94 
IE 64500 B 09-08-95 
JP 4502617 T 14-05-92 

----------------------------------------------------------------------

Form PCT/ISA.1210 (paten! tiern1iy annex) (July 1992) 

page 2 of 2 

Regeneron Exhibit 1068.091 
Regeneron v. Novartis 

IPR2020-01317



INTERNATIONALER RECHERCHENBERICHT 
lnternalion, Aktenzeichen 

PCT/EP 97/02641 
A. KLASSIFIZIERUNG CJES ANMELDUNGSGEGENSTANCES 

IPK 6 A61L2/04 A61L2/06 A61 L2/12 A61L2/20 A61M5/00 

Nach der lnternationalen Paten1l<lauifiklltion (IPK) oder nach der nationalen Klas&ifikation und der IPK 

B. RECHERCHIERTE GEBIETE 

Recharchierter MindeatprOfstoff (Klaaaifikationasyatem und Klauifikalionssymbole) 

I PK 6 A61L A61M 

Reoherohierte aber nicht zum MindestprUhitoff gehOrende VerOffentliohungen, soweit dieae unter die recherchierten Gebiete falien 

Wiihurnd der intemat,onalen Recherche konaultff!rte elektronisoh" Datenbank (Name der Datenba.nk und evtl verwendete Suchbegnffe) 

C. ALS WESENTLICH ANGESEHENE UNTERLAGEN 

Ka!egone 0 Bezaichnung der Verllffentlichung, aoweit erfor-denioh unter Angabe der in Be!raoht kommenden Te~e Betr. Anapruch Nr. 

X WO 94 13328 A (MALLINCKRODT MEDJCAL JNC) 1,2.4-16 
23.Juni 1994 
siehe Zusanrnenfassung 
siehe Seite 4. Zeile 5 - Zeile 9 
siehe Seite 4, Zeile 15 - Zeile 24 
siehe Anspriiche 1-13 
siehe Abbildung 1 

- - -
X WO 95 00180 A (FARCO PHARMA GES MIT 1-8. 

BESCHRAEN ;WOLF ERICH (DE)) 5.Januar 1995 13-15 
y siehe Seite 3, Zei le 24 - Seite 4, Zeile 9, 10 

13 
siehe Seite 6, Zeile 28 - Zeile 32 
siehe Anspruche 1,4-6 

---
-/--

[!] Weite,e VerOffent~chungen ■ind der Fortsetzung von F,old C zu [] Suahe Anhang Patentfamiiie 
entnehmen 

• Besondere Katagorien von angegebanen Ver<lffentliohungen T Splltara \lertlffenlliohung, die nach dem intamaticnalen Anmala<tdatum 
•A• Vertlffenlliohur,g, die den allgell"NNn•n Stand der T eohmk definiert, oder dem PnontAtlda!um veroffent11cht W01'den iat und mlt der 

aber ruoht ala beaondera bedeutaam anzuaehen iat Anmeldung nioht kollidiert, sondem nur zum VeraUndnis d@a der 

"E" !!.lier .. Oolwmtnl, daa jedoch eral am oder naoh dem internationalen 
Erfindung zugrundeliegenden Prinz1ps oder der ihr zugrundeliegenden 
Theorie ang•g•b•n iat 

Anmeldedalum varo!fenlli<:ht woroen iat "X' Va.Offentliohung von beaonderer Bedeutung; die beanapruchte Er!indung 
•L • Ver~ffentiiohung, dia ~eignet tat. IHnan PrioriUtbaanapruoh zweifelhaft •r• kann aff•in autgruoo diHer Veroffent!iohung nioht ala neu oder au! 

aoheinen ;iu i-n, oder duroh die du Ver6flantlicnung•datum einer erfinderiaot.r T Atigkait beruhend belrachtat werden 
andaren ~ Aeche_rchenbericht genannlan V•r6ffenlllchung be~t __ Iden •ye Va!Clffenttichung von beaonderar Bed•utung; die be111111pn1chte Erfindung 
■oll oder dHt - HWm and■Nn baaond-n Grund angegeben •t (wte kann nicht ala auf arfinderiaoher Tl.tigkeit beruhend betr-htat 
auegefllhrt) wwden, -nn die VerOffentliohung mit einar od..- meh,...n and«en 

•o• Vllnlffentliohung, di:- •ioh auf eine mllndliche Offen baning, . VerotlentliDllllngen dieaer Ka::f,orie in Velbindung gebracht wird und 
ene Benutzung, .,.,. Auaatallung oder anci- MaBnahmen bezieht di- Verbindung fQr .;..., Feo nann naheliegead iat 

•pc Ver6ffentiiohung,dievardemimemalionalenAnmeldeclatum,abernaah •••verctt tr hung di Mitgliedd-.lbenP- tfamir · t 
dem beanapruohtan PrioriUUadatum ver&ffenllioht-n:len ;.t en IC • • n •• • 

1 Datum des Abachluun dar inlemationalen Recherche AbHndedatum dee internaticnalen Recherchenberiohlll 
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Tel. (+31-70) 340-2040, Tx. 31 651 epo n~ Heck, G Fax: (+31-70) 340-3016 
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US 4 628 969 A (JURGENS JR RAYMOND W ET 
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siehe Spalte 2, Zeile 24 - Zeile 39 
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EP 0 496 633 A (EISAI CO LTD ;MICRO DENSHI 
CO LTD (JP)) 29.Juli 1992 
siehe Zusanmenfassung 

US 5 370 861 A (KLAVENESS JO ET AL) 
6.Dezember 1994 
siehe Zusarrmenfassung 
siehe Spalte 3, Zeile 12 - Zeile 19 

Formblatt PCT/ISA/210 (FoJIHlzUng Von Blatt 2) {Juli 1992) 

9,10 

1.2,4. 
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2 
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AU 650186 B 
AU 3022392 A 
BR 9300277 A 
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EP 0553926 A 
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MX 9300441 A 
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30-07-93 
16-03-94 
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----------------------------------------------------------------------EP 0496633 A 29-07-92 
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JP 5277166 A 
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US 5416223 A 
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EP 0452377 A 
NO 300968 B 
AT 111889 T 
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AU 4814290 A 
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12.02.2003 Bulletin 2003/07 
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(22) Date of filing: 15.05.2001 

(84) Designated Contracting States: 
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(30) Priority: 16.05.2000 JP 2000143481 
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(54) METHOD FOR MANUFACTURING SEALING TOOL STERILIZED WITH GASEOUS HYDROGEN 
PEROXIDE 

(57) It is an object to establish a sterilization condi
tion and means for decreasing the amount of a remain
ing sterilization agent as much as possible after steriliz
ing a rubbery sealing tool. In a sterilizing method using 
gaseous hydrogen peroxide, a filling rate of a sample in 
a sterilization bag for a normal type is set to 45 % or 
more and a sterilization condition is set to a hydrogen 
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peroxide treatment of 3 pulses and an aeration pulse of 
20 pulses, thereby carrying out a sterilization treatment. 
Furthermore, it is preferable that a volume rate in a bag 
of an outer bag accommodating the sterilization bag 
should be set to 55 to 12 %. By such setting, a survival 
ratio of 0/1 O of a bacteria cell could be realized at first 
to fifth times of repetition of the sterilization treatment. 
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(54)
PEROXIDE

(57) it is an object to establish a sterilization condi-
tion and means for decreasing the amount of a remain-
ing sterilization agent as much as possible after steriliz-
ing a rubbery sealing tool. in a sterilizing method using
gaseous hydrogen peroxide, a filling rate of a sample in
a sterilization bag for a norrnai type is set to 45 % or
more and a sterilization condition is set to a hydrogen

METHOD FOR MANUFACTURING SEALING TOOL STERILIZED WITH GASEOUS HYDROGEN

peroxide treatment of 3 pulses and an aeration pulse of
20 pulses, thereby carrying out a sterilization treatment.
Furthermore, it is preferable that a volume rate in a bag
of an outer bag accommodating the sterilization bag
should be set to 55 to 12 %. By such setting, a survival
ratio of 0/10 of a bacteria ceil could be realized at first

to fifth times of repetition of the sterilization treatment.

Fig. 1
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Description 

Technical Field 

s [0001] The present invention relates to a method for the production of a variety of sealing tools sterilized with gaseous 
hydrogen peroxide. More specifically, the present invention pertains to a method for the production of a sterilized sealing 
tool, which comprises the step of sterilizing a sealing tool such as a cap, a gasket for a piston or a plunger head inserted 
into an injection cylinder such as a syringe, a tool for preventing liquid leakage such as rubber boots and an elastic 
ring for a bushing orfor fitting a joint such as an O-ring, with hydrogen peroxide vapor, a hydrogen peroxide-containing 

10 gas, or an aerosol of hydrogen peroxide obtained by, for instance, the atomization of a hydrogen peroxide solution. 

Background Art 

[0002] Conventionally, the sterilization of, in particular, machinery and tools for medical use have been carried out, 
15 for a long time, according to the dry sterilization and the sterilization by boiling in hot water. Thereafter, the level of the 

sterilization has been further improved because of the development of the pressurized steam-sterilizing device. In this 
connection, there have been developed and put into practical use the ethylene oxide gas (hereunder abbreviated as 
"EOG") sterilization, the r-ray-irradiation sterilization and the electron beam-irradiation sterilization for treating the ar
ticles to be processed, to which none of the foregoing sterilization methods can easily be applied. 

20 [0003] In this regard, the treatment with ethylene oxide gas (EOG) is advantageous in that the gas can penetrate 
even into fine spaces of articles to be processed, but it has been found that this treatment suffers from the following 
problems: 

First, a considerable amount of the sterilization agent and, for instance, ethylene glycol (hereunder abbreviated 
25 as "EG") and/orethylenechlorohydrin (hereunder abbreviated as "ECH") derived from the sterilization agent remain 

on the articles thus treated even after the sterilization treatment and as a result, a serious problem has been 
indicated such that this would be involved in the production of cancer. 

[0004] Moreover, the r-ray-irradiation sterilization requires neither the exposure of articles to be processed to any 
30 high temperature nor the drying thereof after being wetted with a liquid and is excellent in that this treatment permits 

the sterilization of an article having a complicated shape and even the shaded portions thereof while making the most 
use of the high penetrability and that the r-rays per se is colorless, odorless and tasteless. The electron beam (cathode 
rays) has a penetrability inferior to that of the r-rays, but the sterilizing power thereof while making use of the ability of 
ionizing the object to be treated has sufficiently been highly estimated. 

35 However, they-rays and the electron beams belong to the high energy radioactive rays and forth is reason, the practical 
use thereof has been restricted since the irradiation of an article with y-rays or electron beams may easily deteriorate 
the surface area or the like of the article and a personnel who handles them must be authorized by the license for the 
licensed engineer of radiation. 
Japanese Un-Examined Patent Publication No. Hei 10-24093 (prior reference 1) discloses a sterilization device, which 

40 makes use of gaseous hydrogen peroxide and a sterilization treatment, which makes use of a combination of three 
members: a transfer box, a sterilization chamber and a sterilized container. 
Th is prior reference 1 discloses in the section entitled "Technical Field of the Invention" as follows: the present invention 
relates to a sterilization device and more particularly to a sterilization device for sterilizing the surface of an article, for 
instance, a small-sized container from a synthetic resin such as a container for ophthalmic medicaments or other small-

45 sized molded articles from synthetic resins. 
[0005] In addition, the prior reference 1 cites, in the section "[0004]", Japanese Examined Patent Publication No. 
Sho 60-8826 as a prior art technique forth is invention, refers to the following passage from the section of the reference 
entitled "Method for Washing, Sterilizing and Drying Rubber Stoppers for Vials": the following steps are successively 
conducted: a degassing step, a washing step, a foreign substance-eluting step, a rinsing and washing step and a highly 

so pressurized steam-sterilization step in which highly pressurized steam maintained at a temperature and pressure at 
which the rubber stoppers for vials are not deteriorated is introduced into a steam sterilizer to thus sterilize the rubber 
stoppers for vials and thus indicates that the pressurized steam-sterilization of "the rubber stoppers for vials" is con
ducted in the invention of the foregoing cited reference. 
[0006] However, the prior reference 1 does not directly disclose a method for sterilizing "the rubber stoppers for vials" 

55 with gaseous hydrogen peroxide. More specifically, the prior reference 1 neither refers to nor suggests any specific 
method for sterilizing rubber stoppers (for vials) or rubber caps with gaseous hydrogen peroxide and specific conditions 
for the sterilization, but the prior reference simply and specifically describes, in the latter half of the specification, the 
sterilization device using "containers for ophthalmic medicaments". 
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[0007] As a sterilization technique, which has attracted special interest lately, there may be listed, for instance, a 
gas-irradiation combined method in which gaseous hydrogen peroxide is injected under a high vacuum (about 0.04 
kPa) and thereafter an object is irradiated with plasma beams (charged corpuscular flow). 

s [Problems That the Invention is to Solve] 

[0008] A variety of the foregoing conventional techniques may permit the sterilization of microorganisms attached 
just to the surface of an article to be processed, with difficulty, but this technique cannot sufficiently kill the microor
ganisms penetrating into the slightly interior region of the article to be processed. More specifically, there are, in fact, 

10 many fine and uneven portions on the surface of a sealing tool such as a rubber stopper and therefore, microorganisms 
inevitably penetrate into these fine concave portions of the article. However, the conventional sterilization methods 
using gaseous hydrogen peroxide or hydrogen peroxide vapor cannot kill the microorganisms concealed in these fine 
concave portions of the article to such an extent that the presence of microorganisms can be neglected. 
[0009] The present invention is rather an improved technique of those disclosed in the foregoing prior references 1, 

15 2 and 3, completed by investigating the scope of application thereof on the basis of these prior references. However, 
the purpose of the present invention is to provide a specific sterilization procedure, a sterilizing condition and the like 
which use gaseous hydrogen peroxide when applying, to a rubber gasket and other sealing tools, an effective sterilizing 
method and sterilizing condition which have been neither described nor suggested in any of the prior references. More 
specifically, it is a purpose of the present invention to provide a method for sterilizing a sealing tool and a sealing tool 

20 sterilized using the method. As a result of serious investigations of the procedure and condition and the like, the present 
inventor completed the present invention. 

[Means for Solving the Problems] 

25 [0010] According to the present invention, the desired effects or intended purposes of the present invention can be 
accomplished by combining the following essential elements: 

(1) A method for the production of a sealing tool for setting a filling rate in a sterilization bag for a sample to be 
sterilized to 45 % or more for a gasket for a normal type syringe and to 20 % or more for a gasket for a large-sized 

30 syringe, thereby carrying out sterilization in the case in which a rubbery sealing tool or a sealing tool made from 

an olefinic resin is held as an article to be processed in a sterilization unit under a high vacuum, gaseous hydrogen 
peroxide is then introduced into the sterilization unit, and is held for a predetermined time and is sterilized by at 
least one member selected from the group consisting of active oxygen and radial hydroxide, a clean gas is thereafter 
introduced and is held for a predetermined time to cause a sterilizing substance to penetrate into an inner side of 

35 the article to be processed, thereby setting a sterilizing condition using the gaseous hydrogen peroxide in which 
a sterilization treatment for the article to be processed is one sterilization pulse to a combination of 70 (g/pulse) 
of an aqueous hydrogen peroxide solution (a concentration of 35 % by weight) injection amount X 3 pulses and 
20 pulses of an aeration. An aqueous hydrogen peroxide solution (normally a concentration of 35 % by weight) is 
injected in a predetermined amount [for example, 70 (g/pulse)] into a hydrogen peroxide gas generating device, 

40 and is changed into gaseous hydrogen peroxide in the generating device and is introduced into a sterilizer (or a 
sterilization chamber) through a supply conduit, and then comes in contact with a sample. Thus, the gaseous 
hydrogen peroxide fulfills the function of oxidizing and sterilizing the sample. 
(2) The method for the production of a sealing tool as set forth in the foregoing item 1, wherein the filling rate of 
the sample to be sterilized which is accommodated in the sterilization bag is set to 50 % or more for a gasket for 

45 a normal type syringe and to 20 % or more for a gasket for a large-sized syringe under the sterilization condition, 
thereby carrying out the sterilization. 
(3) A method for the production of a sealing tool, wherein in the case in which a sterilization condition is set to a 
combination of 70 (g/pulse) of an injected amount of an aqueous hydrogen peroxide solution X 4 pulses and 20 
pulses of an aeration, a filling rate of a sample to be sterilized in a sterilization bag is set to 20 % or more for a 

so gasket for a normal type syringe or a gasket for a large-sized syringe, thereby carrying out the sterilization. 
(4) The method for the production of a sealing tool as set forth in any one of the foregoing items 1 to 3, wherein 
the number of repetitions of the aeration pulse to be carried out next to a sterilization pulse in the sterilization 
treatment is 30 pulses or more. 
(5) The method for the production of a sealing tool as set forth in any one of the foregoing items 1 to 3, wherein 

55 the number of repetitions of the aeration pulse is 5 to 50 pulses or more. 
(6) The method for the production of a sealing tool as set forth in any one of the foregoing items 1 to 4, wherein 
the sterilization pulses and the aeration pulses are, in advance, conducted in combination. 
(7) The method for the production of a sealing tool as set forth in any one of the foregoing items 1 to 5, wherein 
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an outer bag further accommodating the sterilization bag having the article to be processed is mounted in a porous 
container for mounting with a volume rate of 12 to 55 % , thereby carrying out the sterilization treatment. 
(8) The method for the production of a sealing tool as set forth in any one of the foregoing items 1 to 5, wherein 
the article to be processed is at least one member selected from a rubber cap, a rubber gasket, a gasket for a 

s piston (plunger) to be inserted into an injection cylinder (syringe), a tool for preventing liquid leakage such as 
rubber boots, and an elastic ring for a bushing and for fitting a joint. 
(9) The method for the production of a sealing member as set forth in any one of the foregoing items 1 to 7, wherein 
rubber is at least one member selected from the following conjugated diene rubber and non-conjugated diene 
rubber: the conjugated diene rubber being natural rubber, a variety of synthetic rubber materials, blends of each 

10 comprising at least two of these natural and synthetic rubber materials and copolymer rubber comprising repeating 
units of these rubber materials and other repeating units copolymerizable therewith, wherein the synthetic rubber 
comprises 1,4-cis-polyisoprene rubber obtained by 1 ,4-addition polymerization of isoprene, which is a repeating 
unit mainly constituting the natural rubber, 1,4-cis-polybutadiene rubber and isobutene-isoprene copolymer rubber; 
the non-conjugated diene rubber being copolymer rubber materials of at least two 1-olefins or multi-component 

15 copolymer rubber materials obtained bycopolymerizing these monomers with third non-conjugated dienes, where
in the copolymer rubber materials of at least two 1-olefins is at least one member selected from the group consisting 
of ethylene-propylene (copolymer) rubber, ethylene-1-butene copolymer rubber and propylene-1-butene copoly
mer rubber, and wherein the multi-component copolymer rubber obtained by copolymerizing these monomers with 
a third non-conjugated diene is at least one member selected from the group consisting of ethylene-propylene-

20 1 ,4-hexadiene copolymer rubber, ethylene-propylene-methylene norbornene copolymer rubber and ethylene-pro
pylene-ethylidene norbornene copolymer rubber. 
(i 0) The method for the production of a sealing tool as set forth in any one of items i to 8, wherein the thermoplastic 
elastomer (thermoplastic rubber) is a polymer or a kneaded composition (kneaded mixture) of at least two polymers, 
which simultaneously has characteristic properties of thermoplastic resin and elastomer; the polymer composition, 

25 which can be formed into a variety of shapes as set forth in the molding method applicable to the resin and can 
be subjected to vulcanization treatment (crosslinking treatment) applicable to the elastomer, is at least one kneaded 
composition selected from the group consisting of kneaded compositions of polyolefin resins and ethylene-propyl
ene (copolymer) rubber, kneaded compositions of polyolefin resins and ethylene-propylene-non-conjugated diene 
copolymer rubber and kneaded compositions of propylene-i-butene copolymer resins and ethylene-propylene-

30 non-conjugated diene copolymer rubber. 
(11) The method for the production of a sealing tool as set forth in any one of items i to 9, wherein the thermoplastic 
elastomer is a thermally kneaded composition comprising at least one member selected from the group consisting 
of polyethylene resins, polypropylene resins, poly-i-butene resins, poly-4-methyl-i -pentene resin and poly-1-hex
ene resins; and at least one member selected from the group consisting of ethylene-propylene-1,4-hexadiene 

35 copolymer rubber, ethylene-propylene-methylene norbornene copolymer rubber and ethylene-propylene-ethyli
dene norbornene copolymer rubber. 

[Brief Description of the Drawings] 

40 [0011] Fig. i is a schematic circuit diagram showing a preferred embodiment of the sterilization device according to 
the present invention. Fig. 2 is a chart or a flow diagram showing an example of the sterilization cycle according to the 
present invention, in which the time is plotted as abscissa (1 O min/scale) and the internal pressure of the device is 
plotted as ordinate, and the pressure is expressed in terms of kPa (Torr) unit. Fig. 3 shows the correlation between the 
storage time after the completion of the sterilization and the concentration of the residual hydrogen peroxide, in which 

45 the storage time (day) is plotted as abscissa, while the residual hydrogen peroxide concentration (µgig) is plotted as 
ordinate. Fig. 4 shows the correlation between the degassing time (h) and the residual EO concentration (µg/g) ob
served on a sample when using ethylene oxide gas (EOG) as a conventional sterilization agent, in which the degassing 
treatment time (h) is plotted as abscissa and the residual EO concentration (µg/g) is plotted as ordinate. Fig. 5 shows 
the correlation between the degassing time (h) and the residual EG concentration (µgig) observed when using EOG 

so as a conventional sterilization agent, in which the degassing treatment time (h) is plotted as abscissa and the residual 
EG concentration (µgig) is plotted as ordinate. Fig. 6 shows the correlation between the degassing time (h) and the 
residual ECH concentration (µgig) observed when using EOG as a conventional sterilization agent, in which the de
gassing treatment time (h) is plotted as abscissa and the residual ECH concentration (µg/g) is plotted as ordinate. 

55 i Sterilization device (whole) used in the method according to the present invention; 
2 Sterilization treatment unit (sterilization chamber); 
4 Gaseous hydrogen peroxide supply conduit; 
6 Gaseous hydrogen peroxide supply device; 
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8 Switching valve fitted to the gaseous hydrogen peroxide supply conduit on the side of the sterilization chamber; 
1 0 Switching valve fitted to the gaseous hydrogen peroxide supply conduit on the side of the gaseous hydrogen 
peroxide supply device; 
12 Vacuum pump (aspiration means); 

s 14 Evacuation conduit; 
16 Switching valve fitted to the evacuation conduit on the upstream side of the vacuum pump; 
18 Switching valve fitted to the delivery conduit on the downstream side of the vacuum pump; 
20 Catalyst charged in the delivery conduit; 
21 Sterilization bag (sterilization basket; not shown); 

10 22 Separate switching valve positioned between two switching valves fitted to the gaseous hydrogen peroxide 
supply conduit and communicated to the air-intake opening; 
23 Extended conduit for connecting the separate switching valve and the air-intake opening; 
24 Air-intake opening; 
26 Sterilizing filter; 

15 28 manometer for detecting the internal pressure of the sterilization chamber; 
30 Thermometer for detecting the internal temperature of the sterilization chamber. 

[Best Mode for Carrying out the Invention] 

20 <As to the Gaseous hydrogen Peroxide> 

[0012] The term "gaseous hydrogen peroxide" used for carrying out the method for the production of a sealing tool 
by sterilization according to the present invention includes hydrogen peroxide vapor, a hydrogen peroxide-containing 
gas or an aerosol of hydrogen peroxide prepared by, for instance, atomization of a hydrogen peroxide solution. 

25 [0013] In this respect, the hydrogen peroxide vapor means an oxidizing gas mainly comprising a hydrogen peroxide 
gas volatilized from a hydrogen peroxide aqueous solution having a concentration of not less than 30% by weight, 
preferably, 35% by weight and the hydrogen peroxide aqueous solution generates a hydrogen peroxide gas exhibiting 
even higher oxidation power as the concentration of the solution increases. In other words, the higher the content of 
hydrogen peroxide molecules in the vapor thus generated, the higher the efficacy of the vapor as the sterilization agent. 

30 Referring to such a sterilization action, it is understood that hydrogen peroxide molecules are decomposed on the 
sterilization conditions and generates at least one of the group consisting of active oxygen and hydroxide radical, the 
active oxygen or hydroxide radical thus generated or both of them exert(s) an oxidization action on the intended bacteria 
cells and the like which are to be oxidized and decomposed. For example, the "concentration of 35% by weight" is not 
restricted to a very precise value but usually means a concentration band having a flow with the "concentration of 35% 

35 by weight (or 35 wt%). 
[0014] In addition, the hydrogen peroxide-containing gas herein used also includes an oxidizing gas entrained by 
an inert gas stream obtained when such an inert gas, in general, a gas inert to hydrogen peroxide such as nitrogen 
gas and air is passed through a hydrogen peroxide aqueous solution. 
[0015] Moreover, the term "an aerosol of hydrogen peroxide prepared by atomization of a hydrogen peroxide solution" 

40 used in another embodiment of the method for the present invention means a gas-liquid mixed system obtained by 
converting an aqueous hydrogen peroxide solution into fine droplets, using an atomizer as an atomizing device to such 
an extent that the resulting aerosol is almost identical to a gas. The effect thereof as an oxidizing agent is likewise 
substantially identical to that observed for the gaseous hydrogen peroxide. 

45 <As to Conditions of Sterilization Treatment> 

[0016] The conditions of the treatment to be used in the present invention depends on the size of a sample to be 
treated, a filling rate in a sterilizing device, the state of a surface of the sample, and the concentration of gaseous 
hydrogen peroxide to be used and the number of sterilization pulses. 

so [0017] According to the experiment of the present inventor, it was observed that a survival ratio (a survival ratio of 
bacteria cells) is rather low when a filing rate of the sample in a sterilization bag is high, and the survival ratio tends to 
be increased if the filling rate is reduced (second to fifth embodiments). 
[0018] As a result of investigations of a sterilization bag to be used for accommodating a sample to carry out a 
sterilization treatment, an outer bag for further accommodating the sterilization bag having the sample, a porous con-

55 tainer (for example, a basket) for housing the outer bag accommodating the sterilization bag having the sample and 
having an opening sealed in a sterilizing device (a sterilizer) by a stacking process, and a process for mounting the 
outer bag in the porous container (the number of the outer bags and the presence of a dummy bag), it was observed 
that the survival ratio also tends to be reduced (the sterilization effect is increased) with a reduction in a rate (a volume 

5 

Regeneron Exhibit 1068.100 
Regeneron v. Novartis 

IPR2020-01317



5 

EP 1 283 061 A1 

rate) of a volume (an outer volume) of the sterilization bag to an inner volume of the porous container (sixth embodi
ment). 

<As to Materials for Articles to be processed> 

[0019] Articles (subjects to be processed) treated by the sterilization method according to the present invention are 
not restricted to any particular one, but favorably used herein include a variety of sealing tools since if the sterilization 
method for the present invention is applied thereto, the desired effects of the present invention can be ensured. As 
materials for these sealing tools, there may be listed, for instance, glass, ceramic wares and metals whose surface is 

10 hard and smooth, since it is very easy to achieve conspicuous effect of the present invention in case where the method 
is applied to these sealing tools having smooth and hard surface. 
[0020] On the other hand, the results of the amount of hydrogen peroxide remaining in an article to be processed 
such as a sealing tool, a container, a joint a cap or a plunger, which is formed from a resin and whose surface gives 
such an impression that it is apparently hard, variously vary depending on the kinds of resins used immediately after 

15 the sterilization treatment (through an aeration stage) or after several days from the treatment. In general, it has been 
found that the residual amount of hydrogen peroxide is substantially small if using a polyolefin resin (PO; 1-olefinic 
resin) such as polyethylene (PE) or polypropylene (PP) and poly(tetrafluoroethylene) (PTFE) as such a resin material 
and therefore, these resins can suitably be used in the present invention. 
[0021] If the sealing tool is formed from a soft material such as rubber (an elastomer) or a thermoplastic elastomer 

20 (thermoplastic rubber; TPE or TPR), however, the sterilization effect is rather lower than expected. The reason of this 
has not yet been clearly elucidated, but it would be most probable that this is because the formation of a large number 
of fine unevenness on the surface (exterior). 
[0022] As has been discussed above, the usual sterilization treatment with liquid hydrogen peroxide hardly kills the 
microorganisms penetrated into the interior of an article to be processed slightly behind the surface thereof. In this 

25 connection, it would be estimated that microorganisms may easily penetrate into the interior of a soft material such as 
rubber (an elastomer) or a thermoplastic elastomer (thermoplastic rubber), while hydrogen peroxide as a sterilization 
agent hardly penetrates into the interior thereof as compared with microorganisms and accordingly, it would be difficult 
that the sterilization agent is brought into contact with such microorganisms. 
[0023] The foregoing rubber (or elastomer) material can roughly be divided into the conjugated diene rubber and the 

30 rubber other than the conjugated diene rubber (the non-conjugated diene rubber). 

• Examples of conjugated diene rubber materials are natural rubber (NR), a variety of synthetic rubbers, blends of 
at least two members selected from these natural and synthetic rubber materials or copolymer rubber materials 
comprising repeating units of these rubber materials and other repeating units copolymerizable therewith. Specific 

35 examples of synthetic rubber materials are 1,4-cis-polyisoprene (IR) rubber obtained by 1 ,4-addition polymerization 
of isoprene, which is a repeating unit mainly constituting the natural rubber, 1 ,4-cis-polybutadiene rubber (BR) and 
isobutene- isoprene copolymer rubber (IIR; also referred to as "butyl rubber''). In this respect, halogen-substituted, 
in particular, chlorine-substituted derivatives of the foregoing various rubber materials have likewise widely been 
employed. Preferred examples thereof are chlorobutyl rubber materials. 

40 • The non-conjugated diene rubber is a copolymer rubber material of at least two 1-olefins or a multi-component 
copolymer rubber material obtained by copolymerizing these monomers with a third non-conjugated diene mon
omer. Specific examples thereof are listed below. 

[0024] The copolymer rubber material of at least two 1-olefins is, for instance, ethylene-propylene copolymer rubber 
45 (EPM), ethylene-1-butene copolymer rubber (EBM) or propylene-1-butene copolymer rubber (PBM). 

[0025] The multi-component copolymer rubber (EPDM) obtained by copolymerizing at least two 1-olefins with a third 
non-conjugated diene is, for instance, ethylene- propylene-1,4-hexadiene copolymer rubber, ethylene-propylene-dicy
clopentadien, ethylene-propylene-methylene norbornene copolymer rubber and ethylene-propylene-ethylidene nor

bornene copolymer rubber. 
so [0026] On the other hand, the thermoplastic elastomer (thermoplastic rubber) is a polymer simultaneously having 

characteristic properties of both the thermoplastic resin and the elastomer. More specifically, it can be formed into a 
variety of shapes depending on the molding processes selected and can be subjected to a vulcanization treatment 
(crosslinking treatment), which is usually applied to the elastomer. For this reason, the molded body obtained from the 
thermoplastic rubber is flexible, not so low as to the rubber material itself, but the rubber component alone is not 

55 extracted from the thermoplastic rubber material by solvent extraction thereof. This would be because the resin moiety 
and the elastomer moiety of the thermoplastic rubber are chemically bonded together. If it is difficult to make an elas
tomer material crosslinked, however, the thermoplastic rubber material also includes those obtained by kneading resins 
with elastomers free of such crosslinking therebetween. 
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[0027] In addition, if the elastomer moiety has an ability of crosslinking, but the degree of crosslinking seems to 
remain relatively low, however, such cross linking is in general referred to as "partial crosslinking" or "half cross linking". 
[0028] Various kinds of thermoplastic elastomers (TPE; or TPR: thermoplastic rubber materials) can be used in the 
sterilization method for the present invention as the material for the article to be processed. However, suitably used 

s herein are, from the practical standpoint, partially crosslinked (or half-crosslinked) olefinic thermoplastic elastomers 
prepared by kneading, at a high temperature, a composition (or a mixture) containing thermoplastic polyolefin resins 
(PO) and multi-component copolymer rubber (EPDM) materials or further kneading the foregoing composition at a 
vulcanization temperature in the coexistence of a radical initiator (a crosslinking agent or a vulcanizing agent) such as 
a peroxide. 

10 [0029] Examples of these olefinic thermoplastic elastomers (TPO) include those comprising, as ingredients, a com
bination of a polyolefin resin (PO) such as a polyethylene resin (PE) with an ethylene-propylene-ethylidene norbornene 
copolymer rubber (E-P- ENB) material; a combination of a polyethylene resin (PE) with an ethylene-propylene- meth
ylene norbornene copolymer rubber (E-P-MNB) material; and a combination of a polyethylene resin (PE) with an eth
ylene-propylene-1,4-hexadiene copolymer rubber (E-P-HXD) material; as well as the foregoing various combinations 

15 in which the polyethylene resin (PE) component is replaced with at least one member selected from the group consisting 
of polypropylene resins (PP) and propylene-1-butene copolymer resins. 

20 

[0030] The sterilization method according to the present invention, which makes use of gaseous hydrogen peroxide, 
permits the substantially effective sterilization of even the foregoing microorganisms penetrated into the interior of the 
article to be processed, whose extermination has conventionally been considered to be quite difficult. 

<Kinds of Articles to be Processed> 

[0031] Specific examples of the articles to be processed include wide variety of articles such as rubber stoppers 
(rubber gaskets), rubber caps, rubber gaskets, gaskets (also referred to as "plunger rubber'') for pistons (or plungers) 

25 inserted into injection cylinders (syringes), tools for preventing liquid leakage such as rubber boots and elastic rings 
for bushing, sheath, sleeves and for fitting (interposition) joints, for instance, O-rings (O-rings and rings having an 
approximately circular cross section). The foregoing "rubber stoppers" mainly includes gaskets for syringes (injection 
cylinders). In this connection, the articles to be processed according to the process of the present invention may likewise 
include tools of glass, metals, ceramics (including ceramic wares) and plastics as well as the sealing tool. In case 

30 where these tools have porous inner surfaces (porous wall surfaces), however, the walls thereof, which come in contact 
with the sterilization agent, are preferably treated, in advance, so that they can block any penetration of the sterilization 
agent. This is because, if the walls are not pre-treated, the removal of the residue after the sterilization often requires 
a great deal of labor. In order to prevent hydrogen peroxide from remaining after the treatment, particularly, it is important 
that inner wall surfaces (to be treated) of the tools are not hydrophilic. 

35 [0032] The term "rubber" or "rubbery" frequently used in the present invention means isobutene-isoprene copolymer 
rubber (abbreviated as "IIR"; common name: "butyl rubber"). This copolymer rubber (IIR) is excellent, in particular, in 
the gas-barrier ability and accordingly, it has widely been used in the field of goods for medical use. However, silicone 
rubber (SR) and fluororubber may be used in special cases since the former is excellent in self-lubricating properties 
and has high temperature stability and chemical stability (resistance to chemicals) as compared with the butyl rubber 

40 (IIR) and the latter surpasses the quality of the silicone rubber. The "butyl rubber" used in the present invention also 
includes those commonly referred to as "butyl rubber" (this is in fact chlorobutyl rubber or butyl rubber obtained by at 
least partially substituting a large number of hydrogen atoms bonded to the II R molecular chain with chlorine atoms). 
[0033] Preferred embodiments according to the present invention will hereunder be described in more detail with 
reference to the accompanying drawings and Tables given below. However, the present invention is not limited to the 

45 scope of these specific embodiments at all. 

[Description of the Invention Based on the Drawings] 

[0034] The present invention will hereunder be described more specifically with reference to the drawings attached 
so hereto. However, the present invention is by no means limited by the following description and the accompanying 

drawings. 

<Sterilization (Treatment) Unit> 

55 [0035] A large number of rubbery sealing tools as the articles to be processed are in general accommodated in the 
body of a sterilization chamber (another name: "sterilization unit": sterilizer or sterilizer device) 2. In case where the 
rubbery sealing tool is a stopper or plug having a tubular or columnar shape, it is sufficient that the sterilization chamber 
(sterilizer) 2 is a hollow body having an inner volume generally ranging from 50 to 30000 L (0.05 to 30 m3) and preferably 
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1000 to 150000L (1 to 150 m3). 

[0036] Gaseous hydrogen peroxide is fed to the sterilization chamber 2, through a conduit 4 for the introduction of 
the gaseous hydrogen peroxide (hereunder abbreviated as "introduction conduit") fitted thereto on the upstream side. 
This gaseous hydrogen peroxide sterilizes the articles to be processed in the chamber and after the elapse of a desired 

s mean retention time, it is discharged through a suction conduit (discharge conduit) 14 fitted to the sterilization chamber 
on its downstream side. 
[0037] In the interior of the sterilization chamber 2, rubber stoppers (not shown; a tubular shape having the foregoing 
specifications; total number: 36000) as the articles to be processed are accommodated in sterilization bags (not shown; 
each containing about 500 articles) and every 50 sterilization bags are, in order, arranged within the sterilization cham-

10 ber 2, so that they come close to one another and extend from the upstream side (top plate side) towards the down
stream side (bottom plate side). 
[0038] It is preferred to control the degree of the opening or vacant space (space ratio), which is defined to be a rate 
of the space within the sterilization chamber 2 (inner volume: about 8.6 m3) other than that occupied by the articles to 
be processed and, in case where means for putting or suspending the articles is used, occupied by both the articles 

15 and the means, in general ranges from 10 to 85% and preferably 50 to 70%. 
[0039] In the present invention, it is preferred to pass gaseous hydrogen peroxide having a hydrogen peroxide con
centration ranging from 0.5 to 4.0 mg/L (Liter), preferably 1.5 to 2.5 mg/L through the sterilization chamber 2 at an 
average flow rate ranging from 1000 to 10000 Umin and preferably 3000 to 5000 Umin. The sterilization chamber 2 
is appropriately maintained at a mean internal temperature ranging from 15 to 55°C, preferably 20 to 40°C and at an 

20 average pressure ranging from 0.002 to 0.04 atm, preferably 0.005 to 0.015 atm. 

25 

[0040] If the sterilization treatment is carried out in this sterilization chamber 2 under the foregoing treating conditions 
for an average treating time ranging from 30 to 240 min, preferably 45 to 120 min, the viable count of bacterial cells: 
Bacillus Stearothermophilus ATCC 12980 remaining on the surface of the rubber stopper can be reduced to SAL= 
10EXP(-6) (= 10-s). 

<Volume Rate in Sterilization Unit (Sterilizer; Sterilization Chamber> 

[0041] It is preferable that a sterilization bag should not be exactly mounted in a sterilization device but be mounted 
in a state of accommodation in an outer bag. The outer bag is further mounted in a porous container and a gaseous 

30 sterilization agent penetrates from an upper opening of the outer bag through a bottom and a side wall of the container 
and penetrates into the sterilization bag from a bottom surface in contact with the outside of the sterilization bag. In 
the sterilization bag, moreover, the sterilization agent penetrates into the bag from a bottom portion so that the sterili
zation agent gas can uniformly permeate into the bag easily. More specifically, the sterilization agent can fully come 
in contact with the surface of a sample accommodated in the sterilization bag. A box-shaped container referred to as 

35 a basket is usually used as a porous container conveniently. The box-shaped container has an advantage that it can 
be stacked in multistage and the limited floor area can be utilized very effectively. 
[0042] The sterilization bag (inner bag) usually used is a polyolefin synthetic paper, for example, a gazette type bag 
formed of a polyethylene synthetic paper or a flat bag formed of a polyethylene synthetic paper, and a layer thereof is 
constituted by a three-layer laminated film in which a polyethylene (PE) layer and a polypropylene (PP) layer are 

40 laminated on a base layer [trade name: Tyveck 10738 (produced by Du Pont Co., Ltd.)]. The bag has three kinds of 
lengths and has a normal outer dimension of a width 380 mm X a thickness (upward 80 mm + downward 80 mm) X a 
length 350 mm, 500 mm or 800 mm. It is sufficient that the outer dimension of an outer bag formed of polyethylene 
having a low density further accommodating a sterilization bag having a sample to be sterilized (the sterilization bag 
containing the sample) can fully accommodate the sterilization bag containing the sample. 

45 [0043] In other words, the outer dimension of the outer bag is properly selected according to the standards of the 
sterilization bag. For reference, an outer bag which is used most often has an outer dimension of a length 900 mm X 
a width 750 mm and has a mean thickness of 0.04 mm. The outer bag to be used most often is a flat polyethylene bag. 
As a matter of course, it can be approved that the outer dimension of the outer bag has a tolerance of approximately 
±10%. 

so [0044] It is premised that the basket to be usually used as a porous container for mounting the outer bag having the 
example can stand the weight of the mounted article and a self-weight and has such a strength as to stand the loads 
of the basket stacked thereon and the mounted article when it is piled up. In addition, it is premised that such a reduction 
in the strength as to make troubles is not generated even if the basket is exposed to a hydrogen peroxide gas (gaseous 
hydrogen peroxide) for a long time. Accordingly, it is preferable that the material of the basket should be a synthetic 

55 resin, particularly, a synthetic resin rarely containing an unsaturated linkage, a fiber-reinforcedmaterial or a metal. While 
a mineral fiber such as a glass fiber, a carbon fiber or a metallic fiber is suitable for the fiber for reinforcement, a fiber 
made from a synthetic resin can also be used for the reinforcement depending on circumstances. In this case, the 
synthetic resin fiber for the reinforcement may be made from a thermosetting resin or a thermoplastic resin and it is 
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desirable that a crystal melting point or a softening point of the latter resin should be much higher than that of a base 
resin (matrix resin), for example, should be higher by 10°c or more, preferably 20°c or more. 
[0045] The basket used in the present invention is classified into three types for each content, and a basket 1 (inner 
volume : 45 L) , a basket 2 (inner volume : 62 L) and a basket 3 (inner volume : 161 L) are employed. 

s [0046] Two outerfilled bags are mounted in parallel in the baskets. An experiment is carried out in a sixth embodiment 
and the result thereof is shown in Table 8. 
[0047] It is defined that a volume rate (%)=an outer volume (an occupied volume) of a filled outer bag/ an inner 
volume of a basket is set. The interpretation of data in the Table 8 based on the definition of the volume rate is as follows: 

10 • A survival ratio could not be always set to 0/1 O for the number of times of sterilization of 1 to 5 with a volume rate 
to be a maximum set value of 67 %. 

• However, the survival ratio could be set to 0/1 O for the number of times of sterilization of 1 to 5 with a volume rate 
of 48 % and 16 %. 

15 <Sample Filling Rate in Sterilization Bag> 

[0048] According to the investigation of the present inventor, a ratio (a filling rate) of the sample to be sterilized in 
the sterilization bag is shown in Tables 4 to 7. The following is apparent from the Tables 4 to 7: 
[0049] In the case in which a gasket for a normal type syringe (VF1 : outer diameter 7 mm X overall height 6 mm; 

20 VF3 : outer diameter 9 mm X overall height 8 mm ; VF5 : outer diameter 12 mm X overall height 1 O mm) is to be filled 
in the sterilization bag, it is desirable that a filling rate should be set to 45 % or more, preferably, 50 % or more in order 
to always cause a survival ratio to reach 0/10 in the sterilization treatment in which the sterilization condition is set to 
an injection amount of hydrogen peroxide to be a sterilization agent 70 (g/pulse) X 3 pulses+ aeration 20 pulses. 
On the other hand, in the case in which a gasket for a large-sized syringe (outer diameter 42 mm X overall height 36 

25 mm ; a gasket of a plunger, a piston portion of the plunger) is filled in the sterilization bag and the sterilization condition 
is set to an injection amount of hydrogen peroxide 70 (g/pulse) X 3 pulses + aeration 20 pulses to carry out the steri
lization treatment, it is apparent from the Table 7 that the survival ratio can always reach 0/1 O with a filling rate of 73 
%, 53 % or 26 %. 

30 <Final Result> 

35 

[0050] The surface and the surface layer portion in a sterilized rubber gasket thus obtained can be sterilized up to 
SAL= 10 EXP (-6) in bacteria cells having a name of "Bacillus Stearothermophilus ATCC 12980" to be the indicator 
bacteria of the hydrogen peroxide sterilization. 

<Conditions and Procedures of Sterilization Treatment> 

[0051] We will hereunder describe in detail the conditions for the sterilization treatment used in the present invention 
such as the concentration of gaseous hydrogen peroxide (including hydrogen peroxide gas and hydrogen peroxide 

40 vapor) or the content of the "hydrogen peroxide", the flow rate of the gaseous hydrogen peroxide, the treating temper
ature and pressure, the shape and the placed condition of the treating unit, the placed condition of the article to be 
processed (such as placed position, placed density and the direction of place), the treating time and the degree of 
agitation in the treating unit. 

45 (1) Gaseous Hydrogen Peroxide 

[0052] 

(1. i) Concentration: The content of hydrogen peroxide (H20 2) in general ranges from 2.9 to i 4. 7 mol/L, preferably 
so 8.8 to i 0.3 mol/L; or 100 to 500 g/L and preferably 300 to 350 g/L. 

(1.2) Flow Rate: This is in general controlled to the range of 500 to 5000 Uh (N.T.P.) and preferably i 400 to 2400 
Uh (N.T.P.). 
(1 .3) Treating Temperature and Pressure: They are in general adjusted so as to fall within the range of 15 to 55°C 
and 0.2 to 50 Pa, preferably 20 to 40°C and 0.5 to 30 Pa, respectively. 

55 (1.4) Shape and Placed Condition of Sterilization Chamber 2: A fixed hollow rectangular prism (chamber, unit or 
container) or a rotatable and/or rollable hollow cylinder (drum); in this connection, spherical bodies (such as steel 
balls) or other means for accelerating the mutual contact may be coexistent in the drum. 
(1.5) Shape and Placed Condition of Article to be Processed: The article to be processed may have a variety of 
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shapes such as a columnar shape, a truncated cone-like shape, a tubular shape, a circular disk-like shape, a 
flanged columnar shape and a hollow single-ended cap. They may be treated in a box-like or bath-shaped steri
lization chamber, while they are randomly accommodated in sterilization bags and the resulting bulk materials are 
placed or suspended in the chamber; or in a rotatable and/or rollable drum, while they are accommodated in 

s sterilization bags, by the action of the rotation and/or rolling of the sterilization chamber in an irregularly oriented 
(randomly arranged) condition. 

Manner of Arrangement of Articles to be Processed: There has widely been adopted a method in which a large 
number (several thousands of articles/sterilization bag) of articles (for instance, "syringe gasket"; another name: 
"syringe piston") to be processed are randomly (irregularly) accommodated in bags. In case where the articles are 

10 treated in a rotatable and/or rollable drum according to an alternative method, this irregular accommodation thereof 
in sterilization bags is likewise adopted in most of cases and it is sufficient for these methods to accomplish the 
usual purpose and to thus sufficiently achieve a desired effect. 
(1.6) Mannerof Contact within Treating Chamber: As an embodiment usually adopted for the sterilization of normal
sized syringe gaskets, for example, VF1 (outer diameter 7.0 mm X overall height 6 mm), VF3 (outer diameter of 

15 9.0 mm X overall height B mm) and VF5 (outer diameter 12.0 mm X overall height 10 mm), about 2000, 10000 or 
4000 syringe gaskets are in general accommodated in a sterilization bag and about 50 bags filled with the syringe 
gaskets are subjected to the sterilization treatment in one lot, in a batchwise manner. 

20 

<Preferred Embodiments> 

[0053] Fig.1 is a circuit diagram showing the outline of a sterilization device according to one embodiment of the 
present invention. In Fig. 1, the reference numeral 2 represents a "sterilization chamber" for accommodating articles 
to be processed with in the sterilization device and a device 6 for the supply of gaseous hydrogen peroxide is connected 
to the sterilization chamber 2 through a conduit 4 for the supply of gaseous hydrogen peroxide. Switching valves 8 and 

25 1 0 are fitted to the gaseous hydrogen peroxide supply conduit 4 on the side of the sterilization chamber 2 and on the 
side of the gaseous hydrogen peroxide supply device 6, respectively. 
[0054] In addition, a vacuum pump 12 for evacuating the gas present in this sterilization chamber 2 is connected to 
the sterilization chamber 2 through an evacuation (or aspiration) conduit 14 and a switching valve 16. The gas aspirated 
by the vacuum pump 12 is externally discharged from the device after coming in contact with a catalyst 20 positioned 

30 in an exhaust conduit 18 arranged on the downstream side. Moreover, an air-intake opening 24 is connected to the 

chamber 2 through a separate switching valve 22 and extension conduit 23 positioned between the foregoing two 
switching valves 8 and 10, which are arranged on the gaseous hydrogen peroxide supply con du it 4. The air is introduced 
into the sterilization chamber 2 through the air-intake opening 24 and a sterilization filter 26, which is connected to the 
gaseous hydrogen peroxide supply conduit 4. The sterilization chamber 2 is equipped with a pressure indicator 28 and 

35 a thermometer 30 for detecting the internal pressure and temperature of the chamber 2, respectively. 

<<Sterilization Pulse and Aeration Pulse>> 

[0055] We will hereunder explain in more detail the sterilization steps using the sterilization device having the struc-
40 ture described above. First of all, articles to be processed (articles to be sterilized; not shown) are introduced into the 

sterilization chamber 2 according to a variety of introduction methods and then the sterilization chamber 2 is sealed 
by closing the door thereof. At this stage, the internal pressure of the chamber 2 is approximately equal to the atmos
pheric pressure. 
[0056] Then, the vacuum pump 12 is put into operation and the switching valve 16 fitted to the aspiration conduit 14 

45 of the vacuum pump 12 is opened to aspirate or evacuate the sterilization chamber 2 and to thus establish a high 
vacuum within the chamber. The degree of the high vacuum commonly used in the sterilization pulse according to the 
present invention is initially about 0.13 kPa (1 Torr). Then after a desired degree of vacuum is established within the 
chamber, the switching valve 16 on the vacuum pump 12 side is closed, followed by opening the switching valves 8 
and 1 0 arranged on the gaseous hydrogen peroxide supply conduit 4 to thus introduce the gaseous hydrogen peroxide 

so accommodated in the gaseous hydrogen peroxide supply device 6 into the sterilization chamber 2 through these valves 
and to uniformly distribute the gaseous hydrogen peroxide within the chamber 2. The concentration (internal gas con
centration) of the gaseous hydrogen peroxide usually used at this stage is about 1500 ppm. 
[0057] It is important to supply gaseous hydrogen peroxide in a desired amount. More specifically, if the amount of 
the gaseous hydrogen peroxide supplied is too great, it is difficult to maintain the gaseous hydrogen peroxide in the 

55 sterilization chamber 2 in a gaseous state. However, the internal air pressure of the sterilization chamber 2 is extremely 
low as a result of the evacuation by the vacuum pump 12 and accordingly, the partial pressure of the gaseous hydrogen 
peroxide in the chamber is in fact increased. 
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<< Parameters for Operating Sterilization Cycle>> 

[0058] According to an embodiment described in the following Table 1, one sterilization pulse in the sterilization step 
of the present invention is maintained at a high vacuum state in general for 4 minutes, then the switching valve 22 

5 connected with the air-intake opening 24 is opened to introduce sterilized air, which has passed through the sterilization 
filter 26, into the sterilization chamber 2 and the chamber is maintained at this state usually for 6 minutes so that the 
gaseous hydrogen peroxide can enter into and/or penetrate into the whole portions of the articles to be processed. As 
a result, the internal pressure of the sterilization chamber 2 rises up to the usual pressure of 21.98 kPa (165 Torr) 
slightly higher than the vacuum state. Thereafter, the foregoing sterilization pulse is in general repeated over desired 

10 times (desired number of pulses). It is in general sufficient to repeat this sterilization pulse twice, but the pulse is 
preferably repeated 4 times. 
Subsequent to this sterilization pulse, an aeration pulse is carried out. This aeration pulse comprises the steps of 
introducing sterile air into the sterilization chamber 2 to establish a desired pressure therein and maintaining the cham
ber 2 at that condition for a predetermined period of time to thus remove the residual hydrogen peroxide from the 

15 chamber 2. To achieve the purpose of the aeration pulse, it is sufficient to set the time required for this aeration pulse 
to about 7 minutes/pulse. 
This aeration pulse is usually repeated over desired times. The repeated number of the aeration pulses is in general 
set at about 20. A series of these pulses permit the effective execution of a desired sterilization treatment. The param
eters (conditions for operations) involved in the sterilization cycle of the present invention will be illustrated in the 

20 following Table 1. 

Table 1: 

Parameters for Sterilization Cycle 

25 Sterilization Step Subject to be Established Value Established 

Dry Phase Number of 1st Drying Pulse 1 Pulse 

Established Pressure in the 1st 1.33 kPa (10 
Drying 

30 Pulse Torr) 

Number of 2nd Drying Pulse 1 Pulse 

Established Pressure in the 2nd 0.13 kPa (1 Torr) 
Drying 

35 Pulse 39.99kPa (300 

Established Pressure at the Torr) 
Pressure 

Restoration 
40 

Leakage Test Established Pressure at Pressure 0.13kPa (1 Torr) 

Reduction 5 minutes 

Retention Time in Leakage Test 6.66kPa (50 

45 Established Pressure at the Torr) 
Pressure 

Restoration 

50 

55 
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Table 1: (continued) 

Parameters for Sterilization Cycle 

Sterilization Step Subject to be Established Value Established 
5 

Sterilization Phase Number of Sterilization Pulse 4 Pulses 

Established Pressure at Pressure 0.13kPa (1 Torr) 

Reduction 40 g (35%Aq. 

10 Amt. Of Sterilization agent per Sain.) 
Pulse 

Retention Time Immediately After 4 minutes 

Injection of the Sterilization Agent 

15 Established Pressure at the 21.98kPa (165 
Pressure 

Restoration Torr) 

Retention Time After Pressure 6 minutes 
20 

Restoration FAST 

Establishment of Pressure 
Restoration 

Rate 
25 

Aeration Phase Number of Pulses 20 pulses 

Established Pressure at Pressure 0.67kPa (5 Torr) 

Reduction 86.66kPa (650 

30 Established Pressure at the Torr) 
Pressure 

Restoration 

Prior Conditions for the Data listed in Table 1: As a sterilization chamber (sterilization kettle), there was used a 

35 chamber having an inner volume of 8.6 m3, and the sterilization comprises 4 sterilization pulses and 20 aeration 
pulses. 

<<Arrangement of These Two Kinds of Pulses>> 

40 [0059] The foregoing steps may roughly be divided into the "sterilization pulse" and the "aeration pulse" subsequent 
thereto and the repetition of each of these two kinds of pulses over a plurality of times would make the effectiveness 
of the sterilization treatment higher. To effectively carry out the sterilization treatment according to the present invention, 
it is effective to combine, in order, 2 to 20 times, preferably 3 to 10 times of the sterilization pulses and 5 to 50 times, 
preferably 1 Oto 30 times of the aeration pulses. The expression "if the number of sterilization pulses is set to 3 (or 4)" 

45 in the component of the present invention is not restricted but is a prior condition (a criterion) for specifying the filling 
rate of bacteria cells to be sterilized which are accommodated in the sterilization bag. 
[0060] After completion of the sterilization of articles to be processed according to the foregoing steps, the aeration 
pulses are initiated, in which the gaseous hydrogen peroxide is removed from the sterilization chamber 2. 
[0061] The sterilization chamber 2 is again evacuated by the action of the vacuum pump 12 to thus establish a 

50 vacuum (a reduced pressure) of a desired pressure within the chamber 2. After the establishment of a desired vacuum. 
the switching valve 16 on the side of the vacuum pump 12 is closed, while the switching valve 22 to the air-intake 
opening 24 and the switching valve 8 of the gaseous hydrogen peroxide supply conduit 4 on the side of the sterilization 
chamber 2 are opened to thus i:ltmducesterilized ai1· into the steriiization chamber 2 and to restore the internal pressure 
of the chamber 2 to a pressure slightly lower than the atmospheric pressure. 

55 [0062] At this stage wherein the sterilization and aeration pulses according to the present invention are completed. 
the gaseous hydrogen peroxide can be decomposed and removed within a short period of time acco:-ding to a decom
position method, which makes use of a commonly used catalyst. After the removal of the gaseous hydrogen peroxide 
present in the s,erilization chamber 2, the sterilization chamber 2 can be opened to remove the steril,zed articles. This 

12 

Regeneron Exhibit 1068.107 
Regeneron v. Novartis 

IPR2020-01317



EP 1 283 061 A1 

sterilization process never suffers from a problem of environmental pollution since the decomposition products obtained 
after the sterilization are oxygen and water. 
[0063] According to the sterilization device of the present invention, the amount of the gaseous hydrogen peroxide 
remaining in the sterilization chamber 2 can be reduced to a level of not more than 1 ppm because of the contribution 

s of the aeration performed before the withdrawal of the articles after the sterilization treatment. 
[0064] The sterilization method according to the present invention is suitably applied not only to the foregoing articles 
of resins such as syringes for injection and containers for ophthalmic medicaments, but also to a variety of articles, in 
particular, those having poor heat resistance and to high speed sterilization of articles having complicated shapes. 
[0065] The gaseous hydrogen peroxide used as the sterilization gas in the present invention is in general supplied 

10 to the sterilization chamber 2 through the top board (or top panel) thereof, penetrates into the sterilization bag placed 
in the sterilization chamber 2 through a large number of through holes (meshes, stitches), comes in contact with the 
surface of the articles to be processed, thus a part thereof is consumed, but the hydrogen peroxide is uniformly dis
tributed (spreaded) throughout the entire sterilization bags, since the sterilization is carried out under a high vacuum. 
[0066] The foregoing sterilization bag can be prepared by, for instance, putting porous films formed from a soft resin 

15 or the like on top of each other and then fusion-bonding the peripheral edges thereof; or by knitting a fine band-like or 
fibrous material of, for instance, a soft resin or converting the material into (air-permeable) sheets (or films) having a 
large number of through holes in a span-bonding process, then putting them on top of one another and fusion-bonding 
the peripheral edges thereof. 

20 <<As to the Method for Determining (Quantifying) the Concentration of the Residual Sterilization Gas (Gaseous 
Hydrogen Peroxide)>> 

[0067] The concentration of the residual hydrogen peroxide gas was determined according to the ammonium thio
cyanate method. This ammonium thiocyanate method comprises the following operations: 

25 [0068] When a variety of articles sterilized by means of the device hereunder are container in shape, they can be 
directly filled with purified water prior to the determination of the concentration of a sterilizing agent. They have been 
sterilized by means of the foregoing high vacuum hydrogen peroxide-sterilization device (trade name VH P DV1000 
available from Steris Company; hereunder referred to as "VHP Device"). 
[0069] While in case of, for instance, caps for ophthalmic medicaments, nozzles, rubber stoppers or sterilization 

30 bags, these samples are accommodated in a conical flask (inner volume: 200 ml; a flask with a ground-in stopper), 

100 ml-of purified water is added to the flask and these samples are immersed in the purified water maintained at 20°c 
(or room temperature) for 24 hours. 
[0070] The resulting extract (5 ml each) was measured and poured into a test tube (with a ground-in stopper), 1 ml 
of a 1 % aqueous solution of iron sulfate is added thereto, followed by sufficient stirring, addition of 5 ml of an aqueous 

35 ammonium thiocyanate solution (1.2 mol/L; M/L) for coloration and additionally stirring sufficiently. 
[0071] This colored sample solution was measured for the absorbance at a wavelength of 480 nm using a spectro
photometer. 
[0072] Similarly, a hydrogen peroxide reference solution (concentration: 5 ppm), purified water and an article free of 
any sterilization treatment were measured for the absorbance at the same wavelength. 

40 [0073] The hydrogen peroxide concentration of each sample solution can be calculated based on the following for
mula (1): 

C = (Abs - Abs0)X N XF (1) 

45 

Wherein each symbol has the following meaning: 

C: The concentration (ppm) of hydrogen peroxide to be determined; 
Abs : The absorbance of each sample solution as determined using VHP Device after the sterilization treatment; 

so Abs0: The absorbance of each sample solution as determined using VH P Device prior to the sterilization treatment; 
AbsH: The absorbance of the hydrogen peroxide reference solution; 
AbsW: The absorbance of purified water; 
N: The dilution factor of the sample solution; 
S: The concentration (ppm) of the hydrogen peroxide reference solution; and 

55 F: A coefficient calculated using the hydrogen peroxide reference solution according to the following formula (2): 

F = S/(AbsH - AbsW) (2) 
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<<As to the Precision of the Ammonium Thiocyanate (Quantification) Method>> 

[0074] The ammonium thiocyanate method comprises the steps of converting bivalent iron ions (ferrous ions) added 
to an acidic aqueous solution as an agent into trivalent iron ions (ferric ions) while making use of the oxidation action 

s of hydrogen peroxide in the acidic solution, forming an iron thiocyanate complex colored red through the reaction of 
the trivalent iron ions with thiocyanate ions and determining the absorbance of the complex to calculate the concen
tration of the hydrogen peroxide present in the solution. However, the degree of coloration is apt to vary with time and 
therefore, the determination of the coloration should be completed within one hour. 
[0075] The calibration curve (represented by the following formula (3)) required in this determination was prepared 

10 on the basis of the absorbance values (X) as a function of the concentration (Y) of the hydrogen peroxide reference 
solution. 

15 

• Calibration Curve: Y = 3.480X - 0.142 (3) 

Separately, the calibration curve was inspected for the ability of quantification and the results thus obtained were 
statistically analyzed to obtain the correlation coefficient® and it was found to be 0.999958. This clearly indicates that 
th is calibration curve has a considerably high correlation (reliability). It was confirmed that the foregoing determination 
method (the calibration curve) permits the measurement of the concentration of an aqueous hydrogen peroxide solution 

20 within the range of 0 to 14 ppm. 

<<As to the Detection Limit of the Ammonium Thiocyanate Method>> 

[0076] To confirm or determine the lowest possible concentration of hydrogen peroxide capable of being detected 
25 by the ammonium thiocyanate method (detection limit of the method), hydrogenperoxide solutions having three con

centrations: 5.00 ppm, 0.5 ppm and 0.05 ppm (6 samples each) were prepared, the order of measurement thereof was 
determined using a table of random digits as specified in JIS Z9031, and each sample solution was measured for the 
absorbance and coefficient (ppm/Abs) at a wavelength of 480 nm to thus investigate the relation between them. As a 
result, the measurement error (±2cr) for each measurement thus calculated was found to be ±0.053 ppm for the con-

30 centration of 5.00 ppm, ±0.007 ppm for the concentration of 0.50 ppm and±0.009 ppm for the concentration of 0.05 ppm. 

<<Tools and Materials or the like used in the Measurement>> 

1. Principal Installation 
35 

1.1 Hydrogen Peroxide Vapor-Generation Device 

[0077] 

40 • Type (trade name): VHP DV1000 (available from Steris Company); 
• Amt. Of Injected hydrogen Peroxide: about 4 to 400 g/pulse. 

1.2 Sterilization Chamber (Sterilization Unit) 

45 [0078] 

• Internal Volume: 8.6 m3; 
• Material: SUS304 
• Vacuum Pump Unit; 

50 

Type: TRM1253+TRA1002 (available from Unozawagumi Tekkosho Co., Ltd.); 

• Capacity: 760 to 1 Torr; accessible time: within 5 minutes. 1 .3 Catalyst for Decomposing Hydrogen Peroxide Gas 
• Specifications: Platinum-containing catalyst; Corresponding to discharge concentration of not more than 1 ppm. 

55 
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1.4 Filters 

[0079] 

s • Pre-filter: Made of PP; corresponding to 1 0 µm abs; one filter (three elements); 
• Sterilized Filter: Made of PTFE; corresponding to 0.22µm abs; two filters (three elements each) 

2. Principal Materials, Fixtures, Room Environment 

10 2.1 Validator 

[0080] 

• Type: X131 OGE (main body); LTR-140 (Dry Well Calibrator for low temperature); 
15 • M2801/IRTD-400 (high precision thermometer) 

• Manufacturer: KAYE; portable validator 

2.2 Device for Measuring Gas Concentration in Sterilization Chamber (used after the completion of the sterilization) 

20 [0081] 

• Manufacturer: Dreager Company; 
• Dreager Accuro 2000 Gas Detection Pump; 
• Dreager Gas Detector Tube (hydrogen peroxide 0.1/a) 

25 

2.3 Bl Used 

[0082] 

30 • Standard: 2.5X106 (2.5 EXP (6)) per Carrier; 
• Indicator Microorganism: Apex Laboratories Co., Ltd.; Bacillus Stearothermophilus ATCC 12980. 

2.4 Environment in Sterilization Chamber 

35 [0083] 

40 

• Measured Value During Automated Operation: 1,733 cells/tt3 (Class 10,000). 

3. Outline of Sterilization Cycle 

[0084] The hydrogen peroxide vapor-generation device (VHP DV1000) has been developed for the sterilization of a 
freeze dryer and the sterilization cycle required for the generation of hydrogen peroxide vapor is integrated (pro
grammed) therein. The specifications thereof will be detailed below: 

45 3.1 Drying Step (For further details, one can refer to Table 1 and Fig. 2) 

50 

[0085] In the first drying pulse, the pressure is reduced from ordinary pressure to 1.33 kPa (10 Torr) within one minute 
and then the pressure is restored up to 39.9 kPa (300 Torr) within one minute. In the second drying pulse, it is reduced 
to 0.13 kPa (1 Torr) within one minute and it is again restored up to 39.9 kPa (300 Torr) within one minute. 

3.2 Leakage Test (For further details, one can refer to Table 1 and Fig. 2) 

[0086] The internal pressure of the sterilization chamber is reduced from the condition after the completion of the 
drying step, at which the pressure has been restored up to 39.9 kPa (300 Torr) to 0.133 kPa (1 Torr) within one minute, 

55 followed by maintaining that condition for 5 minutes to confirm if any "pressure change" is observed or not and then 
the pressure is restored up to 6.66 kPa (50 Torr) within one minute. 3.3 Sterilization Step (For further details, one can 
refer to Table 1 and Fig. 2) 
[0087] After reducing the internal pressure of the sterilization chamber from 6.66 kPa (50 Torr) at the completion of 
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the leakage test to 0.13 kPa (1 Torr) within one minute, a predetermined amount (40 to 50 g) of an aqueous hydrogen 
peroxide solution (concentration: about 35% by weight) is poured into the chamber, followed by maintaining the con
dition wherein the internal gas concentration is about 1500 ppm for about 4 minutes, restoration of the pressure to 
21.98 kPa (165 Torr) by the injection of clean air into the chamber and maintaining the interior of the chamber at this 

s pressure for 6 minutes. 

10 

[0088] The foregoing operations extending "from the establishment of a high vacuum to the internal pressure-main
tenance by the injection of clean air" are defined to be one pulse and the steps for the injection of sterilizing gas and 
clean air are repeated over the required pulse number. The time required for the sterilization step is in general about 
16 min/pulse. 

3.4 Aeration Step (For further details, one can refer to Table 1 and Fig. 2) 

[0089] The internal pressure of the sterilization chamber is restored from 0.67 kPa (5 Torr) observed at the completion 
of the sterilization step to 86.66 kPa (650 Torr) by the injection of clean air in the chamber 2 within one minute. The 

15 foregoing operations extending from the establishment of a high vacuum to the restoration of the internal pressure to 
about ordinary pressure is defined to be one aeration pulse and this aeration step is repeated over a desired pulse 
number. The time required for the aeration pulse is about 7 min/pulse. 

20 

Example 1 

[0090] Three kinds of large-sized rubber stoppers for vials (they are made of chlorinated butyl rubber; comprise a 
cone-like head having an obtuse vertical angle and a cylindrical barrel subsequent thereto and the cylindrical barrel 
has a size of 42 mm (diameter)x 15 mm (height) and the overall height of the stopper is 36 mm) were referred to as a 
rubber stopper A, a rubber stopper B and a rubber stopper C, respectively. 

25 [0091] Each kind of rubber stoppers (150 stoppers each) were accommodated in a sterilization basket, followed by 
subjecting them to a sterilization step comprising 6 pulses of sterilization treatments with 70 g/pulse of a hydrogen 
peroxide aqueous solution (concentration: 35% by weight} and 20 pulses of aeration treatments, using the foregoing 
high vacuum hydrogen peroxide-sterilization device (abbreviated as "VHP Device"), storing the resulting rubber stop
pers A, Band Cat room temperature (23 to 25°G), and quantitatively determining the amount of the hydrogen peroxide 

30 remaining on the stoppers according to the ammonium thiocyanate method after the elapse of a predetermined period 
of time (immediately after the sterilization step, and 24 and 72 hours thereafter). The results thus obtained are listed 
in Table 2 given below and will be discussed in detail in the column entitled "Effects of the Invention" given later. 
[0092] The data listed in Table 2 clearly indicates that the effects of the present invention as will be described below 
can be achieved in the early stage and that even if residual substances are present after the sterilization with gaseous 

35 hydrogen peroxide, the amount thereof is considerably small as compared with the remaining harmful substances 
observed after the EOG sterilization as will be proved in Comparative Example. In addition to the foregoing advantages, 
regarding the carcinogenicity of the residual substances, the difference between the hydrogen peroxide sterilization 
and the EOG sterilization is quite conspicuous or there is a considerable difference between the carcinogenicity of the 
residual substances formed after the hydrogen peroxide sterilization and that of the residual substances formed after 

40 the EOG sterilization. 

Table 2: 

Results concerning the determination of the amount of hydrogen peroxide remaining on large-sized rubber stoppers 

45 Condition: Residual Hydrogen Peroxide Cone. (µgig) 

Sample Immediately After 24 Hours After Sterilization 72 Hours After Sterilization 
Sterilization 

Rubber Stopper A 0.24 0.14 ND. 

50 B 0.19 0.14 ND. 

C 0.28 0.19 ND. 

Materials for rubber stoppers: chlorinated butyl rubber 

55 [0093] N.C.: Not detected. 
[0094] The amount of the H20 2 Solution (cone.: 35% by weight) Jsed: 70 g. 
[0095] Ste'ilization Conditions: VHP Device was used (6 pulses ot sterilization treatments + 20 pulses of aeration 
treatments). 
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Fig. 3 shows the relation between the storage time after the completion of the sterilization step and the concentration 
of the remaining hydrogen peroxide. 

Comparative Example 1 

[0096] The amount of the residual remaining on the articles after the EOG sterilization as a conventional sterilization 
method was determined. The results thus obtained are summarized in the following Table 3, more specifically Table 
3-1, Table 3-2 and Table 3-3 (in this respect, Table 3-2 and Table 3-3 are hereunder also denoted as "Table 4") and 
plotted on Fig. 4, Fig. 5 and Fig. 6. In Fig. 4 and Fig. 5, the degassing treatment time (h) is plotted as abscissa and the 

10 concentration of residual sterilization agent (µgig) is plotted as ordinate. 
[0097] In this respect, the sterilization step in Table 3 comprised a sterilization treatment at 50°C for 8 hours and 4 
pulses of aeration treatments; and the degassing treatment was carried out by storing in a degassing treatment chamber 
at 50°C and the residual gas analysis method adopted herein was GC/FID (gas chromatography/flame ionization de
tector) method. In addition, Table 3-1 shows the results of the determination of residual EO concentrations, and Table 

15 3-2 shows the results of the determination of residual ECH concentrations and Table 3-3 shows those of the determi
nation of residual EG concentrations respectively. 

Table 3-1: 

Results of the determination of EO cone. remaining on rubber stoppers for syringes 
20 

Sample Name Measuring Conditions: Time (h) After Degassing Treatment and Residual EO Cone. (µgig) 

0 36 60 132 180 300 

1. Top Cap 917 186 14 3.6 3.0 1 .8 

25 2. Gasket 1075 248 43 3.5 2.2 1 .2 

3. Top Gasket 1095 132 12 5.5 3.5 2.4 

Materials for rubber stoppers: chlorinated butyl rubber. 

30 Sterilization agent: Ethylene oxide (EO) 

35 

[0098] Sterilization Conditions: Sterilization, 50°Cx8h + 4 Pulses of Aeration 

Assembled State of Glass Syringe 

[0099] Degassing Conditions: Storage within a degassing chamber (at 50°C) Method for Analyzing Residual Gas: 
GC/FID (Gas Chromatography/Flame Ionization Detector) Method 
Top Cap: Syringe Outlet End-Sealing Tool 
Gasket: Gasket for Plunger 

40 Top Gasket (Top Packing): Gasket (packing) for sealing the joint between a resin part constituting the tip of the syringe 
and the syringe 

Table 3-2: 

Results of the determination of ECH cone. remaining on rubber stoppers for syringes 
45 

Sample Name Measuring Conditions: Time (h) After Degassing Treatment and Residual ECH Cone. (µgig) 

0 36 60 132 180 300 

1 Top Cap 52 43 41 31 23 10 

50 
2. Gasket 52 35 26 11 8.3 4.7 

3. Top Gasket 164 176 118 53 48 30 

55 
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Other items are identical to those specified in Table 4. 

[0100] 

5 Table 3-3: 

Results of the determination of EG cone. remaining on rubber stoppers for syringes 

Sample Name Measuring Conditions: Time (h) After Degassing Treatment and Residual EG Cone. (µgig) 

0 36 60 132 180 300 
10 

1. Top Cap 3.6 3.5 2.7 2.5 2.6 N.D. 

2. Gasket 3.4 3.0 2.8 2.5 2.6 N.D. 

3. Top Gasket 6.1 6.2 N.D. N.D. N.D. N.D. 

15 Other items are identical to those specified in Tables 3-2 and 3-3. 

Example2 

[0101] In the case in which experiment conditions (sterilization conditions) 2-1 : 70 (g/pulse) of an aqueous hydrogen 
20 peroxide solution (a concentration of 35 % by weight) injection amount X 2 pulses and 20 pulses of an aeration were 

set, a sample I per sterilization bag : 20000 VFI gaskets for a syringe [formed of chlorinated butyl rubber ( outer diameter 
7.00 mm X overall height 6 mm)] was filled with a filling rate of 73 %, a filling rate of 53 % and a filling rate of 26 % 
respectively, and the sterilization bag and the basket (formed of polyethylene ; a capacity of 62 L ; an outer dimension 
of 622 mm X 462 mm X 268 mm) were further accommodated in parallel and experiments were variously carried out 

25 first to five times. The results of the experiments are shown in the Table 4. 
[0102] The sterilization bag used herein is of a gazette type and is prepared by using a polyolefin film layer (a com
position containing 50 % by weight of polyethylene and 30 % by weight of polypropylene) laminated on a polyethylene 
synthetic paper [trade name : Tyveck 1073B]. 
[0103] According to the experiment under the experimental condition 2-1, the sterilization condition was set to 70 (g/ 

30 pulse) of an aqueous hydrogen peroxide solution (a concentration of 35 % by weight) injection amount X 2 pulses and 
20 pulses of an aeration with a sample filling rate of 73 % in a sterilization bag 1, a sample filling rate of 53 % in a 
sterilization bag 2 and a sample filling rate of 26 % in a sterilization bag 3 and the treatment was carried out 1 to 5 
times. As a result, a tendency of an increase in a survival ratio (a reduction in a sterilization effect) was observed with 
a reduction in the filling rate. 

35 [0104] According to the experiment condition 2-1, furthermore, a survival ratio of 0/10 could not be realized in any 
of three kinds of filling rates. The result is shown in the Table 4. 
Experiment condition 2-2 : Next, the number of pulses for the hydrogen peroxide treatment in the sterilization condition 
was increased from 2 to 3 under the experiment condition. 
[0105] According to the experiment condition 2-2, the sterilization condition was set to 70 (g/pulse) of an aqueous 

40 hydrogen peroxide solution (a concentration of 35 % by weight) injection amount X 3 pulses and 20 pulses of an 
aeration with a sample filling rate of 73 % in the sterilization bag 1, a sample filling rate of 53 % in the sterilization bag 
2 and a sample filling rate of 26 % in the sterilization bag 3 and the treatment was carried out 1 to 5 times. As a result, 
a tendency of an increase in the survival ratio (a reduction in the sterilization effect) was observed with a reduction in 
the filling rate. 

45 [0106] According to the experiment condition 2-2, furthermore, it was found that the survival ratio of 0/1 0 can be 
realized for all the first to fifth treatments in the case of the filling rates of 73 % and 53 %, while the survival ratio of 
0/10 cannot always be realized with the filling rate of 26 %. The result is shown in the Table 4 together. 

50 

55 
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Table 4 Sample: Result of Sterilization Treatment of VFl rubber 

5 
gasket 

Number of Sterili- 1 2 3 Result of 
accommodatec zation treatment 
sample_s baq and Remarks 

10 20000 Filling 7 3 5 3 26 
rate !ii 

Sterilization Number Survival Ratio 
condition of 

treat-
15 ments 

70 (g/pulse) x2 1 0/1 0 3/1 0 2/1 0 Under this 
pulses + -.. ---------· --------------- -------··---- ---------- .. ·--- treatment 
aeration X 20 2 3/1 0 2/1 0 5/1 0 condition, a ------------ ___ ,. ___ _.. _____ .... 

------------· ---------------
20 

survival ratio pulses 3 2/1 0 0/ 1 ·0 3/1 0 
------·----- -------------- ........................... --------------- of 0/10 cannot 

4 1/1 0 2/1 0 1/1 0 be realized 
-----------'"' -------------- --·---------- ·-------- .. ·---- irrespective 5 1/1 0 4/1 0 3/1 0 

of a filling 
rate. 

25 70 ('g/pulse) x3 1 0/1 0 0/1 0 0/1 0 Under this 
pulses+ .............................. ----------·---- ----·--·---·- ------------··- treatment 
aeration X 20 2 0 /.l 0 1/1 0 0/1 0 condition, a 

------------ ....................... ------- ------------- ·-------------- survival. ratio pulses 3 0/1 0 0/1 0 2/1 0 
---------·-- -------------- ------------- -----------··-- of 0/10 can be 

30 4 0/1 0 1/1 0 1/1 0 always ___________ ,.. 
--····---·--·-- ---•·ok•------· ...................................... 

realized with a 5 0/1 0 0/1 0 0/1 0 
filling rate of 
13 % • 

35 
70 (g/pulse) : an aqueous hydrogen peroxide solution (concentration of 

35 wt%) injection amount 

40 Example 3 

[0107] In the case in which experiment conditions (sterilization conditions) 3-1 : 70 (g/pulse) of an aqueous hydrogen 
peroxide solution (a concentration of 35 % by weight) injection amount X 2 pulses and 20 pulses of an aeration were 
set, a sample II per sterilization bag: 10000 VF3 gaskets for a syringe [formed of chlorinated butyl rubber (outer di-

45 ameter 9.0 mm X overall height 8 mm)] was filled with a filling rate of 76 %, a filling rate of 53 % and a filling rate of 26 
% respectively. Experiments were variously-carried out first to five times. The result of the experiments is shown in 
Table 5. 
[0108] According to the experiment under the experiment condition 3-1, the sterilization condition was set to 70 (g/ 
pulse) of an aqueous hydrogen peroxide solution (a concentration of 35 % by weight) injection amount X 2 pulses and 

50 20 pulses of an aeration with a sample filling rate of 76 % in a sterilization bag i, a sample filling rate of 53 % in a 
sterilization bag 2 and a sample filling "ate of 26 % in a sterilization bag 3 and the treatment was carried out 1 to 5 
times. As a resuit, a teridency of an increase in a survival ratio (a reduction in a sterilization effect) was observed with 
a reduction in lhe filling rate. 
[0109] According to the experiment condition 3-1 furthermore, it was found that a survival ratio of 0/1 0 cannot be 

55 always 1·ealized in any of three kinds of filling rates. The result is shown in the Table 5. Experiment condition 3-2 : Next. 
the number of pulses for the hydrogen peroxide treatment in the ster·ilization condition was increased from 2 to 3 under 
the experiment condition. 
[011 0] According to the experiment condition 3-2, the sterilizatiori condition was set to 70 (g/pulse) of an aqueous 
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hydrogen peroxide solution (a concentration of 35 % by weight) injection amount X 3 pulses and 20 pulses of an 
aeration with a sample filling rate of 76 % in the sterilization bag 1, a sample filling rate of 53 % in the sterilization bag 
2 and a sample filling rate of 26 % in the sterilization bag 3 and the treatment was carried out 1 to 5 times. As a result, 
a tendency of an increase in the survival ratio (a reduction in the sterilization effect) was observed with a reduction-in 

5 the filling rate. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

[0111] According to the experiment under the experiment condition 3-2, furthermore, it was found that the survival 
ratio of 0/1 0 can be realized for all the first to fifth treatments only with the filling rate of 76 %, while the survival ratio 
of 0/1 0 cannot always be realized with the filling rates of 53 % and 26 % which are lower. The result is shown in the 
Table 5 together. 

Table 5 Sample: Result of Sterilization Treatment of VF3 rubber 

gasket 

Number of Sterili- 1 2 3 
accommodated zation 
samples baq 
10000 Filling 7 6 5 3 26 

rate !Is 
Sterilization 
condition 

70 (g/pulse) x 2 
pulses+ 
aeration x 20 
pulses 

70 (g/pulse) x 3 
pulses+ 
aeration x 20 
pulses 

Number Survival Ratio Result of 
of treatment 
treat- and Remarks 
ments 

1 2 /.1 0 1 / 1 O 3 / 1 O Under this 
------------· ---------·---- ------·----·- ------·-------- treatment 

·2 0 / 1 0 2 / 1 0 4 / 1 0 condition, a 

3 1 / 1 O O / 1 •O 1 / 1 o survival ratio 
·-·-·--····-- ·--·-··-··--· -············ ---···---······ of 0/10 cannot 

4 0 / 1 0 1 / 1 0 3 / l O be realized 
·-····5-·--·- ·1/1·0··- itio·· ··071·0··· irresp7ct~ ve 

of a f1.ll1.ng 
rate. 

1 0 / 1 0 O /. 1 O O / 1 O Under this 
············· ···-······-··· ············· ··············· treatment 

2 0 / 1 0 0 / 1 0 0 / 1 0 con di ti on, a --·--·--------3 O / 1 O O / 1 O 1 / 1 o survival ratio 
........................................ ·········--···· of 0/10 can be 

4 0 / 1 0 1 / 1 0 1 / 1 0 always 
······5······ ·0/1·0··· ()J"i°C/ .. ··o·iio··· r~al~zed with a 

filli.~g rate of 
76 %. 

70 (g/pulse) : an aqueous hydrogen peroxide solution (concentration of 

35 wt%) injection amount 

Example 4 

[01'12] In the case in which experimenta: conditions (sterilization conditions) 4-i : 70 (g/pulse) of an aqueous hydro
gen peroxide solution (a concentration of 35 '% by weight) injection amount X 2 pulses and 20 pulses of an aeration 
were set, a sam;:ile Ill per sterilization bag : 4000 VF5 gaskets for a syringe [fo 0med of chlorinated butyl ruober (diameter 
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12.0 mm X overall height 1 0 mm)] was filled with a filling rate of 73 %, a filling rate of 53 % and a filling rate of 26 % 
respectively. Experiments were variously carried out first to five times. The result of the experiments is shown in Table 6. 
[0113] According to the experiment condition 4-1, the sterilization condition was set to 70 (g/pulse) of an aqueous 
hydrogen peroxide solution injection amount X 2 pulses and 20 pulses of an aeration 20 with a sample filling rate of 

s 73 % in a sterilization bag 1, a sample filling rate of 53 % in a sterilization bag 2 and a sample filling rate of 26 % in a 
sterilization bag 3 and the treatment was carried out 1 to 5 times. As a result, a tendency of an increase in a survival 
ratio (a reduction in a sterilization effect) was observed with a reduction in the filling rate. 
[0114] According to the experiment under the experiment condition 4-1 , furthermore, it was found that a survival ratio 
of 0/10 cannot be always realized in any of three kinds of filling rates. The result is shown in the Table 6. 

10 Experiment condition 4-2 : Next, the number of pulses for the hydrogen peroxide treatment in the sterilization condition 
was increased from 2 to 3 under the experiment condition. 
[0115] According to the experiment under the experiment condition 4-2, the sterilization condition was set to 70 (g/ 
pulse) of an aqueous hydrogen peroxide solution (a concentration of 35 % by weight) injection amount X 3 pulses and 
20 pulses of an aeration with a sample filling rate of 73 % in the sterilization bag 1, a sample filling rate of 53 % in the 

15 sterilization bag 2 and a sample filling rate of 26 % in the sterilization bag 3 and the treatment was carried out 1 to 5 
times. As a result, a tendency of an increase in the survival ratio (a reduction in the sterilization effect) was observed 
with a reduction in the filling rate. 
[0116] According to the experiment under the experiment condition 4-2, furthermore, it was found that the survival 
ratio of 0/1 0 can be realized for all the first to fifth treatments with the filling rates of 73 % and 53 %, while the survival 

20 ratio of 0/10 cannot always be realized with the filling rate of 26 % which is much lower. The result is shown in the 
Table 6 together. 

25 
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Table 6 Result of Sterilization Treatment of VFS 

5 gasket 

Number of Sterili- 1 2 3 
accommodated zation bag 
samples 

10 4000 Filling 7 3 53 2 6 
rate % 

Sterilization Number Survival Ratio Result of 
condition of treatment 

treat- and Remarks 
15 ments 

70 (g/pulse) x2 1 1 /.1 0 1/1 0 2/1 0 Under this 
pulses + ------ ... ------ -------------- ------·------ ----·---·------ treatment 
aeration X 20 2 0/1 0 1/1 0 I I 1 0 condition, a 

-----·------- ------------- ------------- -------------·-
20 

survival ratio pulses 3 2 I I 0 0/ 1 ·0 3/ 1 0 
............... ------- -------·-----.-- ------------- ------·----- ...... - of 0/10 cannot 

4 0/1 0 1/1 0 0/1 0 be realized 
------------- ------------- ---·---·---·- -·------------- irrespective 5 0/1 0 2/1 0 1 / 1 0 of a filling 

rate. 
25 70 (g/pulse) x3 1 0/1 0 0/1 0 0/1 0 Under this 

pulses + 
.... _,.., ___ ,. .. ____ -·- ... ---------- ·----·------- --------------- treatment 

aeration X 20 2 0/1 0 0/1 0 0/1 0 condition, a ------------- -------·----- ............................ ................................ 
survival ratio pulses 3 o I 1 o o I 1 o 0/ 1 0 

-----------·· ........................... --·---------- -------------·- of 0/10 can be 
30 4 0/1 0 0/1 0 0/1 0 always 

------------- ·-------------- ----·-------- --------------- realized with a 5 0/1 0 0/1 0 1/1 0 
filling rate of 
73 %. 

35 
70 (g/pulse) : an aqueous hydrogen (concentration of 35 wt%) 

injection amount 

40 Example 5 

[0117] In the case in which experiment conditions (sterilization conditions) 5-1 : 70 (g/pulse) of an aqueous hydrogen 
peroxide solution (a concentration of 35 % by weight) injection amount X 2 pulses and 20 pulses of an aeration were 
set, a sample IV per sterilization bag : 150 rubber gaskets for a large-sized syringe [fomied of chlorinated butyl rubber 

45 (diameter 42.0 mm X overall height 36 mm)] was filled with a filling rate of 73 %, a filling rate of 51 % and a filling rate 
of 23 % respectively. Experiments were variously carried out first to five times. 
[0118] According to the experiment under the experiment condition 5-1, the sterilization condition was set to 70 (g/ 
pulse) of an aqueous hydrogen peroxide solution (a concentration of 35 % by weight) injection amount X 2 pulses and 
20 pulses of an aeration with a sample filling rate of 73 % in a sterilization bag 1, a sample filling rate of 51 % in a 

50 sterilization bag 2 and a sample filling ·ate of 23 % in a sterilization bag 3 and the treatment was carried out 1 to 5 
times. As a result, a survival ratio of 0/1 0 was observed with any filling rate any number of times. The result of the 
experiment is s'lown in Table 7. 
Experimenl condilion 5-2: Nexl, lhe number of pulses for ,he hydrogen peroxide lrealmenl in lhe sleriliLalion condilion 
was increased from 2 to 3 under the experiment condition. 

55 [0119] According to the experiment under the experiment condition 5-2, the sterilization condition was set to 70 (g/ 
pulse) of an aqueous hydrogen peroxide solution (a concentration of 35 % by weight) injection amount X 3 pulses and 
20 pulses of an aeration with a sample filii1g rate of 73 % in the sterilizatian bag 1 a sample filling rate of 51 % in the 
sterilization bag 2 and a sampie filling rate of 23 % tn the sterilization bag 3 and the treatment was carried out 1 to 5 
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times. As a result, a survival ratio 0/10 could be realized with any filling rate any number of times. The result of the 
experiment is shown in the table 7 together. 

Table 7 Sample: Result of Sterilization Treatment of rubber 

gasket for large-sized syringe 

Number of Sterili
accommodated zation bag 
samples 

1 2 3 

1 5 0 Filling 7 3 5 1 23 
rate% 

Sterilization Number Survival Ratio Result of 
condition of treatment 

70 {g/pulse) x 2 
pulses+ 
aeration x 20 
pulses 

70 (g/pulse) x 3 
pulses+ 
aeration x 20 
pulses 

treat
ments 

and Remarks 

1 0 / l O O / l O O / 1 O Under this 
············· ··········-·· ············· ····-···----·-· treatment 

2 0/1 0 0/1 0 0/1 0 condition, a 

3 0/1 O 0/1 O 0/1 O survival ratio 
--·······-··· --·····-·--··· ............................ of 0/10 can be 

4 0 I 1 0 0 / 1 0 0 / 1 0 always 
······s······ ·o-x1·0·· o""i"i--6 ... ··o·T1--o··· ~ealized . 

irrespectJ.ve 
of a filling 
rate. 

1 0 / 1 0 0 / 1 0 O / 1 O Under this 
-------·----- ------·------- ············ · · ·············· treatment 

2 0/ 1 0 0 / 1 0 0 / 1 0 condition, a 

3 O / 1 O O / l O o / l o survival ratio 
............. ............. -···-········ ............... of 0/10 can be 

4 0/ 1 0 
------------- -------------

5 0/ 1 0 

0 / l O O / 1 0 always 
·o-Ti·o··· ··o"i·io··· :ealized . 

irrespective 
of a filling 
rate. 

70 (g/pulse) : an aqueous hydrogen peroxide solution {concentration of 

35 wt%) injection amount 

45 Example6 

50 

[0120] There was investigated the influence, on a sterilization efficiency, of a ratio of a capacity of a sterilization bag 
to a capacity of a porous container (basket) accommodating the sterilization bag (former/ latter= volume rate) in 
sterilization using gaseous hydrogen peroxide. A material. an outer dimension and an inner volume of a basKet: 

• Basket i : formed of PE ; outer dimension 622 mm X 462 mm X 196 mm : inner volume 45 L ; 
• Basket 2 : formed of PE ; outer dimension 622 mm X 462 mm X 268 mm ; inner volume 62 L ; 
• Baskel 3: formed of PE; ouler dimension 820 mm X 570 mm X 428 mm; inner volume 161 L. 

55 [0121] In the case in which treatment conditions (sterilization conditions): 70 (g/pulse) of an aqueous hydrogen 
peroxide solution (a concentration of 35 % by weight) injection amount X 3 pulses and 20 pulses of an aeration were 
set, a sample IV per sterilization bag: 5000 VF5 gaskets for a syrnge [farmed of crlorina,ed butyl rubber (diameter 
12.0 mm X cverall heigrt i 0 mm)] was filled with a filling rare of 67 %, a filling rate of 48 % and a filling rate of 16 % 
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respectively. Experiments were variously carried out first to five times. The result of the experiments is shown in Table 8. 
[0122] According to the experiment of the sixth embodiment, a survival ratio of 0/10 could not be always realized 
with a maximum volume rate of 67 %, while a survival ratio of 0/10 could be realized with the volume rates of 48 % 
and 16 % which are lower at first to fifth times of the treatment. 

Table8 

Result of sterilization treatment for basket selection 

Basket number to Capacity Volume rate % Number of Survival Ratio% Remarks 
be used together (L) treatments 

1 45 67 1 1/1 0 

Ditto Ditto Ditto 2 0/1 0 

Ditto Ditto Ditto 3 0/1 0 

Ditto Ditto Ditto 4 1/1 0 

Ditto Ditto Ditto 5 0/1 0 

2 62 48 1 0/1 0 

Ditto Ditto Ditto 2 0/1 0 

Ditto Ditto Ditto 3 0/1 0 

Ditto Ditto Ditto 4 0/1 0 

Ditto Ditto Ditto 5 0/1 0 

3 1 6 1 1 6 1 0/1 0 A 

Ditto Ditto Ditto 2 0/1 0 sterilization bag is 
broken due to rapid 

Ditto Ditto Ditto 3 0/10 expansion. 

Ditto Ditto Ditto 4 0/1 0 

Ditto Ditto Ditto 5 0/1 0 

Effects of the Invention 

[0123] The sterilization method according to the present invention and a variety of sealing tools obtained using the 
method show various effects detailed below: 

(1) Immediately after the completion of the sterilization step, the residual amounts of hydrogen peroxide were 
found to be 0.24µg/g for the rubber stopper A, 0.19µg/g for the rubber stopper B and 0.28 µgig for the rubber 
stopper C, all of which are much lower than a normal value of 0.5µg/g. These results clearly indicate thatthe rubber 
stoppers A, B and C can be used without problems. 

40 (2) Any residual hydrogen peroxide cannot be detected in all of the rubber stoppers after 72 hours from the com
pletion of the sterilization step (or the amount thereof is less than the detection limit). As has been described in 
the foregoing item (1) and (2), the residual amount of hydrogen peroxide is reduced to the level, which is out of 
the question or is practically acceptable after 24 hours from the completion of the sterilization step and therefore, 
these results simply show the time required for the reduction of the residual amount to the level of less than the 

45 detection limit. 
(3) The time required for the sterilization treatment is on the order of about 1 .5 hour per batch for an ophthalmic 
medicaments nozzle, a vial for ophthalmic medicaments or the like and this time is sufficient to ensure the degree 
of sterilization of SAL= 1 0EXP(-6). 
(4) The amounts of hydrogen peroxide remaining on ~he containers of polyethylene (PE). polypropylene (PP) or 

50 polytetrafluoroethylene (PTFE) after the sterilization can be improved to a level of about 0.2 to 0.3 ppm immediately 
after the sterilization, a level of 0.1 to 0.2 ppm one day after the steriiization and a level of not more than the 
detection limit (0.1 ppm) one week after the sterilizat:on. 

Therefore, these containers can be used immediately after the ster'lization t 0eatment. 
(5) It is not necessary to remove, for 1nstance, moisture and/or organic solvent from the article after the sterilization 

55 treatment or the article further subjected to the aeration treatment before forwar·ding. 
(6) If a filling rate in a sterilization bag for a sample is set to be high, a survival rato can be reduced (a sterilization 
effect can be increased). 
(7) If a filling rate of 53 % or more is set to be combined with a great sterilization condition of "70 (g/pulse) of an 
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aqueous hydrogen peroxide solution (a concentration of 35 % by weight) injection amount X 3 pulses and 20 pulses 
of an aeration", a survival ratio of 0/1 0 can be always realized in any of the second to sixth embodiments. 
(8) If a ratio of the content of a basket accommodated in a sterilizer in a stacking process to an outer volume of 
an outer bag mounted thereon (latter/ former; volume rate) is set to be 48 % or less, a survival ratio of 0/1 0 can 

s be always realized. 
(9) A polyolefinic material is optimum for the sterilization bag and a second optimum material could not be found. 

Claims 
10 

1. A method for the production of a sealing tool which comprises setting a filling rate in a sterilization bag for a sample 
to be sterilized to 45 % or more for a gasket for a normal type syringe and to 20 % or more for a gasket for a large
sized syringe, thereby carrying out sterilization in the case in which a rubbery sealing tool or a sealing tool made 
from an olefinic resin is held as an article to be processed in a sterilization unit under a high vacuum, gaseous 

15 hydrogen peroxide is then introduced into the sterilization unit, and is held for a predetermined time and is sterilized 
by at least one member selected from the group consisting of active oxygen and radical hydroxide, a clean gas is 
thereafter introduced and is held for a predetermined time to cause a sterilizing substance to penetrate into an 
inner side of the article to be processed, thereby setting a sterilizing condition using the gaseous hydrogen peroxide 
in which a sterilization treatment for the article to be processed is one sterilization pulse to a combination of 70 (g/ 

20 pulse) of an aqueous hydrogen peroxide solution (a concentration of 35 % by weight) injection amount X 3 pulses 
and 20 pulses of an aeration. 

2. The method for the production of a sealing tool as set forth in claim 1, which comprises setting the filling rate of 
the sample to be sterilized in the sterilization bag to be to 50 % or more for a gasket for a normal type syringe and 

25 to 20 % or more for a gasket for a large-sized syringe under the sterilization condition, thereby carrying out the 
sterilization. 

3. A method for the production of a sealing tool, which comprises setting a sterilization condition to a combination of 
70 (g/pulse) of an aqueous hydrogen peroxide solution (a concentration of 35 % by weight) injection amount X 4 

30 pulses and 20 pulses of an aeration, setting a filling rate of a sample to be sterilized in a sterilization bag to be to 

20 % or more for a gasket for a normal type syringe or a gasket for a large-sized syringe, thereby carrying out the 
sterilization. 

4. 
35 

5. 

40 

6. 

7. 
45 

8. 

50 

9. 

55 

The method for the production of a sealing tool as set forth in any one of claims 1 to 3, which comprises setting 
the number of repetitions of the aeration pulse to be carried out next to a sterilization pulse in the sterilization 
treatment to be 30 pulses or more. 

The method for the production of a sealing tool as set forth in any one of claims 1 to 3, which comprises setting 
the number of repetitions of the aeration pulse to be 5 to 50 pulses or more. 

The method for the production of a sealing tool as set forth in any one of claims 1 to 4, which comprises setting 
the sterilization pulses and the aeration pulses to be, in advance, conducted in combination. 

The method for the production of a sealing tool as set forth in any one of claims 1 to 5, which comprises setting 
an outer bag further accommodating the sterilization bag having the article to be processed to be mounted in a 
porous container for mounting with a volume rate of 12 to 55 %, thereby carrying out the sterilization treatment. 

The method for the production of a sealing tool as set forth in any one of claims 1 to 5, which comprises setting 
the article to be processed to be at least one member selected from a rubber cap, a rubber gasket, a gasket for a 
piston (plunger) to be inserted into an injection cylinder (syringe), a tool for preventing liquid leakage such as 
rubber boots, and an elastic ring for a bushing and for fitting a joint. 

The method for the production of a sealing member as set forth in any one of claims 1 to 7, which comprises rubber 
being at least one member selected from the following conjugated diene rubber and non-conjugated diene rubber: 
the conjugated diene rubber being natural rubber, a variety of synthetic rubber materials, blends each comprising 
at least two of these natural and synthetic rubber materials and copolymer rubber comprising repeating units of 
these rubber materials and other repeating units copolymerizable therewith, wherein the synthetic rubber com
prises 1,4-cis-polyisoprene rubber obtained by 1 ,4-addition polymerization of isoprene, which is a repeating unit 
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mainly constituting the natural rubber, 1,4-cis-polybutadiene rubber and isobutene-isoprene copolymer rubber; the 
non-conjugated diene rubber being copolymer rubber materials of at least two 1-olefins or multi-component co
polymer rubber materials obtained by copolymerizing these monomers with third non-conjugated dienes, wherein 
the copolymer rubber materials of at least two 1-olefins is at least one member selected from the group consisting 

s of ethylene-propylene (copolymer) rubber, ethylene-1-butene copolymer rubber and propylene-1-butene copoly
mer rubber, and wherein the multi-component copolymer rubber obtained by copolymerizing these monomers with 
a third non-conjugated diene is at least one member selected from the group consisting of ethylene-propylene-
1 ,4-hexadiene copolymer rubber, ethylene-propylene-methylene norbornene copolymer rubber and ethylene-pro
pylene-ethylidene norbornene copolymer rubber. 

10 

10. The method for the production of a sealing tool as set forth in any one of claims 1 to 8, which comprises the 
thermoplastic elastomer (thermoplastic rubber) being a polymer or a kneaded composition (kneaded mixture) of 
at least two polymers, which simultaneously has characteristic properties of thermoplastic resin and elastomer; 
the polymer composition, which can be formed into a variety of shapes as set forth in the molding method applicable 

15 to the resin and can be subjected to vulcanization treatment (crosslinking treatment) applicable to the elastomer, 
is at least one kneaded composition selected from the group consisting of kneaded compositions of polyolefin 
resins and ethylene-propylene (copolymer) rubber, kneaded compositions of polyolefin resins and ethylene-pro
pylene-non-conjugated diene copolymer rubber and kneaded compositions of propylene-1-butene copolymer res
ins and ethylene-propylene-non- conjugated diene copolymer rubber. 

20 

11. The method for the production of a sealing tool as set forth in any one of claims 1 to 9, which comprises the 
thermoplasticelastomer being a thermally kneaded composition comprising at least one member selected from 
the group consisting of polyethylene resins, polypropylene resins, poly-1-butene resins, poly-4-methyl-1-pentene 
resins and poly-1-hexene resins; and at least one member selected from the group consisting of ethylene-propyl-

25 ene-1,4-hexadiene copolymer rubber, ethylene-propylene-methylene norbornene copolymer rubber and ethylene
propylene-ethylidene norbornene copolymer rubber. 
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Fig. 2 Outlined Process for Sterilization Cycle 
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Fig. 4 Time required for the degassing treatment and residual EO concentration 
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Fig. 5 · Time required for the degassing treatment and residual EG concentration 
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Fig. 6 
Time required for the degassing treatment and residual ECH concentration 
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Description 

[0001] The present invention relates to a new process 
for the decontamination by radiation of a product, in par
ticular a packaging containing medical devices. 
[0002] The conditions of sterility in which certain stag
es of the handling or transportation of items or instru
ments intended for medical use are to be performed are 
extremely strict, particularly in the pharmaceutical indus
try. It is therefore extremely important to produce pack
aging compatible with such requirements. 
[0003] In the present application, the expression "ra
diation screen" is to be understood as being a screen 
capable of reflecting or absorbing substantially all the 
kinetic energy of the electrons from an electron beam, 
and therefore of preventing these electrons from passing 
through the said screen. 
[0004] In the present application, the expression 
"semi-permeable radiation screen" is to be understood 
as being a screen capable of partially reflecting or ab
sorbing the kinetic energy of the electrons from an elec
tron beam, and therefore of allowing only a restricted 
percentage of these electrons to pass through the said 
screen. 
[0005] In the present application, the expression "se
lectively impervious material" is to be understood as 
meaning that the material is designed, in terms of struc
ture, to control any exchange between the inside of the 
packaging and its external environment. This means, 
among other things, that the packaging is impervious to 
contamination by micro-organisms, bacteria and/or a bi
ologically active material likely to come into contact with 
the packaging while it is being handled, while at the same 
time remaining permeable to a sterilization or decontam
ination gas, for example of the ETO (ethylene oxide) type. 
[0006] Packagings for items that are or may be steri
lized by a sterilization gas are known. In the case of med
ical items such as syringes, these packaging usually 
comprise a tub sealed with a cover sheet made of a se
lectively impervious material. An example of such a pack
aging is shown on figures 1 and 2. Figure 1 is a cross 
section view of a product which is a packaging 1 com
prising a tub 2 and a cover sheet 3, usually made of a 
selectively impervious material, said cover sheet 3 being 
sealed to the tub 2 so as to seal said tub 2 imperviously. 
The tub 2 comprises a plurality of medical items under 
the form of syringes bodies 4. In the example shown, the 
syringes bodies 4 are received in holes designed on a 
plate placed inside the tub 2 and bearing on a rim pro
vided on the inner wall of the tub 2. 
[0007] As it appears clearly from figure 2, which is a 
top view of the packaging 1 of figure 1, the cover sheet 
3 defines a central area 5, located more or less above 
the syringe bodies 4, which are shown in dashes, and a 
peripheral outline 6 surrounding this central area 5. The 
peripheral outline 6 corresponds more or less to the seal
ing portion of the cover sheet 3 on the tub 2. 
[0008] Usually, in order to proceed with the sterilization 

of the items 4 contained in such a packaging 1, a sterili
zation gas, for example of the ethylene oxide type, enters 
the tub 2 through the cover sheet 3 of selectively imper
vious material. The tub 2 containing the sterilized items 

s 4 is then placed in a protective bag so that the said tub 
2 can be transported. In order to proceed with the sub
sequent handling step, for example the filling of the sy
ringe bodies 4, the protective bag needs to be opened. 
The packaging 1, which may then be contaminated, 

10 needs to be decontaminated before it is taken, for exam
ple, into a sterile room. 
[0009] Such decontamination can be achieved using 
multidirectional radiation by an electron beam developing 
enough energy that when it has passed through the cover 

15 sheet, it delivers a dose of radiation of, for example, 25 
kGy. This means that it can be taken that the selectively 
impervious material has been decontaminated through
out its thickness, particularly at the sealing portion locat
ed at the peripheral outline 6 of the cover sheet 3 at the 

20 interface between the tub 2 and the said material. Indeed, 
it is very important that the peripheral outline 6 of the 
cover sheet 3, the downside 6a (see figure 1) of which 
is not in contact with the sealed atmosphere of the inside 
of the tub 2, unlike the downside 5a of the central area 

25 5 of the cover sheet 3, be totally decontaminated. As far 
as the rest of the tub 2 is concerned, namely the bottom 
and lateral walls of said tub 2, the combination of the 
density and thickness of said tub 2 is such that it stops 
these electrons. 

30 [001 0] This type of decontamination is not, however, 
suitable for every type of product transported in the pack
aging. This is because the electron beam passing 
through the cover sheet 3 of selectively impervious ma
terial carries the risk, on the one hand, of altering or ad-

35 versely affecting the material of which the syringe bodies 
4 or items placed in the tub 2 are made of, for example 
glass, and on the other hand, of using the oxygen in the 
air contained in the said tub 2 to generate ozone which 
carries the risk, on the one hand, of adversely affecting 

40 the active products used to fill the syringes and/or, for 
example, the rubber components present in the tub 2 
such as the caps on the needles mounted on the syringe 
bodies 4, for example, and on the other hand, of polluting 
the atmosphere. 

45 [0011] There is therefore a need for a process of ster
ilization of a product, in particular of a packaging contain
ing medical devices as described above, that would allow 
the efficient decontamination of the peripheral outline of 
said product while preserving the integrity of the items 

50 stored in said product or the internal part of said product, 
and this whatever the shape of the product. 
[0012] For example, a radiation level that would not 
alter the content of a product such as a packaging is a 
radiation level of equal to or less than 8 kGy. 

55 [0013] The present invention aims at satisfying this 
need by proposing a process for decontamination by ra
diation of a product having at least one side partially 
transparent to radiations, comprising at least one expos-

2 
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ing step during which at least one radiation generator is 
used in order to expose at least a first part of said product 
to a first radiation level and at least a second part of said 
product to a second radiation level, characterized in that 
said at least one side partially transparent to radiations 
of said product comprises a first part of said product com
prising a peripheral outline, and said second part of said 
product comprising a central area, said first radiation lev
el being higher than said second radiation level. 
[0014] In the present application, the expression "one 
side opaque to radiations" is to be understood as mean
ing that the side is made of materials designed to stop 
all the radiation, ie 100% of the electron beam, it is ex
posed to. 
[0015] In the present application, the expression "one 
side partially transparent to radiations" is to be under
stood as meaning that the side is made of materials de
signed to allow pass through said side a predetermined 
proportion of radiations, ie the electron beam, it is ex
posed to. 
[0016] In the present application, a preferred partially 
transparent side is a side made of a material that, while 
exposed to an radiation level of 50 kGy, allows an radi
ation level of equal to or less than 8 kGy to pass through 
said side. 
[0017] The process of the invention allows the efficient 
decontamination of a first part of a product, such as a 
packaging peripheral outline, and of a second part of said 
product such as the central area defined by said periph
eral outline, without altering the integrity for example of 
said medical items contained in such a packaging, and 
regardless from the shape of said product and/or pack
aging. The product to be decontaminated can also be 
different from a packaging. It can be a product for which 
the inside integrity needs to be preserved by preventing 
electron radiation from reaching it. 
[0018] In an embodiment of the invention, the product 
has at least one side opaque to radiations. 
[0019] In an embodiment of the invention, said product 
having substantially the shape of a box having six sides, 
said product comprises five sides opaque to radiations 
and one side partially transparent to radiations. 
[0020] In an embodiment of the process of the inven
tion, during said exposing step, said first part and second 
part are successively exposed to said first and second 
radiation levels. 
[0021] In the present application, the terms "high, low, 
higher and lower'' used to compare the radiation levels 
emitted by the radiation generators or received by the 
product correspond to the radiation intensity respectively 
received and emitted. 
[0022] In an embodiment of the process of the inven
tion, during said exposing step, said first part and second 
part are simultaneously exposed to said first and second 
radiation levels. 
[0023] In an embodiment of the process of the inven
tion, said first and second radiation levels are reached 
by using at least a high radiation generator and a low 

radiation generator respectively emitting high and low 
radiation levels. 
[0024] In an embodiment of the process of the inven
tion, said first and second radiation levels are reached 

s by using at least a long radiation exposition period and 
a short radiation exposition period respectively toward 
said first and second parts of said product. 
[0025] In an embodiment of the process of the inven
tion, said short and long radiation exposition periods are 

10 reached by using two different displacement speeds of 
said product relative to said radiation generator. 
[0026] In an embodiment of the process of the inven
tion, said first and second radiation levels are reached 
by using at least one variable radiation generator set in 

15 order to emit a first radiation level toward said first part 
of said product and a second radiation level toward said 
second part of said product. 
[0027] In an embodiment of the process of the inven
tion, said first and/or second radiation levels are reached 

20 by using a radiation generator having a shape roughly 
similar to said first and/or second part(s) of said product. 
[0028] In another embodiment of the process of the 
invention, said first and second radiation levels are 
reached by using at least a high radiation generator to 

25 emit high radiation level toward said product and placing 
a radiation screen or semi permeable radiation screen 
between said high radiation generator and said second 
part of said product. 
[0029] Said radiation screen or semi permeable radi-

30 ation screen may be fixed with respect to said second 
part of said product. 
[0030] Alternatively, said high radiation generator is 
mobile with respect to said product and said radiation 
screen or semi permeable radiation screen is removably 

35 fixed to said high radiation generator. 
[0031] In another embodiment of the process of the 
invention, said first and second radiation levels are 
reached by placing at least a first and a second radiation 
generator at specific angle positions with respect to re-

40 spectively the first and second parts of said product. 
[0032] Another aspect of the invention is an equipment 
for radiation decontamination of a product, said product 
comprising at least one side partially transparent to ra
diations, said partially transparent side comprising a cen-

45 tral area and a peripheral outline, said equipment com
prising at least one radiation generator able to emit a 
predetermined quantity of radiations during a predeter
mined period of time toward said product, characterized 
in that it further comprises radiation setting means to set 

50 at least a first radiation level received by said peripheral 
outline of said product and a second radiation level re
ceived by said central area of said product and permitting 
to limit the dose of radiation received by the content of 
said product, said first radiation level being higher than 

55 said second radiation level. 

3 

[0033] Said radiation setting means may comprise a 
radiation screen or semi permeable radiation screen lo
cated between said radiation generator and said second 

Regeneron Exhibit 1068.132 
Regeneron v. Novartis 

IPR2020-01317



5 EP 1 944 044 A1 6 

part of said product. 
[0034] Said radiation screen or semi permeable 
screen may be fixed with respect to said second part of 
said product. 
[0035] In an embodiment of the invention, the equip
ment comprises a high radiation generator and a low ra
diation generator respectively emitting said first radiation 
level and said second radiation level. 
[0036] In an embodiment of the invention, the equip
ment comprises displacement means of said product rel
ative to said generator, said displacement means being 
adjustable to have a low speed for the radiation of one 
of said first or second part and a high speed for the ra
diation of the other part. 
[0037] In another embodiment of the invention, the 
equipment comprises a variable radiation generator set 
in order to emit a first radiation level toward said first part 
of said product and a second radiation level toward said 
second part of said product. 
[0038] In another embodiment of the invention, the 
equipment comprises at least a radiation generator hav
ing a shape roughly similar to said first and/or second 
part of said product. 
[0039] In another embodiment of the invention, the 
equipment comprises a first and a second radiation gen
erators located at specific angle positions with respect 
to respectively the first and second parts of said product. 
[0040] Otherfeatures and advantages will become ap
parent from the detailed description given hereinafter, 
given by way of example with reference to the appended 
drawings in which: 

Figure 1 is a cross section view of a packaging in
tended to undergo the decontamination process of 
the invention, 
Figure 2 is a top view of the packaging of figure 1, 
Figures 3 to 6 are top views of four steps of the proc
ess of the invention, 
Figure 7 is a top view of the radiation step of a second 
embodiment of the process of the invention, 
Figure 8 is a schematic side view of the radiation 
step of a third embodiment of the process of the in
vention, 
Figure 9 is a top view of the radiation step of a fourth 
embodiment of the process of the invention, 
Figure 10 is a top view of the radiation step of a fifth 
embodiment of the process of the invention. 

[0041] Figures 1 and 2 are already described at the 
beginning of the present description. In the following de
scription of figures 3 to 10, the product 1 to be sterilized 
by the different embodiments of the process oft he inven
tion is a packaging 1 according to figures 1 and 2. In 
consequence, the references used to designate the dif
ferent elements of the packaging 1 of figures 1 and 2 are 
maintained in the description offigures 3 to 10. The pack
aging 1 has substantially the shape of a box having six 
sides, a top side, four lateral walls forming four lateral 

sides, and a bottomside. lntheexampleshown, the cover 
sheet 3 of the packaging 1 is made of a selectively im
pervious material such as a layer of filaments of a high 
density polyethylene bound together by heat and pres-

s sure, such as the product sold by the Company Du Pont 
underthetrademark "TYVEK®". The coversheet3 forms 
part of the top side of the packaging 1: the top side is 
partially transparent to radiations. The five other sides of 
the packaging, ie the four lateral walls and the bottom 

10 side, are sides which are opaque to radiations. In the 
example shown the syringe bodies 4 are made out of 
glass. 
[0042] In reference to figures 3 to 6, the packaging 1 
is to be sterilized according to a first embodiment of the 

15 process with an equipment 100 according to the inven
tion. As shown on figure 3, the equipment 100 comprises 
a first radiation generator which is a high radiation gen
erator 1 O and a second radiation generator which is a 
low radiation generator 11. In particular, the high radia-

20 tion generator 1 O is capable to emit a high radiation level, 
for example a high energy electron beam, for instance 
ranging from 25 kGy to 50 kGy. A high radiation generator 
1 0 suitable for the present invention is for example the 
generator "Kevac" supplied by the company La Calhene 

25 and ranging from 150 to 250 kVolts. The low radiation 
generator 11 is capable to emit a low radiation level, for 
example a low energy electron beam, for instance rang
ing from 1 O kGy to 30 kGy. A low radiation generator 11 
suitable for the present invention is for example a gen-

30 erator "Kevac" supplied by the company La Calhene and 
ranging from 80 to 150 kVolts. 
[0043] In an embodiment of the invention, the packag
ing 1 is placed on a conveyor (not shown) and is moved 
with respect to the high and low radiation generators (10, 

35 11) which are immobile. In an alternative embodiment of 
the process of the invention, the packaging 1 is fixed and 
the high and low generators ( 1 o, 11) move relative to the 
packaging 1. 
[0044] On the example shown on figures 3 to 6, the 

40 high and low generators ( 1 0, 11) are fixed and the pack
aging 1 moves from the right of the figures to the left. 
[0045] On figure 3, at the beginning of the process of 
the invention, the low radiation generator 11 is vis-a-vis 
of the central area 5 of the packaging 1, which is situated 

45 above the syringe bodies 4, which are shown in dashes 
and of part of the peripheral outline 6. Low radiation gen
erator 11 emits a low radiation level towards said central 
area 5 and part of the peripheral outline 6 in order for 
them to receive, for example, a radiation level of 25 kGy. 

50 Such a low level of radiation does not alter the integrity 
of the syringe bodies 4 contained in the packaging 1. At 
the same time, the high radiation generator 10, which is 
spaced away from the low radiation generator 11, is vis
a-vis of part of the peripheral outline 6 of the cover sheet 

55 3, where a high radiation level is needed in order to de
contaminate the top, the inner and the downside (not 
visible) of the peripheral outline 6 of the cover sheet 3, 
at the sealing zone with the tub 2. At this stage of the 

4 
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process of the invention, the high radiation generator 10 
emits a high radiation level in order for the part of the 
peripheral outline 6 to receive, for example, a radiation 
level of 40 kGy. 
[0046] Figure 4 shows the equipment 100 of the inven
tion and the packaging 1 once said packaging 1 has 
moved a little forward. At this stage of the process of the 
invention, the low radiation generator 11 is vis-a-vis of 
further part of the central area 5 and of the peripheral 
outline 6 and it continues to emit the low radiation level 
in order for the parts of the central area 5 and of the 
peripheral outline 6 to receive a radiation level of 25 kGy. 
The high radiation generator 1 O is now also vis-a-vis of 
a part of the central area 5 of the cover sheet 3 and of a 
part of the peripheral outline 6. A radiation screen 12 is 
now provided between the high radiation generator 10 
and the central area 5 to prevent the high radiation level 
emitted by said high radiation generator 1 O to damage 
the syringe bodies 4 situated below the central area 5 of 
the coversheet 3. The radiation screen 12 may be chosen 
in the group of, for example, stainless steel, aluminium, 
thick plastic plate. Such a radiation screen 12 reflects or 
absorbs substantially all the kinetic energy of the elec
trons from the electron beam of the high radiation level 
emitted by the high radiation generator 1 0, and therefore 
prevents these electrons from passing through it. In the 
example, the radiation screen 12 is connected to the high 
radiation generator 1 O and collapsible in order to be 
placed between the high radiation generator 1 o and the 
packaging 1 before the central area is submitted to high 
level radiations. In another example not shown, the ra
diation screen can be mobile and moves along with the 
packaging in regards to the high and low radiation gen
erators. As appears clearly on figures 4 and 5, the radi
ation screen 12 is dimensioned so as to be in regard to 
the central area 5 only and so as to leave the peripheral 
outline 6 on the lateral side of the cover sheet 3 free of 
any screen, so that said peripheral outline 6 is able to 
receive the high radiation level emitted by the high radi
ation generator 1 0. 
[0047] Figure 5 shows the equipment 100 of the inven
tion and the packaging 1 once said packaging 1 has 
moved a little forward with respect to figure 4. The low 
radiation generator 11 is now vis-a-vis of the peripheral 
outline 6 of the cover sheet 3 while the high radiation 
generator 10 is still vis-a-vis of the central area 5 which 
is protected from the high radiation level emitted by the 
high radiation generator 1 O by the radiation screen 12. 
[0048] Figure 6 shows the equipment 100 of the inven
tion and the packaging 1 once said packaging 1 has 
moved forward so that the high radiation generator 1 O is 
again vis-a-vis of the peripheral outline 6 of the cover 
sheet 3. At this stage of the process of the invention, the 
radiation screen 12, which was removably fixed to the 
high radiation generator 10, is removed. The peripheral 
outline 6 is then allowed to receive the high radiation level 
emitted by the high radiation generator 10. 
[0049] As not shown on the drawing, the lateral sides 

and downside of the product are also submitted to radi
ation level emitted by additionnal radiation generators, 
for example a low radiation level of 25 kGy. 
[0050] With the process of the invention described in 

s figures 3 to 6, the central area 5 of the product 1 has 
undergone only a low radiation level of 25 kGy. The pe
ripheral outline 6 of the product 1 has undergone a high 
radiation level of 40 kGy. Therefore, the packaging 1 is 
decontaminated without altering the syringe bodies 4 it 

10 contains. In particular, it has been shown that the periph
eral outline 6, and especially the downside 6a of such 
peripheral outline (see figure 1 ), is perfectly decontami
nated. 
[0051] In another embodiment of the invention, the pe-

15 ripheral outline 6 and the central area 5 may be submitted 
to a same level of radiation emission but for different pe
riods of time, for example by varying the speed displace
ment of an only radiation generator related to the pack
aging. In this case, the speed can be chosen lower when 

20 two sides of the peripheral outline 6 are submitted to the 
radiations and higher when the central area5 is submitted 
to the radiations. The product can be have a second pas
sage under radiation generator after having been rotated 
by 90° in order to expose the two other sides of the pe-

25 ripheral outline to a small speed during radiation. The 
speed difference and the radiation intensity are chosen 
accordingly with a formula detailed afteri n order to reach, 
for example, a radiation level of 25 kGy received by the 
central area 5 a radiation level of 40 kGy received by the 

30 peripheral outline. 
[0052] In an embodiment of the invention not shown, 
the central area 5 of the product 1 is protected by a semi 
permeable radiation screen. In consequence, when the 
high radiation generator 1 O is vis-a-vis of the central area 

35 5, a certain percentage of the electron beams is allowed 
to pass through the semi permeable radiation screen, 
realising the decontamination of the central area 5 of the 
cover sheet 3. For example, the semi-permeable radia
tion screen allows 60% of the electrons of the electron 

40 beam to pass through it. For example, for an initial elec
tron beam emitted by the high radiation level generator 
1 O as above, the central area 5 will undergo only a radi
ation level of 25 kGy, whereas the peripheral outline 6 
will still receive the initial high radiation level of 40 kGy. 

45 The semi-permeable radiation screen may be chosen in 
the group comprising for example, stainless steel, alu
minium, thin plastic plate, titanium. In such an embodi
ment, the low radiation generator 11 is no more neces
sary and may be removed. 

50 [0053] The process of the invention allows the total 
decontamination of the cover sheet 3, in its central area 
5 as well as on its peripheral outline 6 where it is sealed 
with the tub 2 and where its downside 6a (see figure 1) 
is not in contact with the sealed atmosphere of the inside 

55 of the tub 2. 

5 

[0054] Figure 7 illustrates a second embodiment of the 
process of the invention in which the equipment 100 of 
the invention comprises a single radiation generator 
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which is a variable radiation generator. A variable radia
tion generator suitable for the present invention is the 
generator "Kevac" supplied by the company La Cahlene 
equipped with regulation means. In such a case, two dif
ferent radiation zones, a high radiation zone 13 and a 
low radiation zone 14 are defined and the radiation level 
emitted is variable from a radiation zone to the other. The 
variation of the radiation level is set by varying the pa
rameters of the electron beam from the generator, in ac
cordance with the following formula : 

D = k . i . E/(S . W) 

in which: 

Dis the sterilization dose in kGy, 
i is the intensity of the electric current in mA (micro 
Ampere), 
E is the energy of the electrons in KeV (kilo Electron 
volts), 
Sis the speed of the rays from the radiation in m/min, 
W is the width of the rays in cm, 
k is a multiplier factor. 

[0055] The decontamination dose may therefore be 
adjusted by varying the speed of the rays or the energy 
of the electrons or the intensity of the electric current. 
[0056] Similar results may be achieved by using a com
bination not shown of high and low radiation generators. 
In this case, the high radiation generator is set in order 
to emit radiations according to the high radiation zone 13 
and no radiation or very few in the low radiation zone 14. 
The low radiation generator is set in order to emit radia
tions according to at least the low radiation zone 14. 
[0057] Figure 8 illustrates in a schematic way another 
embodiment of the process of the invention in which a 
first and a second radiation levels are reached by placing 
a first and a second radiation generators at specific angle 
positions with respect to the peripheral outline 6 and the 
central area 5. The downside 6a of the peripheral outline 
6 of the cover sheet 3 is decontaminated by horizontal 
rays 15 coming from a first radiation generator (not 
shown) whereas the central area 5 is decontaminated by 
oblique rays 16 coming from a second radiation gener
ator (not shown). For example, in the embodiment shown 
on figure 8, the oblique rays 16 may form an angle a of 
1 to 45° and preferably from 1 to 10° with the surface of 
the central area. The lateral walls of the tub 2, which are 
opaque to radiations, protect the syringe bodies (not 
shown) contained in the tub 2 from being altered by the 
horizontal and oblique rays (15, 16). 
[0058] Figure 9 illustrates another embodiment of the 
process of the invention in which the high radiation level 
is reached by using a first radiation generator 19 having 
a shape roughly similar to the peripheral outline 6 and 
emitting flashes of high level of radiation along the pe-

ripheral outline 6. The low radiation level is reached using 
a second radiation generator 18 similar to the low radia
tion generator 11 of figures 3to 6. In this example shown, 
the use of a radiation screen 17 dimensioned to cover 

s substantially all the central area 5 of the cover sheet 3 is 
optional. The radiation screen 17 may be chosen from 
the group comprising, for example, stainless steel, alu
minium, thick plastic plate. The equipment 100 of the 
invention is provided with a continuous electric strand 18 

10 which acts as a low radiation generator and creates a 
low radiation level such as a low energy electron beam 
in order to decontaminate the central area 5 of the cover 
sheet 3. The equipment 100 is also provided with a flash 
electric strand 19 which runs along the peripheral outline 

15 6, forming a rectangle, and which acts as a high radiation 
generator by creating a high radiation level such as a 
high energy electron beam in orderto decontaminate the 
peripheral outline 6 of the coversheet 3. During the emis
sion of the high radiation level by the flash electric strand 

20 19, the central area 5 can be protected by the radiation 
screen 17 and the syringe bodies contained in the pack
aging 1 are not altered. 
[0059] Figure 10 illustrates an alternative of the em
bodiment of the invention shown on figure 9. In this em-

25 bodiment, the rectangular flash electric strand of the 
equipment 100 of figure 9 is replaced by linear high elec
tric strands 21 able to emit a high radiation level and 
potentially combined and separated by a linear low elec
tric strand 18 to emit low radiation level. The equipment 

30 100 further comprises a continuous electric strand 20 
which creates a low radiation level like in the embodiment 
of figure 9. The lateral parts of the peripheral outline 6 
are then submitted to the high radiation level from the 
linear high electric strands 21 and the extremity parts of 

35 the outline 6 are submitted to a high radiation level 
reached by the addition of the low radiation level emitted 
by the linear low electric strand 18 and the low radiation 
level emitted by the continuous electric strand 20. The 
central area is submitted to the low radiation level emitted 

40 by the continuous electric strand 20. 
[0060] The process of the invention and the equipment 
of the invention allow the efficient decontamination of a 
first part of a product, such as a packaging for medical 
items, and of a second part of said product, without al-

45 tering the integrity of the contents of said product such 
as medical items, and regardless from the shape of said 
product and/or packaging. They also enable to efficiently 
decontaminate any kind of other products for which it is 
required to expose one of its parts to a lower radiation 

50 level than the other parts of it. 

Claims 

55 1. Process for decontamination by radiation of a prod
uct (1) having at least one side partially transparent 
to radiations, comprising at least one exposing step 
during which at least one radiation generator (10, 

6 
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part of said product (1 ). 

10. Process according to claim 1 or 2, characterized in 
that said first and second radiation levels are 

11; 18; 19) is used in order to expose at least a first 
part of said product (1) to a first radiation level and 
at least a second part of said product (1) to a second 
radiation level, characterized in that said at least 
one side partially transparent to radiations of said 
product ( 1) comprises a first part of said product (1) 
comprising a peripheral outline (6), and said second 
part of said product (1) comprising a central area (5), 
said first radiation level being higher than said sec
ond radiation level. 

s reached by using at least a high radiation generator 
(10; 19)to emit high radiation level toward said prod
uct (1) and placing a radiation screen (12; 1 7) or semi 
permeable radiation screen between said high radi
ation generator (1 O; 19) and said second part of said 

10 product (1 ). 

2. Process according to claim 1, characterized in that 
said product (1) has substantially the shape of a box 
having six sides, said product (1) comprising five 
sides opaque to radiations and one side partially 15 

transparent to radiations. 

3. Process according to claim 1 or 2, characterized in 
that during said exposing step, said first part and 
second part are successively exposed to said first 20 

and second radiation levels. 

4. Process according to claim 1 or 2, characterized in 
that during said exposing step, said first part and 
second part are simultaneously exposed to said first 25 

and second radiation levels. 

5. Process according to claim 1 or 2, characterized in 
that said first and second radiation levels are 
reached by using at least a high radiation generator 30 

(1 O; 19) and a low radiation generator (11; 18) re
spectively emitting high and low radiation levels. 

6. Process according to claim 1 or 2, characterized in 
that said first and second radiation levels are 35 

reached by using at least a long radiation exposition 
period and a short radiation exposition period re
spectively toward said first and second parts of said 
product (1). 

7. Process according to claim 6, characterized in that 
said short and long radiation exposition periods are 
reached by using two different displacement speeds 
of said product ( 1) relative to said radiation generator 

40 

(10;19;11;18). 45 

11. Process according to claim 10, characterized in 
that said radiation screen (17) or semi permeable 
radiation screen is fixed with respect to said second 
part of said product (1). 

12. Process according to claim 10, characterized in 
that said high radiation generator (10) being mobile 
with respect to said product (1 ), said radiation screen 
(12; 17) or semi permeable radiation screen is re
movably fixed to said high radiation generator ( 10). 

13. Process according to claim 1 or 2, characterized in 
that said first and second radiation levels are 
reached by placing at least a first and a second ra
diation generators (15, 16) at specific angle positions 
with respect to respectively the first and second parts 
of said product (1 ). 

14. Equipment (100) for radiation decontamination of a 
product (1 ), said product (1) comprising at least one 
side partially transparent to radiations, said partially 
transparent side comprising a central area (5) and a 
peripheral outline (6), said equipment comprising at 
least one radiation generator (1 0, 11; 1 8, 19; 20, 21) 
able to emit a predetermined quantity of radiations 
during a predetermined period of time toward said 
product (1 ), characterized in that it further compris
es radiation setting means ( 12; 17) to set at least a 
first radiation level received by said peripheral outline 
(6) of said product (1) and a second radiation level 
received by said central area (5) of said product (1) 
and permitting to limit the dose of radiation received 
by the content of said product (1 ), said first radiation 
level being higher than said second radiation level. 

15. Equipment (100) according to claim 14, character
ized in that said radiation setting means comprises 
a radiation screen (12; 17) or a semi permeable ra-

8. Process according to claim 1 or 2, characterized in 
that said first and second radiation levels are 
reached by using at least one variable radiation gen
erator set in order to emit a first radiation level toward 
said first part of said product (1) and a second radi
ation level toward said second part of said product 
(1 ). 

50 diation screen located between said radiation gen
erator (1 0; 19) and said central area (5) of said prod
uct (1 ). 

9. Process according to claim 1 or 2, characterized in 55 

that said first and/or second radiation levels are 
reached by using a radiation generator (19) having 
a shape roughly similar to said first and/or second 

7 

16. Equipment (100) according to claim 15, character
ized in that said radiation screen (17) or semi per
meable radiation screen is fixed with respect to said 
central area (5) of said product (1 ). 
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17. Equipment (100) according to claim 14, character
ized in that it comprises a high radiation generator 
(1 0; 19) and a low radiation generator (11; 18) re
spectively emitting said first radiation level and said 
second radiation level. s 

18. Equipment (100) according to claim 14, character
ized in that it comprises displacement means of said 
product (1) relative to said generator (10, 11 ), said 
displacement means being adjustable to have a low 10 

speed for the radiation of one of said peripheral out-

19. 

20. 

21. 

line (6) or central area (5) and a high speed for the 
radiation of the other part (5, 6). 

Equipment (100) according to claim 14, character-
ized in that it comprises a variable radiation gener-
ator set in order to emit a first radiation level toward 
said peripheral outline (6) of said product (1) and a 
second radiation level toward said central area (5) 
of said product (1). 

Equipment (100) according to claim 14, character-
ized in that it comprises at least a radiation gener-
ator (19) having a shape roughly similar to said cen-
tral area (5) and/or peripheral outline (6) of said prod-
uct (1 ). 

Equipment (100) according to claim 14, character-
ized in that it comprises a first and a second radia-
tion generators located at specific angle positions 
with respect to respectively the central area (5) and 
peripheral outline (6) of said product (1 ). 
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STERILIZATION OF OBJECTS CONTAINING BIOLOGICAL MOLECULES 

Cross-Reference to Related Applications 

This application claims the benefit of U.S. Provisional Application No. 60/871,426, 

filed December 22, 2007, which is incorporated by reference in its entirety. 

Field of Invention 

The invention relates to methods for surface-sterilizing objects containing ethylene

oxide-sensitive, temperature-sensitive compounds, including biological molecules. 

Background of Invention 

Objects used in medical applications are generally sterilized before use. Sterilization 

15 can be accomplished by a variety of methods including, e.g., steam sterilization, radiation 

sterilization, gas sterilization ( e.g. with ethylene oxide), and chemical sterilization. However, 

these treatments cannot be used for objects containing pharmaceutical compositions because 

their active ingredients are typically sensitive to them. For example, steam and gas 

sterilization are generally performed at high temperatures (approx. 45°C to 55°C or higher) 

20 that damage certain active ingredients in pharmaceutical compositions. Similarly, the agents 

used for radiation or chemical sterilization generally cause chemical damage to the active 

ingredients. Consequently, pharmaceutical compositions are generally sterilized by an 

alternative method, e.g. by filtration, and then packaged into separately sterilized objects. 

Because of the complexity of this process, it is difficult to also ensure the sterility of the 

25 surfaces of the objects. 

In many circumstances it would be advantageous to sterilize the surfaces of these 

objects in order to reduce the risk of contamination during subsequent handling. For 

example, there is an increased risk of endophthalmitis after intraocular injection if the surface 

of the syringe used for injection is not sterilized. Thus, there remains a need for efficient and 

30 cost-effective methods of surface-sterilizing objects containing ethylene-oxide-sensitive, 

temperature-sensitive compounds, such as biological molecules, without a significant adverse 

effect on their activity or integrity. 
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Summary of the Invention 

The invention relates to methods for surface-sterilizing objects containing ethylene

oxide-sensitive, temperature-sensitive compounds, such as biological molecules. The 

invention is based, in part, on the surprising discovery of ethylene-oxide-based sterilization 

5 conditions that will effectively sterilize the surface of an object but which do not significantly 

damage ethylene-oxide-sensitive, temperature-sensitive compounds contained inside. 

In one aspect, the invention provides a method for surface-sterilizing an object having 

an ethylene-oxide(EtO)-impermeable interior space containing a compound with a 

temperature-sensitive and EtO-sensitive activity by exposing the object to EtO under 

10 conditions such that the object is surface-sterilized and the compound retains at least 50% of 

said activity. In some embodiments, the conditions comprise: a) temperature between 25°C 

and 35°C; b) EtO concentration of between 300 mg/Land 800 mg/L; and c) relative humidity 

between 45% and 60%; for between 1 and 6 hours. In some embodiments, the conditions 

comprise: a) temperature between 27°C and 33°C; b) EtO concentration of between 300 

15 mg/Land 600 mg/L; and c) relative humidity between 48% and 52%; for between 1 and 6 

hours. In some embodiments, the conditions comprise: a) temperature of 30°C; b) EtO 

concentration of 600 mg/L; and c) relative humidity of 50%; for 1, 1.5 or 2 hours. 

In some embodiments, the compound retains at least 90% of said activity. In some 

embodiments, the compound is a polypeptide, e.g. an antibody, which includes monoclonal 

20 antibodies, chimeric antibodies, humanized antibodies or human antibodies. In some 

embodiments where the compound is a polypeptide, the percent alkylation of the polypeptide 

is not statistically different from a control polypeptide not exposed to EtO. In some 

embodiments, the antibody is an antigen-binding fragment, e.g. a Fab fragment. In some 

embodiments, the Fab fragment binds VEGF, e.g. ranibizumab (LUCENTIS®). 

25 In some embodiments, the compound is present in an aqueous pharmaceutical 

composition, e.g. a composition comprising at least one of: an amino acid, a disaccharide 

and a non-ionic surfactant. In some embodiments the pharmaceutical composition comprises 

histidine, trehalose and polysorbate 20. 

In some embodiments, the object is a syringe. In some embodiments the syringe 

30 comprises glass and comprises a stopper comprising D777-7 laminated with FluroTec®; and 

a tip cap comprising D777-7 laminated with FluroTec(B; or D21-7H laminated with 

FluroTec®. In some embodiments, the object is contained within a package comprising an 

EtO-permeable material, e.g. TYVEK®. 
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In another aspect, the invention provides an object produced by a method of the 

invention. 

Detailed Description of the Invention 

Unless defined otherwise, all technical and scientific terms used herein have the same 

meaning as is commonly understood by one of ordinary skill in the relevant art. All patents 

and publications mentioned herein are expressly incorporated by reference in their entireties 

for all purposes. 

Throughout this specification and claims, the word "comprise," or variations such as 

10 "comprises" or "comprising," indicate the inclusion of any recited integer or group of 

integers but not the exclusion of any other integer or group of integers. 

As used herein, a "compound" is any molecule that has an activity which can be 

measured. Compounds according to the present invention generally have a pharmacological 

activity. For example, the activity of a compound may include the ability to bind to a 

15 particular molecule, to inhibit ( or enhance) an enzymatic activity, induce a particular 

physiological response, etc. 

As used herein, an "ethylene-oxide-impermeable" or "EtO-impermeable" object is 

one in which no more than 0.5 ppm EtO is present inside the object after EtO sterilization. 

As EtO-impermable object my comprise, e.g., glass and/or certain plastics. 

20 As used herein, an activity is "ethylene-oxide-sensitive" or "EtO-sensitive" when the 

25 

activity is reduced following exposure to ethylene oxide (EtO). In some embodiments, the 

exposure is to 10 ppm EtO at 30°C for 3 days. In some embodiments, the activity is reduced 

by at least 90% following EtO exposure. In some embodiments, the activity is reduced by 

less that 90%, e.g. at least 80%, 70%, 60% or 50%. 

As used herein, "percent alkylation" in the context of a polypeptide is the percentage 

of polypeptide that is in the basic peak relative to polypeptide that is in the acidic or main 

peaks as measured by IEC. 

As used herein, an activity is "temperature-sensitive" when the activity is reduced 

following exposure to a high temperature, e.g. above room temperature. In some 

30 embodiments, the exposure is for 2 hours. In some embodiments, the activity is reduced 

following exposure to temperatures of at least 30°C, e.g. at least 35°C, 40°C, 45°C, 50°C, 

55°C or 60°C. In some embodiments, the activity is reduced by at least 90% following 

exposure to a high temperature. In some embodiments, the activity is reduced by less that 
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90%, e.g. at least 80%, 70%, 60% or 50%. In some embodiments, the activity is reduced by 

at least 5% or at least 1 %. 

As used herein, the surfact of an object is "sterilized" when the amount of at least one 

biological contaminant present on the surface of the object being treated according to the 

5 present invention is reduced following the treatment. Typically, the amount is reduced by at 

least one log (i.e. by at least 10-fold). In some embodiments of the invention, the amount is 

reduced by 2 logs, 3 logs, 4 logs, 5 logs, or 6 logs. 

As used herein, a "biological contaminant" is a contaminant that, upon direct or 

indirect contact with a biological material, may have a deleterious effect on the biological 

10 material. Examples of biological contaminants include viruses; bacteria or bacterial spores; 

parasites; yeasts; molds; mycoplasmas; and prions. Further, a biological contaminant need 

not be naturally or accidentally present. For example, a biological contaminant may be 

Bacillus subtilis spores deliberately placed on the surface of an object to be sterilized in order 

to monitor the success of the sterilization. 

15 As used herein, a "subject" is a human subject or patient. 

As used herein, a "polypeptide" is broadly defined and includes both short 

polypeptides as well as longer polypeptides such as proteins and protein fragments. For 

example, the term polypeptide may include from dipeptides, tripeptides, and the like to 

enzymes, hormones, antibodies or any fragments of these that has an activity. 

20 As used here, the term "antibody" is used in the broadest sense and specifically covers 

monoclonal antibodies, polyclonal antibodies, multispecific antibodies (e.g. bispecific 

antibodies), and antibody fragments, so long as they exhibit the desired biological activity. 

The term "monoclonal antibody" as used herein refers to an antibody from a 

population of substantially homogeneous antibodies, i.e., the individual antibodies 

25 comprising the population are identical and/or bind the same epitope(s ), except for possible 

variants that may arise during production of the monoclonal antibody, such variants generally 

being present in minor amounts. Such monoclonal antibody typically includes an antibody 

comprising a polypeptide sequence that binds a target, wherein the target-binding polypeptide 

sequence was obtained by a process that includes the selection of a single target binding 

30 polypeptide sequence from a plurality of polypeptide sequences. For example, the selection 

process can be the selection of a unique clone from a plurality of clones, such as a pool of 

hybridoma clones, phage clones or recombinant DNA clones. It should be understood that 

the selected target binding sequence can be further altered, for example, to improve affinity 
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for the target, to humanize the target binding sequence, to improve its production in cell 

culture, to reduce its immunogenicity in vivo, to create a multispecific antibody, etc., and that 

an antibody comprising the altered target binding sequence is also a monoclonal antibody of 

this invention. In contrast to polyclonal antibody preparations which typically include 

5 different antibodies directed against different determinants ( epitopes ), each monoclonal 

antibody of a monoclonal antibody preparation is directed against a single detem1inant on an 

antigen. In addition to their specificity, monoclonal antibody preparations are advantageous 

in that they are typically uncontaminated by other immunoglobulins. The modifier 

"monoclonal" indicates the character of the antibody as being obtained from a substantially 

10 homogeneous population of antibodies, and is not to be construed as requiring production of 

the antibody by any particular method. For example, the monoclonal antibodies to be used in 

accordance with the present invention may be made by a variety of techniques, including, for 

example, the hybridoma method (e.g., Kohler et al., Nature, 256:495 (1975); Harlow et al., 

Antibodies: A Laborat01J: ,t,fanual, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988); 

15 Hammerling et al., in: Monoclonal Antibodies and T-Cell Hybridomas 563-681, (Elsevier, 

N.Y., 1981)), recombinant DNA methods (see, e.g., U.S. Patent No. 4,816,567), phage 

display technologies (see, e.g., Clackson et al., Nature, 352:624-628 (1991); Marks et al., J. 

Afol. Biol., 222:581-597 (1991); Sidhu et al., J. Afol. Biol. 338(2):299-310 (2004); Lee et al., 

J.Mol.Biol.340(5):1073-1093 (2004); Fellouse, Proc. Nat. Acad. Sci. USA 101(34):12467-

20 12472 (2004); and Lee et al. J. Immunol. Afethods 284(1-2):119-132 (2004), and technologies 

for producing human or human-like antibodies in animals that have parts or all of the human 

immunoglobulin loci or genes encoding human immunoglobulin sequences (see, e.g., WO 

1998/24893; WO 1996/34096; WO 1996/33735; WO 1991/10741; Jakobovits et al., Proc. 

Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits et al., Nature, 362:255-258 (1993); 

25 Bruggemann et al., Year in Immuno., 7:33 (1993); U.S. Patent Nos. 5,545,806; 5,569,825; 

5,591,669 (all of GenPharm); U.S. Patent No. 5,545,807; WO 1997/17852; U.S. Patent Nos. 

5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; and 5,661,016; Marks et al., 

Bio/Technology, 10: 779-783 (1992); Lonberg et al., Nature, 368: 856-859 (1994); Morrison, 

Nature, 368: 812-813 (1994); Fishwild et al., Nature Biotechnology, 14: 845-851 (1996); 

30 Neuberger, Nature Biotechnology, 14: 826 (1996); and Lonberg and Huszar, Intern. Rev. 

Immunol., 13: 65-93 (1995)). 

The monoclonal antibodies herein specifically include "chimeric" antibodies in which 

a portion of the heavy and/or light chain is identical with or homologous to corresponding 
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sequences in antibodies derived from a particular species or belonging to a particular 

antibody class or subclass, while the remainder of the chain(s) is identical with or 

homologous to corresponding sequences in antibodies derived from another species or 

belonging to another antibody class or subclass, as well as fragments of such antibodies, so 

5 long as they exhibit the desired biological activity (U.S. Patent No. 4,816,567; and Morrison 

et al., Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)). Chimeric antibodies of interest 

herein include "primatized" antibodies comprising variable domain antigen-binding 

sequences derived from a non-human primate (e.g. Old World Monkey, Ape etc) and human 

constant region sequences, as well as "humanized" antibodies. 

10 "Humanized" forms of non-human (e.g., rodent) antibodies are chimeric antibodies 

that contain minimal sequence derived from non-human immunoglobulin. For the most part, 

humanized antibodies are human immunoglobulins (recipient antibody) in which residues 

from a hypervariable region of the recipient are replaced by residues from a hypervariable 

region of a non-human species ( donor antibody) such as mouse, rat, rabbit or nonhuman 

15 primate having the desired specificity, affinity, and capacity. In some instances, framework 

region (FR) residues of the human immunoglobulin are replaced by corresponding non

human residues. Furthermore, humanized antibodies may comprise residues that are not 

found in the recipient antibody or in the donor antibody. These modifications are made to 

further refine antibody performance. In general, the humanized antibody will comprise 

20 substantially all of at least one, and typically two, variable domains, in which all or 

substantially all of the hypervariable loops correspond to those of a non-human 

immunoglobulin and all or substantially all of the FRs are those of a human immunoglobulin 

sequence. The humanized antibody optionally also will comprise at least a portion of an 

immunoglobulin constant region (F c ), typically that of a human immunoglobulin. For further 

25 details, see Jones et al., Nature 321:522-525 (1986); Riechmann et al., Nature 332:323-329 

(1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992). 

"Antibody fragments" comprise a portion of an intact antibody, preferably comprising 

the antigen binding region thereof ("an antigen-binding fragment"). Examples of antibody 

fragments include Fab, Fab', F(ab'h, and Fv fragments; diabodies; linear antibodies; single-

30 chain antibody molecules; and multispecific antibodies formed from antibody fragment(s ). 

Papain digestion of antibodies produces two identical antigen-binding fragments, 

called "Fab" fragments, each with a single antigen-binding site, and a residual "Fe" fragment, 
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whose name reflects its ability to c1ystallize readily. Pepsin treatment yields an F( ab ')2 

fragment that has two antigen-binding sites and is still capable of cross-linking antigen. 

"Fv" is the minimum antibody fragment which contains a complete antigen

recognition and antigen-binding site. This region consists of a dimer of one heavy chain and 

5 one light chain variable domain in tight, non-covalent association. It is in this configuration 

that the three hypervariable regions of each variable domain interact to define an antigen

binding site on the surface of the VwVL dimer. Collectively, the six hypervariable regions 

confer antigen-binding specificity to the antibody. However, even a single variable domain 

( or half of an Fv comprising only three hypervariable regions specific for an antigen) has the 

1 o ability to recognize and bind antigen, although at a lower affinity than the entire binding site. 

The Fab fragment also contains the constant domain of the light chain and the first 

constant domain (CHI) of the heavy chain. Fab' fragments differ from Fab fragments by the 

addition of a few residues at the carboxy terminus of the heavy chain CHI domain including 

one or more cysteines from the antibody hinge region. Fab' -SH is the designation herein for 

15 Fab' in which the cysteine residue(s) of the constant domains bear at least one free thiol 

group. F(ab')2 antibody fragments originally were produced as pairs of Fab' fragments 

which have hinge cysteines between them. Other chemical couplings of antibody fragments 

are also known. 

In some embodiments, particular antibodies or molecules are used in the methods of 

20 the invention. For example, exemplary antibodies include HER2 antibodies including 

trastuzumab (HERCEPTIN@) (Carter et al., Proc. Natl. Acad. Sci. USA, 89:4285-4289 

(1992), U.S. Patent No. 5,725,856) and pertuzumab (OMNITARG™) (WO0I/00245); CD20 

antibodies (see below); IL-8 antibodies (St John et al., Chest, 103:932 (1993), and 

International Publication No. WO 95/23865); VEGF or VEGF receptor antibodies including 

25 humanized and/or affinity matured VEGF antibodies such as the humanized VEGF antibody 

huA4.6.1 bevacizumab (AV ASTIN@) and ranibizumab (LUCENTIS@) (Kim et al., Growth 

Factors, 7:53-64 (1992), International Publication Nos. WO 96/30046 and WO 98/45331); 

PSCA antibodies (WO0I/40309); CD40 antibodies, including S2C6 and humanized variants 

thereof (WO00/7 5 348) and TNX 100 ( Chiron/Tanox ); CD 11 a antibodies including 

30 efalizumab (RAPTIVA@) (US Patent No. 5,622,700, WO 98/23761, Steppe et al., Transplant 

Intl. 4:3-7 (1991), and Hourmant et al., Transplantation 58:377-380 (1994)); antibodies that 

bind IgE including omalizumab (XOLAIR@) (Presta et al., J. Immunol. 151:2623-2632 
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(1993), and International Publication Nos. WO 93/04173, WO 95/19181, and WO 99/01556; 

US Patent Nos. 5,091,313 and 5,714,338); CD18 antibodies (US Patent No. 5,622,700, or as 

in WO 97/26912); Apo-2 receptor antibody antibodies (WO 98/51793); TNF-a antibodies 

including cA2 or infliximab (REMICADE®), CDP571, MAK-195, adalimumab 

5 (HUMIRA TM), CDP-870 (Celltech), anti-TNF-a polyclonal antibody (e.g. PASSTNF-aTM; 

Verigen); Tissue Factor (TF) antibodies (European Patent No. 0 420 937 Bl); a4-a7 integrin 

antibodies (WO 98/06248); EGFR antibodies (chimerized or humanized 225 antibody, 

cetuximab (ERBUTIX®; Im Clone; WO 96/40210) or panitumumab (VECTIBIX™; 

Amgen)); CD3 antibodies such as OKT3 (US Patent No. 4,515,893); CD25 or Tac antibodies 

10 such as CHI-621 (SIMULECT®) and ZENAPAX® (US Patent No. 5,693,762); CD4 

antibodies such as the cM-7412 antibody (Choy et al., Arthritis Rheum 39(1):52-56 (1996)); 

CD52 antibodies such as CAMPATH-lH (ILEX;Berlex) (Riechmann et al., Nature 332:323-

337 (1988)); Fe receptor antibodies such as the M22 antibody directed against F9RI as in 

Graziano et al., J. Immunol. 155(10):4996-5002 (1995); an alpha 4 integrin antibody such as 

15 natalizumab (ANTEGREN®) available from Biogen Idec/Elan; carcinoembryonic antigen 

(CEA) antibodies such as hMN-14 (Sharkey et al., Cancer Res. 55(23Suppl): 5935s-5945s 

(1995); antibodies directed against breast epithelial cells including huBrE-3, hu-Mc 3 and 

CHL6 (Ceriani et al., Cancer Res. 55(23): 5852s-5856s (1995); and Richman et al., Cancer 

Res. 55(23 Supp): 5916s-5920s ( 1995)); antibodies that bind to colon carcinoma cells such as 

20 C242 (Litton et al., Eur. J. Immunol. 26(1):1-9 (1996)); CD38 antibodies, e.g. AT 13/5 (Ellis 

et al., J. Immunol. 155(2):925-937 (1995)); CD33 antibodies such as Hu M195 (Jurcic et al., 

Cancer Res 55(23 Suppl):5908s-5910s (1995) and CMA-676 or CDP771; CD22 antibodies 

such as LL2 or epratuzumab (L YMPHOCIDE®; Immunomedics ), including epratuzumab Y-

90 (Juweid et al., Cancer Res 55(23 Suppl):5899s-5907s (1995)), CD22 antibody (Abiogen, 

25 Italy), CMC 544 (Wyeth/Celltech), combotox (UT Southwestern), BL22 (NIH), and 

LympoScan Tc99 (Immunomedics); EpCAM antibodies such as 17-lA (PANOREX®); 

GpIIb/IIIa antibodies such as abciximab or c7E3 Fab (REOPRO®); RSV antibodies such as 

MEDI-493 (SYNAGIS®); CMV antibodies such as PROTOVIR®; HIV antibodies such as 

PRO542; hepatitis antibodies such as the Hep B antibody OST A VIR®; CA 125 antibody 

30 OvaRex; idiotypic GD3 epitope antibody BEC2; y3 antibody (e.g. VITAXINtID; 

Medimmune ); human renal cell carcinoma antibody such as ch-G25 O; IN G-1; anti-human 17-

lA antibody (3622W94); anti-human colorectal tumor antibody (A33); anti-human 

melanoma antibody R24 directed against GD3 ganglioside; anti-human squamous-cell 
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carcinoma (SF-25); human leukocyte antigen (HLA) antibody such as Smart IDl0 and the 

anti-HLA DR antibody Oncolym (Lym-1); CD37 antibody such as TRU 016 (Trubion); IL-

21 antibody (Zymogenetics/Novo Nordisk); anti-B cell antibody (Impheron); B cell targeting 

MAb (Immunogen/ Aventis); 1D09C3 (Morphosys/GPC); LymphoRad 131 (HGS); Lym-1 

5 antibody Y-90 (USC); LIF 226 (Enhanced Lifesci.); BAFF antibody (e.g., WO 03/33658); 

BAFF receptor antibody (e.g., WO 02/24909); BR3 antibody; Blys antibody such as 

belimumab; LYMPHOSTAT -B™; anti-Lym-I Oncolym (USC/Peregrine); ISF 154 

(UCSD/Roche/Tragen); gomilixima (Idec 152; Biogen Idec); IL-6 receptor antibody such as 

atlizumab (ACTEMRA ™; Chugai/Roche); IL-15 antibody such as HuMax-11-15 

10 (Genmab/Amgen); chemokine receptor antibody, such as a CCR2 antibody (e.g. MLN1202; 

Millennium); anti-complement antibody, such as C5 antibody (e.g. eculizumab, 5Gl.1; 

Alexion); oral formulation of human immunoglobulin (e.g. IgPO; Protein Therapeutics); IL-

12 antibody such as ABT-874 (CAT/Abbott); and Teneliximab (BMS-224818). In some 

embodiments, the antibody herein is ranibizumab. 

15 Examples of CD20 antibodies include: "C2B8," which is now called "rituximab" 

("RITUXAN®") (US Patent No. 5,736,137); the yttrium-[90]-labelled 2B8 murine antibody 

designated "Y2B8" or "Ibritumomab Tiuxetan" (ZEVALINtID) commercially available from 

IDEC Pharmaceuticals, Inc. (US Patent No. 5,736,137; 2B8 deposited with ATCC under 

accession no. HBl 1388 on June 22, 1993); murine IgG2a "Bl," also called "Tositumomab," 

20 optionally labelled with 131 1 to generate the " 1311-Bl" or "iodine 1131 tositumomab" antibody 

(BEXXARTM) commercially available from Corixa (see, also, US Patent No. 5,595,721); 

murine monoclonal antibody "1F5" (Press et al., Blood 69(2):584-591 (1987) and variants 

thereof including "framework patched" or humanized 1F5 (WO 2003/002607, Leung, S.; 

ATCC deposit HB-96450); murine 2H7 and chimeric 2H7 antibody (US Patent No. 

25 5,677,180); humanized 2H7 (WO 2004/056312, Lowman et al., and as set forth below); 2F2 

(HuMax-CD20), a fully human, high-affinity antibody targeted at the CD20 molecule in the 

cell membrane ofB-cells (Genmab, Denmark; see, for example, Glennie and van de Winkel, 

Drug Discovery Today 8: 503-510 (2003) and Cragg et al., Blood 101: 1045-1052 (2003); 

WO 2004/035607; US2004/0167319); the human monoclonal antibodies set forth in WO 

30 2004/035607 and US2004/0167319 (Teeling et al.); the antibodies having complex N

glycoside-linked sugar chains bound to the Fe region described in US 2004/0093621 (Shitara 

et al.); monoclonal antibodies and antigen-binding fragments binding to CD20 (WO 

2005/000901, Tedder et al.) such as HB20-3, HB20-4, HB20-25, and MB20-1 l; CD20 
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binding molecules such as the AME series of antibodies, e.g., AME 33 antibodies as set forth 

in WO 2004/103404 and US2005/0025764 (Watkins et al., Eli Lilly/Applied Molecular 

Evolution, AME); CD20 binding molecules such as those described in US 2005/0025764 

(Watkins et al.); A20 antibody or variants thereof such as chimeric or humanized A20 

5 antibody (cA20, hA20, respectively) or IMMU-106 (US 2003/0219433, Immunomedics); 

CD20-binding antibodies, including epitope-depleted Leu-16, 1H4, or 2B8, optionally 

conjugated with IL-2, as in US 2005/0069545Al and WO 2005/16969 (Carr et al.); bispecific 

antibody that binds CD22 and CD20, for example, hLL2xhA20 (WO2005/14618, Chang et 

al.); monoclonal antibodies L27, G28-2, 93-1B3, B-Cl or NU-B2 available from the 

10 International Leukocyte Typing Workshop (Valentine et al., In: Leukocyte Typing III 

(McMichael, Ed., p. 440, Oxford University Press (1987)); 1H4 (Haisma et al., Blood 92:184 

(1998)); anti-CD20 auristatin E conjugate (Seattle Genetics); anti-CD20-IL2 

(EMD/Biovation/City of Hope); anti-CD20 MAb therapy (EpiCyte); anti-CD20 antibody 

TRU 015 (Trubion). The preferred CD20 antibodies herein are chimeric, humanized, or 

15 human CD20 antibodies, more preferably rituximab, humanized 2H7, 2F2 (Hu-Max-CD20) 

human CD20 antibody (Genmab), and humanized A20 antibody (Immunomedics). 

In some embodiments, a "hormone" is used in the methods of the invention. This 

generally refers to polypeptide hormones, which are generally secreted by glandular organs 

with ducts. Included among the hormones are, for example, grmvth hormone such as human 

20 growth hormone, N-methionyl human growth hormone, and bovine growth hormone; 

parathyroid hormone; thyroxine; insulin; proinsulin; relaxin; estradiol; hormone-replacement 

therapy; androgens such as calusterone, dromostanolone propionate, epitiostanol, 

mepitiostane, or testolactone; prorelaxin; glycoprotein hormones such as follicle stimulating 

hormone (FSH), thyroid stimulating hormone (TSH), and luteinizing hormone (LH); 

25 prolactin, placental lactogen, mouse gonadotropin-associated peptide, gonadotropin-releasing 

hormone; inhibin; activin; mullerian-inhibiting substance; and thrombopoietin. As used 

herein, the term hormone includes proteins from natural sources or from recombinant cell 

culture and biologically active equivalents of the native-sequence hormone, including 

synthetically produced small-molecule entities and pharmaceutically acceptable derivatives 

30 and salts thereof. 

In some embodiments, a "growth factor" is used in the methods of the invention. This 

generally refers to proteins that promote growth, and include, for example, hepatic growth 

factor; fibroblast growth factor; vascular endothelial growth factor; nerve growth factors such 
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as NGF-~; platelet-derived growth factor; transforming growth factors (TGFs) such as TGF-a 

and TGF-~; insulin-like growth factor-I and -II; erythropoietin (EPO); osteoinductive factors; 

interferons such as interferon-a,-~, and -y; and colony stimulating factors (CSFs) such as 

macrophage-CSP (M-CSF); granulocyte-macrophage-CSF (GM-CSF); and granulocyte-CSF 

5 (G-CSF). As used herein, the term growth factor includes proteins from natural sources or 

from recombinant cell culture and biologically active equivalents of the native-sequence 

growth factor, including synthetically produced small-molecule entities and pharmaceutically 

acceptable derivatives and salts thereof. 

In some embodiments, non-polypeptide compounds are used in the methods of the 

10 invention. These include, e.g., pegaptanib (MACUGEN@; Eyetech Phaimaceuticals), 

steroids, and compounds used for RNA-interference mediated therapy. 

As used herein, a "pharmaceutical composition" is a solution comprising a compound 

which is suitable for administration to a subject. Pharmaceutical compositions according to 

the invention may be obtained by mixing the compound with optional physiologically 

15 acceptable carriers, excipients or stabilizers (Remington's Pharmaceutical Sciences 16th 

edition, Osol, A. Ed. (1980)), in the form of aqueous solutions, lyophilized or other dried 

fommlations. Acceptable carriers, excipients, or stabilizers are nontoxic to subjects at the 

dosages and concentrations employed, and may include buffers such as phosphate, citrate, 

and other organic acids; antioxidants including ascorbic acid and methionine; preservatives 

20 (such as octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; 

benzalkonium chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl 

parabens such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; 

and m-cresol); low molecular weight (less than about 10 residues) polypeptides; proteins, 

such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as 

25 polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, histidine, arginine, 

or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose, 

mannose, or dextrins; chelating agents such as EDT A; sugars such as sucrose, mannitol, 

trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g., Zn

protein complexes); and/or non-ionic surfactants such as TWEEN™, PLURONICS™, 

30 polyethylene glycol (PEG), or a polysorbate ( e.g. polysorbate 20). In some embodiments, the 

pharmaceutical composition is designed for intraocular injection. 

The formulation herein may also contain more than one active compound as necessary 

for the particular indication being treated, preferably those with complementary activities that 
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do not adversely affect each other. Such molecules are suitably present in combination in 

amounts that are effective for the purpose intended. 

The active ingredients may also be entrapped in microcapsule prepared, for example, 

by coacervation techniques or by interfacial polymerization, for example, 

5 hydroxymethylcellulose or gelatin-microcapsule and poly-(methylmethacylate) microcapsule, 

respectively, in colloidal drug delivery systems (for example, liposomes, albumin 

microspheres, microemulsions, nano-particles and nanocapsules) or in macroemulsions. 

10 

Such techniques are disclosed in Remington's Phannaceutical Sciences 16th edition, Osol, A. 

Ed. (1980). 

Generally, the formulations placed inside the object are also sterile. This is readily 

accomplished, e.g. by filtration through sterile filtration membranes. 

Sustained-release preparations may be prepared. Suitable examples of sustained

release preparations include semipermeable matrices of solid hydrophobic polymers 

containing the fusion polypeptide, which matrices are in the form of shaped articles, e.g., 

15 films, or microcapsule. Examples of sustained-release matrices include polyesters, hydrogels 

(for example, poly(2-hydroxyethyl-methac1ylate), or poly(vinylalcohol)), polylactides (U.S. 

Pat. No. 3,773,919), copolymers of L-glutamic acid and y ethyl-L-glutamate, non-degradable 

ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the LUPRON 

DEPOT™ (injectable microspheres composed of lactic acid-glycolic acid copolymer and 

20 leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene

vinyl acetate and lactic acid-glycolic acid enable release of molecules for over 100 days, 

certain hydrogels release proteins for shorter time periods. When encapsulated antibodies 

remain in the body for a long time, they may denature or aggregate as a result of exposure to 

moisture at 37°C, resulting in a loss of biological activity and possible changes in 

25 immunogenicity. Rational strategies can be devised for stabilization depending on the 

mechanism involved. For example, if the aggregation mechanism is discovered to be 

intermolecular S-S bond formation through thio-disulfide interchange, stabilization may be 

achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions, controlling 

moisture content, using appropriate additives, and developing specific polymer matrix 

30 compositions. 

The methods of the invention are typically used to sterilize objects containing 

pharmaceutical formulations. For example, the methods of the invention may be used with 

syringes, vials or cartridges (such as are used in devices designed for multiple injections). In 
12 
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addition, the method of the invention may be used with a syringe with or without a needle. In 

the latter case, some sort of cap or needle shield is generally positioned where the needle will 

subsequently be attached. 

The following example is intended merely to illustrate the practice of the present 

5 invention and is not provided by way of limitation. The disclosures of all patent and 

scientific literatures cited herein are expressly incorporated in their entirety by reference. 

EXAMPLE 

10 Identification of EtO sterilization conditions for surface sterilization of objects 

containing ethylene-oxide-sensitive, temperature-sensitive compounds. 

We performed experiments to identify whether there were parameters for EtO 

sterilization that would effectively sterilize the surface of an object but which do not damage 

an ethylene-oxide-sensitive, temperature-sensitive compound contained inside. We 

15 performed EtO sterilization runs on syringes containing a ranibizumab solution (at a protein 

concentration indicated in Table 2 in a solution with 10 mM histidine HCl, 10% a, a -

trehalose dehydrate, 0.01% polysorbate 20, pH 5.5) where each run had the following 

standard EtO sterilization steps: (1) set temperature; (2) evacuate chamber to about 5.0" 

HgA; (3) leak test; (4) wash twice with nitrogen; (5) humidify chamber and incubate about 30 

20 min; (6) inject EtO gas and incubate for dwell time; (7) evacuate chamber to about 5.0" HgA; 

and (8) wash four times with nitrogen ( each wash cycle is about 15-20 min). In addition to 

the syringe, each run also included a paper strip with approximately 1.9 x 106 Bacillus 

subtilis spores, which was used to monitor the sterilization as follows: the strip was soaked 

in media, vortexed vigorously and then serial dilutions were plated and grown for one week. 

25 We then varied the following sterilization-critical factors as indicated in Table 1: 

temperature, relative humidity, time of exposure (gas dwell), and EtO concentration. 

Table 1. Test runs for EtO Sterilization 

Parameters Run 1 Run2 Run3 Run4 Run5 Run6 Run 7 Run8 Run9 Run 10 

Temp ("C) 37 37 40 37 17 30 30 30 30 30 _) I 

Gas chvcll l 2 l 2 2 2 2 6 6 2 
(h) 
EtO (mg/1) 600 600 600 600 400 600 400 600 600 600 

Relative 50'% 50')1,, 50'% 50';;, 50')!,, 50')~, 50';;, 50';';, 50'}';, 50% 
humidity 
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Sterility 3.2 5.5 4.2 >6 6.3 3.4 2.1 NT NT 5.2 
(log (not 
reduction) tested) 

After each run, the ranibizumab in the syringe was tested in a variety of ways to 

measure its activity. First, the physical integrity of the molecule was analyzed by size

exclusion chromatography (SEC), ion-exchange chromatography (IEC), reverse-phase high-

5 performance liquid chromatography (rp-HPLC) and capillary electrophoresis-SDS (CE-SDS). 

As shown below in Table 2, the ranibizumab in the syringe remained largely intact following 

each of the runs. 

In addition, we tested the functionality of the ranibizumab in the treated syringes for 

function by testing both its ability to bind VEGF by ELISA and its ability to antagonize 

10 VEGF induction of human umbilical vein endothelial cell (HUVEC) growth. As shown in 

Table 2, in all runs tested ranibizumab retained both its ability to bind to VEGF and its ability 

to antagonize VEGF-mediated induction ofHUVEC cell growth. 

Table 2. Protein is intact and active after EtO sterilization. 

Protein pH SEC% IEC¾ rp-HPLC CE-SDS ELISA HUVEC 
cone. monomer main %main %main % % 
(mg/ml) peak peak peak activity potency 

Control 5.9 5.4 99.8 97.7 98.5 96.4 101 97 

Run 1 5.9 5.5 99.7 98.1 99.2 95.8 109 91 

Run2 5.9 5.6 99.6 98.1 99.2 95.7 100 91 

Run3 6.1 5.6 99.6 98.2 99.3 95.8 102 93 

Control 9.8 5.6 99.7 98.2 99.3 96.8 100 NT 

Run4 9.9 5.7 99.7 98.6 99.3 96.6 103 NT 

Run5 9.8 5.7 99.7 98.1 99.3 96.6 106 NT 

Run6 9.8 5.7 99.7 98.2 99.3 96.6 109 NT 

Run 7 9.9 5.7 99.6 98.1 99.3 96.4 105 NT 

Control 9.8 5.6 99.7 98.2 99.3 96.8 100 NT 

Run 8 9.8 5.7 99.7 98.2 99.3 96.6 109 NT 

Run 9 l 0.1 5.6 99.6 98.0 99. l 96.4 98 NT 

Run 10 10.0 5.6 99.6 97.9 98.9 96.4 112 NT 
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We next tested additional conditions with different dwell times during the EtO cycle, 

different numbers of washes and different container components. We performed EtO 

sterilization runs on syringes containing a ranibizumab solution (at 10.0 mg/ml in a solution 

with 10 mM histidine HCl, 10% a, a -trehalose dehydrate, 0.01% polysorbate 20, pH 5.6) 

5 where each run had the following standard EtO sterilization steps: ( 1) set temperature to 

30°C; (2) evacuate chamber to about 5.0" HgA; (3) leak test; (4) wash twice with nitrogen; 

(5) humidify chamber and incubate about 30 min; (6) inject EtO gas and incubate for dwell 

time indicated in Table 3; (7) evacuate chamber to about 5.0" HgA; and (8) wash with with 

nitrogen the number of time indicated in Table 3. In addition to the syringe, each run also 

10 included a paper strip with approximately 1.9 x 106 Bacillus subtilis spores, which was used 

to monitor the sterilization as follows: the strip was soaked in media, vortexed vigorously 

and then serial dilutions were plated and grown for one week. We also tested several 

different syringe components: where the stopper on the plunger comprised D777-7 laminated 

with a 125 µm coating of FluroTec® barrier film and where the tip cap comprised either 

15 D777-7 or D21-7H laminated on both the surface in contact with the tip of the syringe and 

the exterior surface with a 125 µm coating of FluroTec® barrier film (all components from 

West Pharmaceutical Services / Daikyo Seiko). We measured the residual EtO in the syringe 

and the stability of ranibizumab by IEC the same day as the treatment and at various monthly 

time points thereafter. For IEC, we measured the percentage of protein in the main peak and 

20 in the acidic and basic peaks, with the protein in the basic peak representative of alkylation 

which may have been caused by the EtO treatment. As shown in Table 3, under all 

conditions tested the percentage of protein in the basic peaks was at most approximately 1 % 

over control. Further, when the FluroTec(B) barrier film was used on the syringe components, 

the percentage of protein in the basic peak was not statistically different from control. 

15 
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Table 3. 

Tip cap Stopper EtO Time Resid. % % % % basic 
cycle (months) EtO acidic main basic minus 

(ppm) peaks peak peaks control 
A As above As above None 0 NT 0.65 97.70 1.66 (control) 

(control) 1 NT 0.59 98.12 1.29 

2 NT 1.22 97.00 1.78 

B As above As above Cycle 10 1 2.4 0.54 98.03 1.43 -0.01 

Table 2 4 9.4 0.64 97.15 2.21 0.79 

6 4.3 0.87 96.87 2.26 0.66 

9 NT 1.09 96.13 2.78 1.00 

C D777-7 + D777-7 + 2h 0 <0.5 0.67 97.57 1.76 0.10 

FluroTec® FluroTec® dwell+ 1 0.46 0.78 97.83 1.39 0.10 

4 2 1.64 1.24 96.96 1.80 0.02 

washes 

D D777-7 + D777-7 + 1.5h 0 <0.5 0.66 97.66 1.69 0.03 

FluroTec® FluroTec® dwell+ 1 0.27 0.57 98.17 1.26 -0.03 

8 2 0.65 1.23 96.98 1.78 0.00 

washes 

E D21-7H+ D777-7 + 2h 0 <0.9 0.67 97.57 1.75 0.09 

FluroTec® FluroTec® dwell+ I 0.36 0.70 97.92 1.38 0.09 

4 2 0.68 1.24 96.95 1.80 0.02 

washes 

F D21-7H+ D777-7 + 1.5h 0 0.9 0.65 97.74 1.61 -0.05 

FluroTec® FluroTec® dwell+ 1 0.32 0.75 98.01 1.24 -0.05 

8 2 0.57 1.25 96.99 1.76 -0.02 

washes 

The above specification, example and data provide a complete description of 

the manufacture and use of the composition of the invention. Since many 

5 embodiments of the invention can be made without departing from the spirit and 

scope of the invention, the invention includes all such embodiments. 

This specification contains numerous citations to literature and patents. Each 

is hereby incorporated by reference for all purpuses, as if fully set forth. 
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WE CLAIM: 

1. A method for sterilizing the surface of an object having an ethylene-oxide(EtO)

impermeable interior space, wherein said interior space contains a compound having 

an activity that is temperature-sensitive and EtO-sensitive, the method comprising 

exposing said object to EtO under conditions such that the surface of said object is 

sterilized and said compound retains at least 50% of said activity. 

2. The method of claim 1, wherein said conditions comprise: 

a) temperature between 25°C and 35°C; 

b) EtO concentration of between 300 mgiL and 800 mg/L; and 

c) relative humidity between 45% and 60%; 

for between 1 and 6 hours. 

3. The method of claim 2, wherein said conditions comprise: 

a) temperature between 27°C and 33°C; 

b) EtO concentration of between 300 mgiL and 600 mg/L; and 

c) relative humidity between 48% and 52%; 

for between 1 and 6 hours. 

4. The method of claim 3, wherein said conditions comprise: 

a) temperature of 30°C; 

b) EtO concentration of 600 mg/L; and 

c) relative humidity of 50%; 

for 2 hours. 

5. The method of claim 4, wherein said conditions comprise: 

a) temperature of 30°C; 

b) EtO concentration of 600 mg/L; and 

c) relative humidity of 50%; 

for 1.5 hours. 
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6. The method of claim 1, wherein said compound retains at least 90% of said 

activity. 

7. The method of claim 1, wherein said compound is a polypeptide. 

8. The method of claim 7, wherein the percent alkylation of said polypeptide is not 

statistically different from a control polypeptide not exposed to EtO. 

9. The method of claim 7 or 8, wherein said polypeptide is an antibody. 

10. The method of claim 9, wherein said antibody is a monoclonal antibody. 

11. The method of claim 9 or 10, wherein said antibody is a chimeric antibody, a 

humanized antibody, or a human antibody. 

12. The method of any one of claims 9 to 11, wherein said antibody is an antigen

binding fragment. 

13. The method of claim 12, wherein said antigen-binding fragment is a Fab 

fragment. 

14. The method of claim 13, wherein said Fab fragment binds to VEGF. 

15. The method of claim 14, wherein said Fab fragment is ranibizumab. 

16. The method of claim 15, wherein said compound is present in an aqueous 

pharmaceutical composition. 

17. The method of claim 16, wherein said pharmaceutical composition comprises at 

least one of the following ingredients: an amino acid, a disaccharide and a non-ionic 

surfactant. 

18. The method of claim 1 7, wherein said pharmaceutical composition comprises an 

amino acid, a disaccharide and a non-ionic surfactant. 

18 

Regeneron Exhibit 1068.164 
Regeneron v. Novartis 

IPR2020-01317



WO 2008/077155 PCT /US2007 /088728 

19. The method of claim 18, wherein said pharmaceutical composition comprises 

histidine, trehalose and polysorbate 20. 

20. The method of claim 1, wherein said object is a syringe. 

21. The method of claim 20, wherein said syringe comprises glass and comprises: 

(a) a stopper comprising D777-7 laminated with FluroTec@; and 

(b) a tip cap comprising (i) D777-7 laminated with FluroTec® or (ii) D21-7H 

laminated with FluroTec@. 

22. The method of claim 1, wherein said object is contained within a package 

comprising an EtO-permeable material. 

23. The method of claim 22, wherein said EtO-permeable material is TYVEK@. 

24. An object produced by the method of any one of claims 1-23. 
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Surface Decontamination of Prefilled Containers 
in Secondary Packaging 

FIELD OF THE INVENTION 

This invention relates to a method and system for terminal sterilization of the 

outer surface and/or surface decontamination of prefilled containers in secondary 

packaging, wherein the prefilled container contains a pharmaceutical or biological drug 

product. 

BACKGROUND 

Prefilled containers are a type of medical device that are filled by the 

manufacturer at the time of assembly and provided to the end user, generally a health

care provider or a patient requiring treatment, in a sterile condition. 

Prefilled containers offer several advantages over traditional packaging of 

therapeutics, including ease of use, reduced risk of contamination, elimination of dosing 

15 errors, increased drug supply and reduced waste. Of the various types of prefilled 

containers, prefilled syringes are the most common and best suited for parenteral 

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 aqueous solutions that in a secondary reaction further 
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may damage the active ingredient. Further, sterilizing doses of gamma rays cause a 

brown discoloration of glass parts of the device, and is prone to damage elastomeric 

materials like plunger stoppers. This destruction of the elastomers leads to increased 

stickiness of the components thus impairing the functionality of the system. Thus 

5 radiation is not an appropriate means for sterilizing prefilled containers, such as 

syringes, containing a biotech drug product. 

Cold sterilization is a term collectively used for sterilization methods carried out at 

temperatures substantially below those of the steam process; attempts have been made 

to use ethylene oxide and hydrogen peroxide vapors as sterilants for this treatment. 

1 0 Treatment with sterilizing gasses, however, bears the risk of insufficient removal of the 

oxidizing gas. Diffusion of gas into the product container affects the stability of the drug 

product through chemical modification by gas vapors, such as alkylation and oxidation. 

Prefilled syringes, although filled under aseptic conditions, are not packed into 

their secondary packaging in an aseptic environment and are therefore likely to be 

15 microbiologically contaminated at their outside. Terminal sterilization of prefilled 

containers in secondary packaging is one way to provide the device to an end user with 

a low bio-burden and low risk of contaminants, for safe application of the product by the 

end user. Moreover there is a strong market need for terminally antimicrobially-treated 

medical devices, such as prefilled syringes used for intravitreal injections. 

20 Due to the sensitive nature of certain drug products, such as proteins, it is not 

possible to perform terminal sterilization and surface decontamination of containers 

filled with such products using current methods, like steam, irradiation or cold 

sterilization. Specifically, high temperatures are known to denature proteins and 

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 
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decontamination method that is not harmful to the drug product will continually increase 

in the near future. Moreover, as regulatory agencies may require higher levels of sterility 

assurance, pharmaceutical and biotech companies will seek alternative procedures to 

approach or meet mandated-microbiological purity levels, without compromising the 

5 safety and efficacy of pharmaceutical preparations. 

SUMMARY 

Described herein is a terminal sterilization and surface decontamination 

treatment of prefilled containers, specifically for sterilization of prefilled containers 

1 0 containing sensitive solutions, such as a drug product or biological therapeutic, within 

secondary packaging. In one embodiment, terminal sterilization is achieved by treating 

prefilled containers within secondary packaging with controllable vaporized-hydrogen 

peroxide (VHP). The principle is the formation a vapor of hydrogen peroxide in 

containment and a subsequent removal or inactivation of vapors in a controlled manner. 

15 Prior to removal or inactivation, VHP condenses on all surfaces, creating a microbicidal 

film that decontaminates the container surface. 

It has been discovered that by varying the parameters of the antimicrobial 

treatment, for example - temperature, humidity, treatment duration, pressure, etc., 

conditions are generated that prevent the leaching of VHP into the syringes. As an 

20 example, the application of a vacuum at the end of the treatment will inverse the 

diffusion direction and reduce, if not stop, leaching of hydrogen peroxide through the 

rubbers. Further, inclusion of a gas plasma treatment after completion of the vaporized 

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. 
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Further described herein is terminal sanitization or sterilization and surface 

decontamination of prefilled containers within secondary packaging by tunable electron 

beam (low-energy beta-ray) irradiation technologies as an alternative to aseptic 

inspection and aseptic secondary packaging operations. 

5 In one embodiment, the use of low penetration depth radiation from a low-energy 

electron beam generator for a new application to sterilize the surface of secondary 

packaged drug product containers avoids aseptic packaging. In another embodiment, 

the penetration depth of electron beam radiation is tunable by adjustment of the 

accelerator voltage of the irradiation generator. 

1 0 Generally, the concepts presented herein are applicable to all drug products 

having requirements or desirability for absence of viable organisms of the drug product 

container surface. The method and system described herein decontaminate or, more 

preferably render sterile an outside surface of primary packaged drug products within a 

secondary pack, thereby improving safety of products for critical administration (e.g. use 

15 in a surgical suite or for intravitreal injections). 

20 

The foregoing summary provides an exemplary overview of some aspects of the 

invention. It is not intended to be extensive, or absolutely require any key/critical 

elements of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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. 

30 

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. 

DETAILED DESCRIPTION 

4 

Regeneron Exhibit 1068.178 
Regeneron v. Novartis 

IPR2020-01317



WO 2011/006877 PCT/EP2010/060011 

The method and system described herein are for the sterilization and surface 

decontamination of prefilled containers containing sensitive solutions, such as drug 

products that are otherwise temperature or radiation sensitive or are sensitive to traces 

of oxidizing substances, and thus not suitable for terminal sterilization by classical 

5 methods involving steam, gamma or beta rays or sterilization with oxidizing gases or 

liquids. The method and system described herein are especially suited for prefilled 

containers that have been filled under aseptic conditions and been subject to additional 

processing, such as product labeling and subsequent secondary packaging. Methods 

include terminal sterilization and surface decontamination by exposing prefilled 

1 0 containers in secondary packaging to tunable-beta radiation and further include terminal 

sterilization and surface decontamination by exposing prefilled containers to controllable 

vaporized-hydrogen peroxide, including measures to reduce or prevent the diffusion of 

vaporized-hydrogen peroxide into prefilled containers. The methods also include an 

optional step of actively destroying any residual peroxide molecules, for example, by 

15 means of gas plasma. 

Definitions 

In describing and claiming the terminal sterilization and surface decontamination 

method, the following terminology will be used in accordance with the definitions set 

20 forth below. 

"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 
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solid or liquid form, and other biological agents, such as peptides, proteins or 

recombinant biologicals, whether in solid or liquid form. Containers may be reusable or 

disposable, and may have a medical, veterinary or non-medical purpose. 

"Prefilled container", refers to a container, such as a syringe, that is filled with a 

5 solution at the time of assembly and packaging and is deliverable for use to an end 

user, such as a health care professional or a patient needing treatment. This term also 

refers to prefilled containers integrated into an administration device. 

An "instruction" or "instructional material" includes a publication, a recording, a 

diagram, or any other medium of expression which can be used to communicate the 

1 0 usefulness of the method or system of the invention for its designated use. The 

instruction or instruction material may be presented together as part of the system or 

provided separately, or independently of the process, to an end user. 

"Isolation", as used herein refers to practices in pharmaceutical production, filling 

and packaging, wherein a clean, or sterile environment, is separated from a non-sterile 

15 environment to limit or prevent the introduction or spread or contamination of infectious 

agents, such as microorganisms. 

"Medical device", as used herein, refers to a device used for administering 

medical treatment and whose production or sale must, in part, comply with 

requirements, such as safety requirements, set forth by a government agency, such as 

20 the Food and Drug Administration. 

"Solution" as used herein refers to the contents of a container like a vial or a 

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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secondarily packaged prefilled container to be provided in sterile outside condition at its 

point of use. 

"Vaporized-hydrogen peroxide" refers to hydrogen peroxide in vapor form 

capable of creating a microbicidal film on a surface, such as the surface of a container 

5 or packaging material. 

The terms "sterilization", "decontamination", "sanitization", "antimicrobial 

treatment" are used interchangeably herein. 

"Sterility" as used herein is meant to refer to complete absence of microbial life 

as defined by a probability of nonsterility or a sterility assurance level (SAL). The 

1 0 required SAL for a given product is based on regulatory requirements. For example, 

required SALs for health care products are defined to be at least 10-6
, i.e. a chance of 

less than 1 :1 million of a non-sterile product for aseptically manufactured and terminally 

sterilized products, respectively. 

Reference herein to "one embodiment" or "an embodiment" means that a 

15 particular feature, structure, operation or characteristic described in connection with the 

embodiment is included in at least one embodiment of the invention. Thus, the 

appearances of such phrases or formulations herein are not necessarily referring to the 

same embodiment. Furthermore, various particular features, structures, operations or 

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 
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processes, such as steam, gamma irradiation or cold sterilization processes currently 

used in pharmaceutical production and assembly lines. While reference is given to drug 

products, such as heat or radiation-sensitive drug solutions containing biologicals such 

as peptides or proteins, it will be understood by those skilled in the art that any suitable 

5 drug product that is considered a therapeutic agent, whether in solution or solid form, 

can be housed - or contained - in a prefilled container. Thus, the prefilled container 

itself is not drug specific. 

It has now been discovered that treatment of prefilled containers in secondary 

packaging by an application of vaporized-hydrogen peroxide, in which vapors are 

1 0 controllable by certain post-treatment measures, and exposure to tunable-beta 

radiation, in which the depth of penetration of beta rays into secondary packaging are 

controllable, are ideal for surface decontamination of prefilled containers, yet not 

harmful to the stability or integrity of the contents of the prefilled container. 

The methods and embodiments described herein are suitable for use in 

15 pharmaceutical production and packaging in isolation or outside of isolation. 

Furthermore, the methods described herein are adaptable to different container formats 

or types, with minimal incremental costs to 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. 
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In one embodiment, the prefilled container is a syringe. Other suitable prefilled 

containers include vials, bottles, bags and other medical devices capable of containing 

a sterile solution or a solution requiring sterilization. 

In one embodiment, the syringe is filled with a drug product, such as in the form 

5 of liquid, solution, powder or solid. In another embodiment the drug product is a solution 

such as a drug solution or protein solution that is otherwise sensitive to exposure to high 

temperatures, such as those used in steam sterilization, and ionizing energy, such as 

gamma or beta rays and oxidizing gasses. In yet another embodiment the drug product 

is one that has been lyophilized, in other words a solid, and requires reconstitution in 

1 O liquid or solution prior to use. 

15 

In another embodiment, a solution is any drug product having requirements or 

desirability for sterility of the drug product container surface. In one particular 

embodiment, the drug product is a protein solution, such as ranibizumab (e.g. 6mg/ml or 

10 mg/ml) solution for intravitreal injection. 

In one embodiment, the container is filled with solution under aseptic conditions, 

whether by an automated or manual process. Thus, the contents of the container are 

sterile and unaffected by surface decontamination methods as described herein. The 

term "filled" is meant to refer to the placement of contents, such as solution, into the 

container in an appropriate amount, such as an appropriate volume or appropriate 

20 concentration. The appropriate amount, volume or concentration will vary depending on 

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 
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methods described herein can be presented to, and opened within, a critical or sterile 

environment, such as a surgical suite. 

In one embodiment, terminal sterilization and surface decontamination of prefilled 

containers within secondary packaging is carried out by treating surfaces of the prefilled 

5 container within secondary packaging with vaporized-hydrogen peroxide and applying 

post-treatment measures, within a decontamination chamber. A suitable 

decontamination chamber is any chamber, such as an autoclave, that has the means 

for reversibly sealing a closed environment and equipped with means of manipulating 

pressure, temperature, inflow and outflow of air within the chamber. Additional elements 

1 O of a suitable chamber include the means for accommodating treatment by vaporized

hydrogen peroxide and post-treatment measures to reduce or prevent vaporized

hydrogen peroxide from entering into prefilled containers. 

In another embodiment, the chamber is configured to accommodate the quantity 

of containers requiring terminal sterilization. Thus, in large-scale production and 

15 assembly lines, the chamber can be configured to accommodate a large quantity of 

containers, accordingly. 

Treatment with vaporized-hydrogen peroxide is brought about by the application 

or release of hydrogen-peroxide-vapors within the decontamination chamber. In one 

embodiment, vapors of hydrogen peroxide are controllable, in other words, certain post-

20 treatment measures are applied to manipulate or control the action of vaporized

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 
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packaging is decontaminated by an adjustment of accelerator voltage of an irradiation 

generator to provide beta radiation of a sufficient dose to penetrate secondary 

packaging without penetrating primary packaging. 

In another embodiment, the accelerator voltage required to deliver the 

5 appropriate amount of beta radiation to decontaminate the surface of prefilled 

containers depends on the thickness of secondary packaging materials. For example, in 

one embodiment, suitable packaging materials are less than or equal to 0.05 mm in 

thickness. Such materials of less than or equal to 0.05 mm in thickness may be made of 

foils. 

10 In another embodiment a combination of secondary and primary packaging 

components, accelerator voltage, irradiation plant design and throughput speed allow 

surface decontamination of a prefilled container in secondary packaging, while almost 

completely shielding contents of the prefilled container by primary packaging materials. 

In one embodiment, a suitable primary packaging is a syringe capable of 

15 shielding irradiation sensitive solution contained within. Shielding can be provided by 

the thickness of the container walls or the material components of the container. 

Shielding effectiveness can be determined by adjustment of the accelerator voltage and 

thus the depth of penetration of the beta rays emitted onto the prefilled container. 

Furthermore, shielding is determined by measuring the absorbed dosage, such as with 

20 a dosimeter. 

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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container in secondary packaging is introduced, either by a manual process or 

automated process, or a combination of the two, into the electron beam tunnel via an 

inlet and transported for all or a portion of time through the e-beam tunnel to an outlet 

as the surfaces of prefilled containers in secondary packaging are exposed to low-

5 energy beta radiation. In another embodiment, prefilled containers in secondary 

packaging remain stationary for all or a portion of time as the surfaces of prefilled 

containers in secondary packaging are exposed to low-energy beta radiation. 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 

1 0 another embodiment, the object is passed below the scanning electron beams by 

means of a transport mechanism like a moving conveyor. In another embodiment, the 

chamber for electron beam treatment is open, but shielded to the environment by a 

tortuous path of the objects into and out of the chamber. 

15 Terminal Sterilization of Prefilled Container by Vaporized-hydrogen peroxide (VHP) 

In one embodiment, terminal sterilization of prefilled containers in secondary 

packaging is carried out by antimicrobial treatment in a chamber with vaporized

hydrogen peroxide, also referred to as "cold sterilization". 

The various steps, or operations, involved in the sterilization and surface 

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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A suitable decontamination chamber is any chamber, such as an autoclave, 

equipped with means for reversibly sealing a closed environment, and equipped with 

means of manipulating pressure, temperature, inflow and outflow of air within the 

chamber. Additional elements of a suitable chamber include means for accommodating 

5 treatment by VHP and post-treatment measures to reduce or prevent VHP from entering 

into prefilled containers. A further element of a suitable chamber is means to destroy 

any remaining peroxide traces. 

In one embodiment, hydrogen peroxide vapor is introduced into the chamber, 

either generated within or released within the chamber for a sufficient time to 

1 0 decontaminate -or treat - the surface of prefilled containers in secondary packaging. 

In another embodiment, application of vaporized-hydrogen peroxide is carried out at 

temperatures below those used for steam sterilization. 

Hydrogen peroxide in liquid form has long been recognized as a disinfectant. 

Koubek U.S. Patent No. 4,512,951 describes a method of sterilization with liquid 

15 hydrogen peroxide which includes vaporizing an aqueous solution of hydrogen peroxide 

and passing the resulting hydrogen peroxide-water vapor mixture into an evacuated 

sterilization chamber where, upon contact with items to be sterilized, the vapor 

condenses to form a layer of liquid hydrogen peroxide on the items. The items to be 

sterilized are maintained at a temperature below the dew point of the hydrogen 

20 peroxide-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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molecular integrity of the solutions because hydrogen peroxide vapors that enter the 

container cause chemical modifications of the solution, such as oxidation. 

It has now been discovered that applying post-treatment, or post-application, 

measures reduces or prevents the adverse effects of VHP on sensitive solutions and 

5 preserve the integrity, and thereby therapeutic efficacy, of otherwise sensitive solutions 

in prefilled containers. Post-application measures are ideally those measures that 

deactivate the oxidizing action of hydrogen peroxide, whether by removing vaporized

hydrogen peroxide or rendering hydrogen peroxide vapors into an inactive state. 

In one embodiment, leaching of VHP into a prefilled container is prevented by 

1 O application of a vacuum at the end of the antimicrobial treatment in the chamber to 

inverse the diffusion direction of hydrogen peroxide vapors. By reversing the direction of 

vapor flow, hydrogen peroxide vapors are prevented from entering the prefilled 

container, thereby maintaining the integrity of the sensitive solution within the container 

while the surface of the container is decontaminated. 

15 In yet another embodiment, hydrogen peroxide vapors are inactivated, such that 

they are incapable of chemically modifying the solution contained in a prefilled 

container. In another embodiment, post-treatment measures include neutralizing the 

oxidative ability of hydrogen peroxide vapors. In yet another embodiment, hydrogen 

peroxide vapors are inactivated by application of ultraviolet rays to the container after a 

20 sufficient exposure time of prefilled container to VHP following treatment. Other suitable 

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. 

14 

Regeneron Exhibit 1068.188 
Regeneron v. Novartis 

IPR2020-01317



WO 2011/006877 PCT/EP2010/060011 

In one embodiment, the sealed chamber 202 may be any suitable 

decontamination chamber. For instance, the chamber 202 may include an autoclave, 

with the ability to reversibly seal a closed environment. The chamber 202 may also be 

equipped with mechanisms to manipulate pressure, temperature, and inflow and outflow 

5 of air within the chamber 202. 

Control unit 204 provides instructions, in the form of signals, to chamber 202 to 

perform operations associated with sterilizing a prefilled container 100 (such as shown 

in Fig. 1) in a prescribed-automatic manner. Control unit 204 may transmit signals to 

chamber 202 to direct chamber 202 (or related parts) to physically enable a vaporized-

IO hydrogen peroxide to come into contact the surface of the prefilled container in the 

secondary packaging. 

For example, in one embodiment, the control unit 204 may transmit a signal to a 

valve (not shown) associated with a reservoir for passing vaporized-hydrogen peroxide 

into the chamber. The control unit 204 measures a preset duration-of-time the 

15 vaporized-hydrogen peroxide is to remain in contact with the prefilled-container surface. 

Upon expiration of the preset duration-of-time, the control unit 204 transmits a signal to 

chamber 202 (or a related device) to cause a post-decontamination measure to occur to 

reduce the presence of vaporized-hydrogen peroxide in the chamber, thereby 

preventing vaporized-hydrogen peroxide from diffusing into the prefilled container 

20 undergoing surface decontamination. 

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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decontaminate the container surface is determined by routine validation. For example, 

containers that have been subjected to treatment by vaporized-hydrogen peroxide are 

compared to controls and can be checked for bacterial contamination using standard 

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 

1 O 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 

5 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 

1 0 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. 

15 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 

20 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. 

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

30 

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 

5 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. 

10 

15 

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. 

20 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 

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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secondary packaging offers numerous advantages over sterilization methods involving 

gamma radiation, which are harmful to container contents, require significantly longer 

exposure times for decontamination, and require additional shielding along the 

production line, and cause discoloration of packaging components, Moreover, 

5 sterilization techniques involving gamma radiation cause significant bottlenecks in 

production assembly lines which are eliminated by surface decontamination using 

tunable-beta radiation in an e-beam tunnel. 

In one embodiment, as depicted in Fig. 3, a system 300 - for surface

decontaminating a prefilled container in secondary packaging - includes an electron-

IO beam tunnel 302 equipped with one or more tunable-electron beam generators, shown 

as voltage generators 304. In another embodiment, the one or more tunable-electron

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. 

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 µm 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. 

25 

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). 

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 

20 

Regeneron Exhibit 1068.194 
Regeneron v. Novartis 

IPR2020-01317



WO 2011/006877 PCT/EP2010/060011 

9823.05 CSi 98 2 100 

2 x treatment 

9823.07 98 2 100 

9823.08 98 2 100 

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 

5 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 H2O2 in solution 

1 O by a fluorescence test using an over-the-counter commercially available kit in 

conjunction with an apparatus with fluorescence detection. 

Example2 

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 µm, 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 

tunnel Dosimeter in 

21 

Absorbed dose 
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Polyethylene bag aluminum bag 1 mm glass slide 

1 pass 30 kGy 1.3 kGy <lOQ(0.1 kGy) 

3 passes 97 kGy 64 kGy <lOQ(0.1 kGy) 

5 passes 207 kGy 105 kGy <lOQ (0.1 kGy) 

The feasibility study showed that already with these not optimized settings of the 

electron beam decontamination tunnel a surface sterilization could be obtained (>= 25 

kGy) when the product was packaged into plastic bags. Even after 5 times passing 

5 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 (1 ml long, ISO) was investigated by measurement of peroxides 

IO 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 1 ml long glass syringe (ISO) [µMal/ml] 

Reference (not treated) 0.04 

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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solution was filtered through a 0.22 µm filter and aseptically filled into pre-sterilized 

glass vials, aseptically closed with a sterile rubber stopper and secured with an 

aluminum crimp cap. 

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 Prefilled Containers 

•i0urll~ir of pciss~s.t~roug~ .. ~-b~~rll. t~nnel .•. \1~·~· (o/o.111ai~· peak)jll=~ •. (°lo. b~sic.p~ak)•i 

t~~f~renc:~.(not.tr~cite~) .......................................... ·198 (97.8) ........................ 11 .. c1 .. ~) ............................ •: 

U.Pcl~S················································································i98(97.8) ........................ :1 .. c1 .. ~) ............................ •: 
l3passes )98 (97.5) j2 (1.5) ! 
.l5passes _______ [98_(97.6) ........................ j1. (1.4) .............................. j 

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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CLAIMS 

We claim: 

5 1. A method for surface decontamination of a prefilled container in secondary 

10 

15 

20 

packaging, comprising: 

applying vaporized-hydrogen peroxide to the surface of the prefilled 

container in secondary packaging; 

allowing vaporized-hydrogen peroxide to remain in contact with the 

prefilled container surface for a sufficient time to decontaminate the prefilled 

container surface; and 

causing a post-decontamination measure to occur to reduce the presence 

of vaporized-hydrogen peroxide, thereby preventing vaporized-hydrogen 

peroxide from diffusing into the prefilled container. 

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. 

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. 

30 

5. The method of any previous claim, wherein the post-decontamination measure 

includes applying a vacuum following the duration of treatment with vaporized

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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6. The method of any of claims 1-4, wherein the post-decontamination measure 

includes applying ultraviolet rays following the duration of treatment with 

vaporized-hydrogen peroxide, thereby inactivating oxidative action of hydrogen 

peroxide vapors. 

7. The method of any of claims 1-4, wherein the post-decontamination measure 

includes gas plasma treatment. 

1 0 8. A method for surface decontamination of a prefilled container in secondary 

15 

20 

packaging, comprising: 

presenting a prefilled container in a secondary package to an electron 

beam tunnel equipped with one or more tunable electron beam generators 

capable of variably generating low-energy beta radiation, and capable of 

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 

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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radiation, sterilization treatment by exposure to steam, and sterilization treatment 

by exposure to vaporizing agents, gases or peroxide forming substances. 

11. The method of any one of claims 8-10, wherein the prefilled container is a 

syringe filled with a solution otherwise sensitive to sterilization treatment by 

gamma radiation, sterilization treatment by exposure to steam, and sterilization 

treatment by exposure to vaporizing agents and gases or peroxide forming 

substances. 

10 12. The method of any one of claims 8-11, wherein the prefilled container is a 

15 

syringe containing a therapeutically effective amount of ranibizumab. 

13. The method of any one of claims 8-12, wherein the penetration depth is 

measured by dosimetry. 

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 10-6 Sterility Assurance Level of the outside of the 

container surface. 

25 16. A system for decontaminating a surface of a prefilled container in secondary 

30 

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 

the prefilled container in the secondary packaging; (ii) allow the vaporized-

hydrogen peroxide to remain in contact with the prefilled-container surface for a 
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predetermined time; and (iii) cause a post-decontamination measure to occur to 

reduce the presence of vaporized-hydrogen peroxide in the chamber, thereby 

preventing vaporized-hydrogen peroxide from diffusing into the prefilled 

container. 

17. A system for surface-decontaminating a prefilled container in secondary 

packaging, the system comprising: an electron-beam tunnel equipped with one or 

more tunable-electron beam generators, the tunable-electron-beam generators, 

configured to (i) variably generate low-energy beta radiation, (ii) oscillate the 

electron beams such that a larger surface of a prefilled container is exposed to 

electron beams; and (iii) 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, 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. 

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 

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

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, 

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 

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. 
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Surface Decontamination of Prefilled Containers 
in Secondary Packaging 

FIELD OF THE INVENTION 

5 I This invention relates to a method and system for terminal sterilization of the 

10 

outer surface and/or surface decontamination of prefilled containers in secondary 

packaging, wherein the prefilled container contains a pharmaceutical or biological drug 

product. 

BACKGROUND 

Prefilled containers are a type of medical device that are filled by the 

manufacturer at the time of assembly and provided to the end user, generally a health

care provider or a patient requiring treatment, in a sterile condition. 

Prefilled containers offer several advantages over traditional packaging of 

therapeutics, including ease of use, reduced risk of contamination, elimination of dosing 

15 errors, increased drug supply and reduced waste. Of the various types of prefillecl 

containers, prefilled syringes are the most common and best suited for parenteral 

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. 1200 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 

masslve amounts of peroxides tn aqueous Bo!utlons tha.t in a secondary reaction turther 
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Surface Decontamination of Prefiiled Containers

in Secondary Packaging '

FIELD OF THE INVENTION

This invention relates to a method and system for terminal sterilization of the

outer surface and/or surface decontamination of prefilled containers in secondary

packaging, wherein the prefilled container contains a pharmaceutical or biological drug

product.

BACKGROUND

Prefiiled containers are a type of medical device that are filled by the

manufacturer at the time of assembly and provided to the end user, generally a health-

care provider or a patient requiring treatment, in a sterile condition.

Prefiiled containers offer severai advantages over traditional packaging of

therapeutics, including ease of use, reduced risk of contamination, elimination of dosing

errors, increased drug supply and reduced waste. Of the various types of prefilled

containers, prefilled syringes are the moSt common and best suited for parenteral

administration of therapeutic products.

Various methods of sterilization of medical devices are known, but not ail

methods work with syringes, especially syringes prefilled with a drug or protein solution.

Steam sterilization is commonly employed for sterilizing medical devices, which

typically invoives 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 filied into the device. Steam

sterilization may compromise the aesthetics of the product due to packaging

degradation from high temperature steam treatment. Moreover, the high temperatures

of the process (eg. 1 20° 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.

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 aqueous soiutions that in a secondary reaction further
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may damage the active ingredient. Further, sterilizing doses of gamma rays cause a 

brown discoloration of glass parts of the device, and is prone to damage elastomeric 

materials like plunger stoppers. This destruction of the elastomers leads top increased 

stickiness of the components thus impairing the functionality of the system. Thus 

5 radiation is not an appropriate means for sterilizing prefilled containers, such as 

syringes, containing a biotech drug product. 

Cold sterilization is a term collectively used for sterilization methods carried out at 

temperatures substantially below the steam process; attempts have been made to use 

ethylene oxide and hydrogen peroxide vapors as sterilants for this treatment. 

10 Treatment with sterilizing gasses, however, bears the risk of insufficient removal of the 

oxidizing gas. Diffusion of gas into the product container affects the stability of the drug 

product through chemical modification by gas vapors, such as alkylation and oxidation. 

Prefilled syringes, although filled under aseptic conditions, are not packed into 

their secondary packaging in an aseptic environment and are therefore likely to be 

15 microbiologically contaminated at their outside. Terminal sterilization of prefilled 

containers in secondary packaging is one way to provide the device to an end user with 

a low bio-burden and low risk of contaminants, for safe application of the product by the 

end user. Moreover there is a strong market need for terminally antimicrobially-treated 

medical devices, such as prefilled syringes used for intravitreal injections. 

20 Due to the sensitive nature of certain drug products, such as proteins, it is not 
~ -

possible to perform terminal sterilization and surface decontamination of containers 

filled with such products using current methods, like steam, irradiation or cold 

sterilization. Specifically, high temperatures are known to denature proteins and 

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 effects 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 wifl be more and more developed for 

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

Montgomery, McCracken, Walkl!'r & Rhoads, LLP 
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may damage the active ingredient. Further, sterilizing doses of gamma rays cause a

brown discoloration of glass parts of the device, and is prone to damage elastomeric

materials like plunger stoppers. This destruction of the elastomers leads top increased

stickiness of the components thus impairing the functionality of the system. Thus

radiation is not an appropriate means for sterilizing prefilled containers, such as

syringes, containing a biotech drug product.

Cold sterilization is a term collectively used for sterilization methods carried out at

temperatures substantially below the steam process; attempts have been made to use

ethylene oxide and hydrogen peroxide vapors as sterilants for this treatment.

Treatment with sterilizing gasses, however, bears the risk of insufficient removal of the

oxidizing gas. Diffusion of gas into the product container affects the stability of the drug

product through chemical modification by gas vapors, such as alkylation and oxidation.

Prefiiled syringes, although filled under aseptic conditions, are not packed into

their secondary packaging in an aseptic environment and are therefore likely to be

microbiologically contaminated at their outside. Terminal sterilization of prefilled

containers in secondary packaging is one way to provide the device to an end user with

a low bio-burden and low risk of contaminants, for safe application of the product by the

end user. Moreover there is a strong market need for terminally antimicrobially-treated

medical devices, such as prefilled syringes used for intravitreal injections.

Due to the sensitive nature of certain drug products, such as proteins, it is not

possible to perform terminal sterilization and surface decontamination of containers

filled with such products using current methods, like steam, irradiation or cold

sterilization. Specifically, high temperatures are known to denature proteins and

gamma radiation has been shown to chemically modify biological solutions. Radiation

techniques, such as sterilization using gamma or beta radiation causes discoloring of

packaging material and effects 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.

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

therapeutic use, the need for a terminal surface sterilization and surface
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decontamination method that is not harmful to the drug product will continually increase 

in the near future. Moreover, as regulatory agencies may require higher levels of sterifity 

assurance, pharmaceutical and biotech companies will seek alternative procedures to 

approach or meet mandated-microbiological purity levels, without compromising the 

5 safety and efficacy of pharmaceutical preparations. 

SUMMARY 

Described herein is a terminal sterilization and surface decontamination 

treatment of prefilled containers, specifically for sterilization of prefilled containers 

1 O containing sensitive solutions, such as a drug product or biological therapeutic, within 

secondary pack.aging. In one embodiment, terminal sterilization is achieved by treating 

prefilled containers within secondary packaging with controllable vaporized-hydrogen 

peroxide (VHP). The principle is the formation a vapor of hydrogen peroxide in 

containment and a subsequent removal or inactivation of vapors in a controlled manner. 

15 Prior to removal or inactivation, VHP condenses on all surfaces, creating a microbicidal 

film that decontaminates the container surface. 

It has been discovered that by varying the parameters of the antimicrobial 

treatment, for example - temperature, humidity, treatment duration, pressure, etc., 

conditions are generated that prevent the leaching of VHP into the syringes. As an 

20 -~ example, the application of a vacuum at the end of the treatment will inverse the 
~ -

diffusion direction and reduce, if not stop, leaching of hydrogen peroxide through the 

rubbers. Prevention or reduction of leaching of detrimental concentrations of hydrogen 

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 

25 compromised. 

Further described herein is terminal sanitization or sterilization and surface 

decontamination of prefilled containers within secondary packaging by tunable electron 

beam (low-energy beta-ray) irradiation technologies as an alternative to aseptic 

inspection and aseptic secondary packaging operations. 

30 In one embodiment, the use of low penetration depth radiation from a low-energy 

electron beam generator for a new application to sterilize the surface of secondary 
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decontamination method that is not harmful to the drug product will continually increase

in the near future. Moreover, as regulatory agencies may require higher levels of sterility

assurance, pharmaceutical and biotech companies will seek alternative procedures to

approach or meet mandated-microbiological purity levels, without compromising the

safety and efficacy of pharmaceutical preparations.

SUMMARY

Described herein is a terminal sterilization and surface decontamination

treatment of prefilled containers, specifically for sterilization of prefilled containers

containing sensitive solutions, such as a drug product or biological therapeutic, within

secondary packaging. in one embodiment, terminal sterilization is achieved by treating

prefilled containers within secondary packaging with controllable vaporized-hydrogen

peroxide (VHP). The principle is the formation a vapor of hydrogen peroxide in

containment and a subsequent removal or inactivation of vapors in a controlled manner.

Prior to removal or inactivation, VHP condenses on all surfaces, creating a microbicidal

film that decontaminates the container surface.

it has been discovered that by varying the parameters of the antimicrobial

treatment, for exampie — temperature, humidity, treatment duration, pressure, etc,

conditions are generated that prevent the leaching of VHP into the syringes. As an

example, the application of a vacuum at the end of the treatment will inverse the

diffusion direction and reduce, if not stop, leaching of hydrogen peroxide through the

rubbers. Prevention or reduction of leaching of detrimental concentrations of hydrogen

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.

Further described herein is terminal sanitization or sterilization and surface

decontamination of prefilled containers within secondary packaging by tunable eiectron

beam (low—energy beta—ray) irradiation technologies as an alternative to aseptic

inspection and aseptic secondary packaging operations.

in one embodiment, the use of low penetration depth radiation from a low-energy

electron beam generator for a new application to steriiize the surface of secondary
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packaged drug product containers avoids aseptic packaging. In another embodiment, 

the penetration depth of electron beam radiation is tunable by adjustment of the 

accelerator voltage of the irradiation generator. 

Generally, the concepts presented herein are applicable to all drug products 

5 having requirements or desirability for absence of viable organisms of the drug product 

container surface. The method and system described herein decontaminate or, more 

preferably render sterile an outside surface of primary packaged drug products within a 

secondary pack, thereby improving safety of products for critical administration (e.g. use 

in a surgical suite or for intravitreal injections). 

Io The foregoing summary provides an exemplary overview of some aspects of the 

invention. It is not intended to be extensive, or absolutely require any key/critical 

elements of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 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 

decontaminated on surfaces according to the methods detailed herein. 

20' Fig. 2 illustrates a block diagram of an exemplary system for surface 

25 

~ -
decontamination of prefi!led 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. 

DETAILED DESCRIPTION 

The method and system described herein are for the sterilization and surface 

decontamination of prefilled containers containing sensitive solutions, such as drug 

products that are otherwise temperature or radiation sensitive or are sensitive to traces 

of oxidizing substances, and thus not suitable for terminal sterilization by classical 

30 methods involving steam, gamma or beta rays or sterilization with oxidizing gases or 

liquids. The method and system described herein are especially suited for prefi!ied 

Montgomery, McCracken, Walker & Rhoads, UP 
:~lt-l7L-1b00 

Regeneron Exhibit 1068.210 
Regeneron v. Novartis 

IPR2020-01317

10

15

20'

25

30

Attorney Docket No. 62106.00039

packaged drug product containers avoids aseptic packaging. in another embodiment.

the penetration depth of electron beam radiation is tunable by adjustment of the

accelerator voltage of the irradiation generator.

Generally, the concepts presented herein are applicable to all drug products

having requirements or desirability for absence of viable organisms of the drug product

container surface. The method and system described herein decontaminate or, more

preferably render sterile an outside surface of primary packaged drug products within a

secondary pack, thereby improving safety of products for critical administration (eg. use

in a surgical suite or for intravitreal injections).

The foregoing summary provides an exemplary overview of some aspects of the

invention. It is not intended to be extensive, or absolutely require any key/critical

elements of the invention.

BRIEF DESCRIPTION OF THE DRAWlNGS

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 prefiiled container in secondary packaging that is

decontaminated on surfaces according to the methods detailed herein. _

Fig. 2 illustrates a block diagram of an exemplary system for surface

decontamination ofdprefiiled 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.

DETAILED DESCRIPTION

The method and system described herein are for the sterilization and surface

decontamination of prefilled containers containing sensitive solutions, such as drug

products that are othenNise temperature or radiation sensitive or are sensitive to traces

of oxidizing substances, and thus not suitable for terminal sterilization by classical

methods involving steam, gamma or beta rays or sterilization with oxidizing gases or

liquids. The method and system described herein are especially suited for prefiiied
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containers that have been filled under aseptic conditions and been subject to additional 

processing, such as product labeling and subsequent secondary packaging. Methods 

include terminal sterilization and surface decontamination by exposing prefilled 

containers in secondary packaging to tunable-beta radiation and further include terminal 

5 sterilization and surface decontamination by exposing prefilled containers to controllable 

vaporized-hydrogen peroxide, including measures to reduce or prevent the diffusion of 

vaporized-hydrogen peroxide into prefilled containers. 

Definitions 

In describing and claiming the terminal sterilization and surface decontamination 

Io method, the following terminology will be used in accordance with the definitions set 

forth below. 

"Aseptic" conditions refer to conditions free of bacterial or microbial 

contamination. 

"Administration" refers to the method of administering treatment to a subject or 

15 patient in need thereof, such as parenteral administration, intravenous administration 

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 

20 ' out at temperatures below those used for steam sterilization, such as autoclavation. 
~ -

"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 

solid or liquid form, and other biological agents, such as peptides, proteins or 

recombinant biologicals, whether in solid or liquid form. Containers may be reusable or 

25 disposable, and may have a medical, veterinary or non-medical purpose. "Prefilled 

container", refers to a container, such as a syringe, that is filled with a solution at the 

time of assembty and packaging and is deliverable for use to an end user, such as a 

health care professional or a patient needing treatment. 

30 

Instructional Material 

An "instruction" or "instructional material" includes a publication, a recording, a 

diagram, or any other medium of expression which can be used to communicate the 
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containers that have been filled under aseptic conditions and been subject to additional

processing, such as product iabeling and subsequent secondary packaging. Methods

include terminal sterilization and surface decontamination by exposing prefilled

containers in secondary packaging to tunable-beta radiation and further include terminal

sterilization and surface decontamination by exposing prefilled containers to controllable

vaporized-hydrogen peroxide, including measures to reduce or prevent the diffusion of

vaporized—hydrogen peroxide into prefilled containers.

Definitions

In describing and claiming the terminal sterilization and surface decontamination

method, the following terminology will be used in accordance with the definitions set

forth below.

“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

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.

“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

solid or liquid form, and other biological agents, such as peptides, proteins or

recombinant biologicals, whether in solid or liquid form. Containers may be reusable or

disposable, and may have a medical, veterinary or non—medical purpose. “Prefilled

container”, refers to a container, such as a syringe, that is filled with a solution at the

timed assembly and packaging and is deliverable for use to an end user, such as a

health care professional or a patient needing treatment.

Instructional Material

An “instruction” or "instructional material" includes a publication, a recording, a

diagram, or any other medium of expression which can be used to communicate the
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usefulness of the method or system of the invention for its designated use. The 

instruction or instruction material may be presented together as part of the system or 

provided separately, or independently of the process, to an end user. 

"Isolation", as used herein refers to practices in pharmaceutical production, filling 

5 and packaging, wherein a clean, or sterile environment, is separated from a non-sterile 

environment to limit or prevent the introduction or spread or contamination of infectious 

agents, such as microorganisms. 

"Medical device", as used herein, refers to a device used for administering 

medical treatment and whose production or sale must, in part, comply with 

10 requirements, such as safety requirements, set forth by a government agency, such as 

the Food and Drug Administration. 

"Solution" as used herein refers to the contents of a container like a vial or a 

prefilled syringe and includes solutions of biological therapeutics and drug products, 

protein products, peptide products, biological products, imaging solutions and aqueous 

15 solutions. Ideally, solutions are those that are temperature, oxidation or radiation 

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. 

20 ·· "Terminal-antimicrobial-surface treatment'' refers to sanitization or sterilization of 
~ -

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 

secondarily packaged prefilled container to be provided in sterile outside condition at its 

point of use. 

25 "Vaporized-hydrogen peroxiden refers to hydrogen peroxide in vapor form 

30 

capable of creating a microbicidal film on a surface, such as the surface of a container 

or packaging material. 

The terms "sterilization", "decontamination", "sanitization", "antimicrobial 

treatment" are used interchangeably herein. 

"Sterility'' as used herein is meant to refer to complete absence of microbial life 

as defined by a probability of nonsterility or a stermty assurance level (SAL). The SAL 
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usefulness of the method or system of the invention for its designated use. The

instruction or instruction material may be presented together as part of the system or

provided separately, or independently of the process, to an end user.

“Isolation”, as used herein refers to practices in pharmaceuticai production, filling

and packaging, wherein a clean, or sterile environment, is separated from a non-sterile

environment to limit or prevent the introduction or spread or contamination of infectious

agents, such as microorganisms.

“Medical device”, as used herein, refers to a device used for administering

medical treatment and whose production or sale must, in part, comply with

requirements, such as safety requirements, set forth by a government agency, such as

the Food and Drug Administration.

“Solution" as used herein refers to the contents of a container like a vial or a

prefilled syringe and includes solutions of bioiogical 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

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—antimicrobiai—surface treatment” refers to sanitization or sterilization of

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

in secondary packaging. Terminai-antimicrobiai treatment, or sterilization, allows a

secondarily packaged prefilled container to be provided in sterile outside condition at its

point of use.

“Vaporized-hydrogen peroxide” refers to hydrogen peroxide in vapor form

capable of creating a microbicidal film on a surface, such as the surface of a container

or packaging material.

The terms “sterilization”, “decontamination , sanitization”, “antimicrobial

treatment" are used interchangeably herein.

“Sterility” as used herein is meant to refer to complete absence of microbiai life

as defined by a probability of nonstarility or a steriiity assurance ievel (SAL). The SAL
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for a given product is based on regulatory requirements. For example, SALs for health 

care products are defined to be at least 10-6, i.e. a chance of less than 1 :1 million of a 

non-sterile product for aseptically and terminally processed products, respectively. 

Reference herein to "one embodiment" or "an embodiment" means that a 

5 particular feature, structure, operation or characteristic described in connection with the 

embodiment is included in at least one embodiment of the invention. Thus, the 

appearances of such phrases or fonnulations herein are not necessarily referring to the 

same embodiment. Furthermore, various particular features, structures, operations or 

characteristics may be combined in any suitable manner in one or more embodiments. 

10 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 

environment. Terminal sterilization of a product provides greater assurance of sterility 

15 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. 

-~ 
20 

Described herein are terminal-sterilization methods suitable for prefilled 

containers containing sensitive products, such as biotech (biological) drug solutions, 

which can otherwise be compromised when using classical terminal sterilization 
~ 

processes, such as steam, gamma irradiation or cold sterilization processes currently 

used in pharmaceutical production and assembly lines. While reference is given to drug 

products, such as heat or radiation-sensitive drug solutions containing biologicals such 

as peptides or proteins, it will be understood by those skilled in the art that any suitable 

25 drug product that is considered a therapeutic agent, whether in solution or solid form, 

can be housed - or contained - in a prefilled container. Thus, the prefilied container 

itself is not drug specific. 

It has now been discovered that treatment of prefilled containers in secondary 

packaging by an application of vaporized-hydrogen peroxide, in which vapors are 

30 controllable by certain post-treatment measures, and exposure to tunable-beta 

radiation, in which the depth of penetration of beta rays into secondary packaging are 
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for a given product is based on regulatory requirements. For example, SALs for health

care products are defined to be at least 105, Le. a chance of less than 1:1 million of a

non-sterile product for aseptically and terminally processed products, respectively.

Reference herein to “one embodiment" or “an embodiment" means that a

particular feature, structure, operation or characteristic described in connection with the

embodiment is included in at least one embodiment of the invention. Thus, the

appearances of such phrases or formulations herein are not necessarily referring to the

same embodiment. Furthermore, various particular features, structures, operations or

characteristics may be combined in any suitable manner in one or more embodiments.

Terminal sterilization and surface decontamination ofprefilled containers

Terminai 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

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

containers containing sensitive products. such as biotech (biological) drug solutions,

which can otherwise be compromised when using ciassicai terminal sterilization

processes, such as‘steaAm, gamma irradiation or coid sterilization processes currently

used in pharmaceutical production and assembly lines. While reference is given to drug

products, such as heat or radiation-sensitive drug solutions containing bioiogicais such

as peptides or proteins, it will be understood by those skilled in the art that any suitable

drug product that is considered a therapeutic agent, whether in solution or solid form,

can be housed — or contained — in a prefilled container. Thus, the prefilled container

itself is not drug specific.

It has now been discovered that treatment of prefilled containers in secondary

packaging by an application of vaporized—hydrogen peroxide, in which vapors are

controllable by certain post-treatment measures, and exposure to tunable-beta

radiation, in which the depth of penetration of beta rays into secondary packaging are
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controllable, are ideal for surface decontamination of prefilled containers, yet not 

harmful to the stability or integrity of the contents of the prefilled container. 

The methods and embodiments described herein are suitable for use in 

pharmaceutical production and packaging in isolation or outside of isolation. 

5 Furthermore, the methods described herein are adaptable to different container formats 

or types, with minimal incremental costs to production plant design. A system is also 

provided which allows for surface decontamination of prefHled containers in secondary 

packaging, as wetl as a kit comprising instructional material for practicing the method 

and system described herein. 

10 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 

understood by those skilled in the art that various containers, other than a syringe, are 

15 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. 

In one embodiment, the prefilled container is a syringe. Other suitable prefilled 

20 -~ containers include vials, bottles, bags and other medical devices capable of containing 
" -

a sterile solution or a solution requiring sterilization. 

In one embodiment, the syringe is filled with a drug product, such as in the form 

of liquid, solution, powder or solid. In another embodiment the drug product is a solution 

such as a drug solution or protein solution that is otherwise sensitive to exposure to high 

25 temperatures, such as those used in steam sterilization, and ionizing energy, such as 

gamma or beta rays and oxidizing gasses. In yet another embodiment the drug product 

is one that has been lyophilized, in other words a solid, and requires constitution in 

liquid or solution prior to use. 

In another embodiment, a solution is any drug product having requirements or 

30 desirability for sterility of the drug product container surface. In one particular 
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controllable, are ideal for surface decontamination of prefilled containers, yet not

harmful to the stability or integrity of the contents of the prefilled container.
The methods and embodiments described herein are suitable for use in

pharmaceutical production and packaging in isolation or outside of isolation.

Furthermore, the methods described herein are adaptable to different container formats

or types, with minimal incremental costs to 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

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 tunabie-beta radiation as

described herein. Fig. 1 shows one exemplary prefilled container, however. it will be

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.

In one embodiment, the prefilled container is a syringe. Other suitable prefilled

containers include vials, bottles, bags and other medical devices capabie of containing

a sterile solution or‘a solution requiring sterilization.

in one embodiment, the syringe is filled with a drug product, such as in the form

of liquid, solution, powder or solid. In another embodiment the drug product is a solution

such as a drug solution or protein solution that is otherwise sensitive to exposure to high

temperatures, such as those used in steam sterilization, and ionizing energy, such as

gamma or beta rays and oxidizing gasses. in yet another embodiment the drug product

is one that has been lyophilized, in other words a solid, and requires constitution in

liquid or solution prior to use.

In another embodiment, a solution is any drug product having requirements or

desirability for sterility of the drug product container surface. In one particular
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embodiment, the drug product is a protein solution, such as ranibizumab (e.g. 6mg/ml or 

1 O mg/ml) solution for intravitreal injection. 

In one embodiment, the container is filled with solution under aseptic conditions, 

whether by an automated or manual process. Thus, the contents of the container are 

5 sterile and unaffected by surface decontamination methods as described herein. The 

term "filled" is meant to refer to the placement of contents, such as solution, into the 

container in an appropriate amount, such as an appropriate volume or appropriate 

concentration. The appropriate amount, volume or concentration will vary depending on 

the nature of the contents and their intended use. 

Io 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 

secondary packaging includes wrappings, such as paper, plastic or foil, and blister 

packs impermeable for microbes. 

15 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, 

prefilled container surfaces enclosed in a secondary packaging decontaminated by the 

methods described herein can be presented to, and opened within, a critical or sterile 

20-· environment, such as a surgical suite. 
~ -

In one embodiment, terminal sterilization and surface decontamination of prefilled 

containers within secondary packaging is carried out by treating surfaces of the prefilled 

container within secondary pack.aging with vaporized-hydrogen peroxide and applying 

post-treatment measures, within a decontamination chamber. A suitable 

25 decontamination chamber is any chamber, such as an autoclave, that has the means 

for reversibly sealing a closed environment and equipped with means of manipulating 

pressure, temperature, infiow and outflow of air within the chamber. Additional elements 

of a suitable chamber include the means for accommodating treatment by vaporized

hydrogen peroxide and post-treatment measures to reduce or prevent vaporized-

30 hydrogen peroxide from entering into prefilled containers. 
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embodiment, the drug product is a protein solution, such as ranibizumab (eg. 6mg/ml or

10 mg/ml) solution for intravitreal injection. I

in one embodiment, the container is filled with solution under aseptic conditions,

whether by an automated or manual process. Thus, the contents of the container are

5 sterile and unaffected by surface decontamination methods as described herein. The

term “filled” is meant to refer to the placement of contents, such as solution, into the

container in an appropriate amount, such as an appropriate volume or appropriate

concentration. The appropriate amount, volume or concentration will vary depending on

the nature of the contents and their intended use.

10 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 prefiiled container. Suitable

secondary packaging includes wrappings, such as paper, plastic or foil, and blister

- packs impermeable for microbes. I

15 In one embodiment the prefilled container in secondary packaging undergoes

decontamination, such that the contents of the secondary packaging, specificaily the

surfaces of the prefilied container, are decontaminated and terminally steriiized. Thus,

prefilled container surfaces enclosed in a secondary packaging decontaminated by the

methods described herein can be presented to, and opened within, a critical or sterile

20” environment, such as a surgical suite.

in one embodiment, terminal sterilization and surface decontamination of prefilled

containers within secondary packaging is carried out by treating surfaces of the prefilled

container within secondary packaging with vaporized—hydrogen peroxide and applying

post-treatment measures, within a decontamination chamber. A suitable

25 decontamination chamber is any chamber, such as an autoclave, that has the means

for reversibly sealing a closed environment and equipped with means of manipulating

pressure, temperature, inflow and outflow of air within the chamber. Additional elements

of a suitable chamber include the means for accommodating treatment by vaporized-

hydrogen peroxide and post-treatment measures to reduce or prevent vaporized—

30 hydrogen peroxide from entering into prefilled containers.
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In another embodiment, the chamber is configured to accommodate the quantity 

of containers requiring terminal sterilization. Thus, in large-scale production and 

assembly lines, the chamber can be configured to accommodate a large quantity of 

containers, accordingly. 

5 Treatment with vaporized-hydrogen peroxide is brought about by the application 

or release of hydrogen-peroxide-vapors within the decontamination chamber. In one 

embodiment, vapors of hydrogen peroxide are controllable, in other words, certain post

treatment measures are applied to manipulate or control the action of vaporized

hydrogen peroxide. In one embodiment, post-treatment measures are applied that direct 

10 - or reverse - the direction of vapor diffusion, such that vapors are prevented from 

entering into the prefilled container. 

ln 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 

15 as oxidative action. 

In another embodiment, terminal sterilization and surface decontamination of 

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 

packaging is decontaminated by an adjustment of accelerator voltage of an irradiation 

20 generator to provide beta radiation of a sufficient dose to penetrate secondary 
~ -

packaging without penetrating primary packaging. 

In another embodiment, the accelerator voltage required to deliver the 

appropriate amount of beta radiation to decontaminate the surface of prefilled 

containers depends on the thickness of secondary packaging materials. For example, in 

25 one embodiment, suitable packaging materials are less than or equal to 0.05 mm 

thickness. 

In another embodiment a combination of secondary and primary packaging 

components, accelerator voltage, irradiation plant design and throughput speed allow 

surface decontamination of a prefilled container in secondary packaging, while almost 

30 completely shielding contents of the prefilled container by primary packaging materials. 
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in another embodiment, the chamber is configured to accommodate the quantity

of containers requiring terminal sterilization. Thus, in large-scale production and

assembly lines, the chamber can be configured to accommodate a large quantity of

containers, accordingly.

Treatment with vaporized-hydrogen peroxide is brought about by the application

or release of hydrogen—peroxide-vapors within the decontamination chamber. In one

embodiment, vapors of hydrogen peroxide are controllable, in other words, certain post-

treatment measures are applied to manipulate or control the action of vaporized-

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 prefiiled container.

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 inciude inactivating vaporized-hydrogen peroxide action, such

as Oxidative action.

in another embodiment, terminal sterilization and surface decontamination of

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

packaging is decontaminated by an adjustment of accelerator voltage of an irradiation

generator to provide beta radiation of a sufficient dose to penetrate secondary

packaging without penetrating primaw packaging.

in another embodiment, the accelerator voltage required to deliver the

appropriate amount of beta radiation to decontaminate the surface of prefilled

containers depends on the thickness of secondary packaging materials. For example, in

one embodiment, suitable packaging materials are less than or equal to 0.05 mm

thickness.

in another embodiment a combination of secondary and primary packaging

components, accelerator voltage, irradiation plant design and throughput speed allow

surface decontamination of a prefilled container in secondary packaging, while almost

completeiy shielding contents of the prefilled container by primary packaging materials.
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In one embodiment, a suitable primary packaging is a syringe capable of 

shielding irradiation sensitive solution contained within. Shielding can be provided by 

thickness of the container or the material components of the container. Shielding 

effectiveness can be determined by adjustment of the accelerator voltage and thus the 

5 depth of penetration of the beta rays emitted onto the prefilled container. Furthermore, 

shielding is determined by measuring the absorbed dosage, such as with a dosimeter. 

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 

IO during further. packaging and product labeling using standard pharmaceutical packaging 

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 

15 conditions and labeled and packaged into secondary packaging by a manual or 

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 

container in secondary packaging is introduced, either by a manual process or 

automated process, or a combination of the two, into the electron beam tunnel via an 

20 ·' inlet and transported for all or a portion of time through the e-beam tunnel to an outlet 
~ -

as the surfaces of prefilled containers in secondary packaging are exposed to low-

energy beta radiation. In another embodiment, prefilled containers in secondary 

packaging remain stationary for all or a portion of time as the surfaces of prefilled 

containers in secondary packaging are exposed to low-energy beta radiation. In 

25 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 another embodiment, the 

chamber for electron beam treatment is open, but shielded to the environment by a 

30 tortuous path of the objects into and out of the chamber. 

Terminal SteriNzation of Preti/led Confa;ner by Vaporized-hydrogen peroxide (Vt-IP) 
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In one embodiment, a suitable primary packaging is a syringe capable of

shielding irradiation sensitive solution contained within. Shielding can be provided by

thickness of the container or the material components of the container. Shielding

effectiveness can be determined by adjustment of the accelerator voltage and thus the

depth of penetration of the beta rays emitted onto the prefilled container. Furthermore,

shielding is determined by measuring the absorbed dosage, such as with a dosimeter.

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

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

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

container in secondary packaging is introduced, either by a manual process or

automated process, or a combination of the two, into the electron beam tunnel via an

inlet and transported for all or a portion of time through the e-beam tunnel to an outlet

as the surfaces of prefilled containers in secondary packaging are exposed to low-

energy beta radiation. In another embodiment, prefilled containers in secondary

packaging remain stationary for all or a portion of time as the surfaces of prefilled

containers in secondary packaging are exposed to low-energy beta radiation. 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 another embodiment, the

chamber for electron beam treatment is open, but shielded to the environment by a

tortuous path of the objects into and out of the chamber.

Terminal Sterilization of Profit/ed Container by Vaporized—hydrogen peroxide (VHF)

Montgomery, McCracken, Waikenfi Rhaaa‘s, LLP
Zib—TI‘Z-i 50:?

.-\ ..\

 

Regeneron Exhibit 1068.217

Regeneron v. Novartis

IPR2020-01317



At!omey Docket No. 62106.00039 

In one embodiment, terminal sterilization of prefilled containers in secondary 

packaging is carried out by antimicrobiaf treatment in a chamber with vaporized

hydrogen peroxide, also referred to as "cold sterilization". 

The various steps, or operations, involved in the sterilization and surface 

5 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 

10 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 

15 either manually or automatically to, and secured within, a decontamination chamber. 

A suitable decontamination chamber is any chamber, such as an autoclave, 

equipped with means for reversibly sealing a closed environment, and equipped with 

means of manipulating pressure, temperature, inflow and outflow of air within the 

chamber. Additional elements of a suitable chamber include means for accommodating 

20 · treatment by VHP and post-treatment measures to reduce or prevent VHP from entering 
~ -

into prefilled containers. 

In one embodiment, hydrogen peroxide vapor is introduced into the chamber, 

either generated within or released within the chamber for a sufficient time to 

decontaminate -or treat - the surface of prefilled containers in secondary packaging. 

25 In another embodiment, application of vaporized-hydrogen peroxide is carried out at 

temperatures below those used for steam sterilization. 

Hydrogen peroxide in liquid form has long been recognized as a disinfectant. 

Koubek U.S. Patent No. 4,512,951 descrfbes a method of sterilization with liquid 

hydrogen peroxide which includes vaporizing an aqueous solution of hydrogen peroxide 

30 and passing the resulting hydrogen peroxide-water vapor mixture into an evacuated 

sterilization chamber where, upon contact with items to be steriHzed, the vapor 
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In one embodiment, terminal sterilization of prefilled containers in secondary

packaging is carried out by antimicrobial treatment in a chamber with vaporized—

hydrogen peroxide, also referred to as “cold sterilization”.

The various steps, or operations, involved in the sterilization and surface

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

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. and secured within, a decontamination chamber.

A suitable decontamination chamber is any chamber, such as an autoclave,

equipped with means for reversibly sealing a closed environment, and equipped with

means of manipulating pressure, temperature, inflow and outflow of air within the

chamber. Additional elements of a suitable chamber include means for accommodating

treatment by VHP and post-treatment measures to reduce or prevent VHP from entering

into prefilled containers:

In one embodiment, hydrogen peroxide vapor is introduced into the chamber,

either generated within or released within the chamber for a sufficient time to

decontaminate —or treat — the surface of prefilled containers in secondary packaging.

In another embodiment, application of vaporized—hydrogen peroxide is carried out at

temperatures below those used for steam sterilization.

Hydrogen peroxide in liquid form has long been recognized as a disinfectant.

Koubek US. Patent No. 4,512,951 describes a method of sterilization with liquid

hydrogen peroxide which includes vaporizing an aqueous solution of hydrogen peroxide

and passing the resulting hydrogen peroxide-water vapor mixture into an evacuated

sterilization chamber where, upon contact with items to be sterilized, the vapor

Montgomery, McCracken, Walker& Rhoads, LLP 12
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condenses to form a layer of liquid hydrogen peroxide on the items. The items to be 

sterilized are maintained at a temperature below the dew point of the hydrogen 

peroxide-water mixture to assure condensation, but the overall chamber temperature 

must be high enough to prevent condensation of the incoming vapor before it reaches 

5 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 

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 

10 maintaining contact between the article and the sterilant at temperatures be.low 80°C 

until sterility is achieved. The lowest temperature disclosed in either the Moore or 

Forstrom patents is 20°C. 

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 

15 molecular integrity of the solutions because hydrogen peroxide vapors that enter the 

container cause chemical modifications of the solution, such as oxidation. 

It has now been discovered that applying post-treatment, or post-application, 

measures reduces or prevents the adverse effects of VHP on sensitive solutions and 

preserve the integrity, and thereby therapeutic efficacy, of otherwise sensitive solutions 

20 ·· in prefilled containers. Post-application measures are ideally those measures that 
~ -

deactivate the oxidizing action of hydrogen peroxide, whether by removing vaporized-

hydrogen peroxide or rendering hydrogen peroxide vapors into an inactive state. 

In one embodiment, leaching of VHP into a prefilled container is prevented by 

application of a vacuum at the end of the antimicrobial treatment in the chamber to 

25 inverse the diffusion direction of hydrogen peroxide vapors. By reversing the direction of 

vapor flow, hydrogen peroxide vapors are prevented from entering the prefilled 

container, thereby maintaining the integrity of the sensitive solution within the container 

while the surface of the container is decontaminated. 

In yet another embodiment, hydrogen peroxide vapors are inactivated, such that 

30 they are incapable of chemicaHy modifying the solution contained in a prefiHed 

container. In another embodiment. post-treatment measures include neutralizing the 
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condenses to form a layer of liquid hydrogen peroxide on the items. The items to be

sterilized are maintained at a temperature below the dew point of the hydrogen

peroxide-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. US. Patent No. 4,169,123 and

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

untii sterility is achieved. The lowest temperature disclosed in either the Moore or

Forstrom patents is 20°C.

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

molecular integrity of the solutions because hydrogen peroxide vapors that enter the

container cause chemical modifications of the solution, such as oxidation.

it has now been discovered that applying post-treatment, or post-application,

measures reduces or prevents the adverse effects of VHP on sensitive solutions and

preserve the integrity, and thereby therapeutic efficacy, of otherwise sensitive solutions

in prefilled containers. Post-application measures are ideally these measures that

deactivate the oxidizingiaction of hydrogen peroxide, whether by removing vaporized-

hydrogen peroxide or rendering hydrogen peroxide vapors into an inactive state.

In one embodiment, leaching of VHP into a prefilled container is prevented by

application of a vacuum at the end of the antimicrobial treatment in the chamber to

inverse the diffusion direction of hydrogen peroxide vapors. By reversing the direction of

vapor flow, hydrogen peroxide vapors are prevented from entering the prefilled

container, thereby maintaining the integrity of the sensitive solution within the container

while the surface of the container is decontaminated.

in yet another embodiment, hydrogen peroxide vapors are inactivated, such that

they are incapable of chemicaliy modifying the solution contained in a prefilled

container. in another embodiment, post-treatment measures include neutralizing the
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oxidative ability of hydrogen peroxide vapors. In yet another embodiment, hydrogen 

peroxide vapors are inactivated by application of ultraviolet rays to the container after a 

sufficient exposure time of prefilled container to VHP following treatment. Other suitable 

inactivating agents, such as chemical agents, can be applied post-treatment to 

5 inactivate VHP following a sufficient exposure time of the surfaces of prefilled containers 

toVHP. 

At the conclusion of the terminal sterilization process, the prefilled container in 

secondary packaging may be removed from the chamber, and is suitable for use by an 

end user. 

10 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 decontamin~ting a surface of a prefilled container in secondary packaging. System 

200 includes a sealed chamber 202 and a control unit 204 coupled, directly or indirectly, 

to the chamber 202. 

15 In one embodiment, the sealed chamber 202 may be any suitable 

decontamination chamber. For instance, the chamber 202 may include an autoclave, 

with the ability to reversibly seal a closed environment. The chamber 202 may also be 

equipped with mechanisms to manipulate pressure, temperature, and inflow and outflow 

of air within the chamber 202. 

20 ·• Control unit 204 provides instructions, in the form of signals, to chamber 202 to 
4 -

perform operations associated with sterilizing a prefilled container 100 (such as shown 

in Fig. 1) in a prescribed-automatic manner. Control unit 204 may transmit signals to 

chamber 202 to direct chamber 202 (or related parts) to physically enable a vaporized

hydrogen peroxide to come into contact the surface of the prefilled container in the 

25 secondary packaging. 

For example, in one embodiment, the control unit 204 may transmit a signal to a 

valve (not shown) associated with a reservoir for pass[ng vaporized-hydrogen peroxide 

into the chamber. The control unit 204 measures a preset duration-of-time the 

vaporized-hydrogen peroxide is to remain in contact with the prefilled-container surface. 

30 Upon expiration of the preset duration-of-time, the control unit 204 transmits a signal to 

chamber 202 (or a related device) lo cause a post-decontamination measure to occur to 
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reduce the presence of vaporized-hydrogen peroxide in the chamber, thereby 

preventing vaporized-hydrogen peroxide from diffusing into the prefilled container 

undergoing surface decontamination. 

For example, following surface decontamination, the control unit 204 may 

5 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 

mechanisms for introducing neutralizing or inactivating agents, such as chemical 

agents, into the chamber 202, which upon contact with hydrogen-peroxide vapors 

1 O 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 

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

presence of vaporized-hydrogen peroxide within the chamber to sufficiently 

15 decontaminate the container surface is determined by routine validation. For example, 

containers that have been subjected to treatment by vaporized-hydrogen peroxide 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, generally performed by the use 

20' 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 

exposure to beta radiation as described below. 

25 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 

executing code that is programmed to transmit signals to devices associated with 

30 physically carrying out the sterilization process. 
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reduce the presence of vaporized-hydrogen peroxide in the chamber, thereby

preventing vaporized—hydrogen peroxide from diffusing into the prefilled container

undergoing surface decontamination.

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

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

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

presence of vaporized—hydrogen peroxide within the chamber to sufficiently

decontaminate the container surface is determined by routine validation. For example,

containers that have been subjected to treatment by vaporized-hydrogen peroxide 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, 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

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

executing code that is programmed to transmit signals to devices associated with

physically carrying out the sterilization process.
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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 

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

5 in a combination of automated and manual processes. 

Terminal Sterilization of Prefilled Containers by Tunable-Beta lffadiation 

In one embodiment, terminal sterilization of prefilled containers in secondary 

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 

Io 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 

system manager, such as a microprocessor. Alternatively, operations can be performed 

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

15 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 

20-· packaging. 
~ -

In one en'lbodiment, 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 

25 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 

30 beam. In another embodiment, the object is passed below the scanning electron beams 

by means of a transport mechanism like a moving conveyor. 
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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 

5 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 

1 o 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 

the thickness of the wall of the primary packaging material is 20 or more times thicker 

15 · 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 

20' secondary packaging, while the contents of the container are essentially shielded by the 
J -

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 

25 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 

30 doses are measured with Gray (Gy) or Rad (radiation absorbed dose). In another 
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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, ideaily in less than one-half second. Thus, treatment times with

tunable-beta radiation as described herein are significantiy 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, prefilted containers in secondary packaging are

transported or moved about in a fashion as to expose ali 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

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 altowing 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 prefiiled 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.

ln one embodiment, beta irradiation of the prefilied 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
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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 pack.aging and the thickness of the secondary packaging. For a typical 

5 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 

10 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 one second, surface decontamination of prefilled containers in secondary 

15 packaging offers numerous advantages over sterilization methods involving gamma 

radiation, which are harmful to container contents, require significantly longer exposure 

times for decontamination, and require additional shielding along the production line, 

and cause discoloration of packaging components, Moreover, sterilization techniques 

involving gamma radiation cause significant bottlenecks in production assembly lines 

20 ' which are eliminated by surface decontamination using tunable-beta radiation in an e-
~ 

beam tunnel. 

In one embodiment, as depicted in Fig. 3, a system 300 - for surface

decontaminating a prefilled container in secondary packaging - includes an electron

beam tunnel 302 equipped with one or more tunable-electron beam generators, shown 

25 as voltage generators 304. In another embodiment, the one or more tunable-electron

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 

container. 

30 In yet another embodiment, the one or more generators 304 apply an accelerator 

voltage to produce a sufficient amount of beta radiation to decontaminaf.e the surface of 
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embodiment, absorbed doses are measured by dosimeter, preferably by film

dosimeters, calorimeters or cerium dosimeters. I

In another embodiment, the amount of radiation depends on the presence of

secondary packaging and the thickness of the secondary packaging. For a typical

5 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

10 waves.

At the conclusion of the terminai 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 one second, surface decontamination of prefilled containers in secondary

15 packaging offers numerous advantages over sterilization methods involving gamma

radiation, which are harmful to container contents, require significantly longer exposure

times for decontamination, and require additional shielding along the production line,

 
and cause discoloration of packaging components, Moreover, sterilization techniques

involving gamma radiation cause significant bottlenecks in production assembly lines

20 ' which are eliminated by surface decontamination using tunable-beta radiation in an e-

beam tunnel. . A

in one embodiment, as depicted in Fig. 3, a system 300 — for surface-

decontaminating a prefilled container in secondary packaging — includes an electron-

beam tunnel 302 equipped with one or more tunable—electron beam generators, shown

25 as voltage generators 304. In another embodiment, the one or more tunable-electron-

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

container.

30 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

Montgomery, McCracken, Waiker & Rhoads, LLP fig215-772-wa

Regeneron Exhibit 1068.224

Regeneron v. Novartis

IPR2020-01317



5 

Attorney Docket No. 62106.00039 

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, 

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 

sufficiently decontaminate the container surface is determined by routine validation. For 

example, containers that have been subjected to treatment by beta radiation are 

Io compared to cont(ols 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 

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

thus the absence of bacterial growth, can easily be determined. Validation techniques 

15 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 

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, 

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

Example 1 

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

25 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 

compared to control syringes treated with VHP to determine if the integrity of proteins 

present in solution was maintained. 

30 A formulation as described in U.S. Patent No. 7,060,269 was tested for protein 

degradation foHowing treatment by VHP. 
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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,

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

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

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 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

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.a A

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

compared to control syringes treated with VHP to determine if the integrity of proteins

present in solution was maintained.

A formulation as described in US. Patent No. 7,060,269 was tested for prOtein

degradation foilowing treatment by VHP.
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Approximately 1 O ml of solution was filtered through a 0.22 µm syringe filter. 

(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, 

5 visualized by HPlC analysis: byproducts and degradation products by HPlC (IEC) and 

by-products and degradation products by HPlC (SEC}. 

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 

9823.05 CSi 98 2 100 

2 x treatment 

9823.07 98 2 100 

9823.08 98 2 100 

IO 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 

15 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 H20 2 in solution 

by a fluorescence test using an over-the-counter commercially available kit in 

conjunction with an apparatus with fluorescence detection. 

20 Example 2 

The folfowing experiment was carried out to determine the effectiveness of 

surface decontamination using beta irradiation. A commercially available e-beam tunnel 
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Approximately 10 mL of solution was filtered through a 0.22 pm syringe filter.

(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,

5 visualized by HPLC analysis: byproducts and degradation products by HPLC (IEC) and

by—products and degradation products by HPLC (SEC).

Table 1: Protein Stability Following Treatment with VHP

lEc (% main peak) lEC (% basic peak)

9823.01 CSi

9823.02 CSi

1 x treatment

   

 

 

 
 
 

  

SEC (% monomer)

 
   

 

 
l0 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

15 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 H202 in solution

by a fluorescence test using an over-the—counter commercially available kit in

 
conjunction with an apparatus with fluorescence detection.

20 Example 2

The following experiment was carried out to determine the effectiveness of

surface decontamination using beta irradiation. A commercially avaiiable e-beam tunnel
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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 µm, an aluminum bag with foil thickness of 0.1 

5 mm and a glass slide of 1 mm thickness. 

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. 

10 Table 2: Beta Irradiation Absorption by Packaging Materials: 

Number of passes 

through decontamination 

tunnel 

1 pass 

3 passes 

5 passes 

Dosimeter in 

Polyethylene bag 

30kGy 

97kGy 

207 kGy 

Absorbed dose 

Dosimeter in 

aluminum bag 

1.3 kGy 

64kGy 

105 kGy 

Dosimeter shielded by 

1 mm glass slide 

<LOQ(0.1 kGy) 

<LOQ(0.1 kGy) 

<LOQ (0.1 kGy) 

The feasibility study showed that already with these not optimized settings of the 

electron beam decontamination tunnel a surface sterilization could be obtained{>= 25 

kGy) when the product was packaged into plastic bags. Even after 5 times passing 

15 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 (1 ml long, ISO) was investigated by measurement of peroxides 

20 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: 

Montgomery, McC,racken, Walker & Rhoads, LLP 
:C.itrll:1:-ffJ(J(J 

21 

Regeneron Exhibit 1068.227 
Regeneron v. Novartis 

IPR2020-01317

   

Attorney Docket No. 6210630069

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

5 mm and a glass slide of 1 mm thickness.

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.

10 Table 2: Beta Irradiation Absorption by Packaging Materials:

Number of passes

through decontamination Absorbed dose

tunnel Dosimeter in Dosimeter in Dosimeter shielded by

Polyethylene bag aluminum bag 1 mm glass slide

 

<LOQ (0.1 kGy)

 1 pass 30 kGy 1.3 kGy <LOQ(D.1 kGy)

3 passes 97 kGy 64 kGy <LOQ(0.1 kGy)

 

The feasibiiity study showed that already with these not optimized settings of the

electron beam decontamination tunnel a surface sterilization could be obtained (>= 25

kGy) when the product was packaged into plastic bags. Even after 5 times passing

15 through the electron beam treatment tunnel, the absorbed dose within the packaging

materiai (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 (1 mL long, lSO) was investigated by measurement of peroxides

20 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:

Montgomery, McCracken, Walker & Rhoads. LLP 2121 5—1372- 1 500
 

Regeneron Exhibit 1068.227

Regeneron v. Novartis

IPR2020-01317



Attorney Docket No. 62106.00039 

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

in water in 1 ml long glass syringe (ISO) [µMol/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. 

5 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 

1 0 solution was filtered through a 0.22 µm filter and aseptically filled into pre-sterilized 

glass vials, aseptically closed with a sterile rubber stopper and secured with an 

aluminum crimp cap. 

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

identical settings as for the other experiments mentioned above. Containers were 

15 analyzed after the treatment with electron beam radiation to determine protein contents, 
" -

20 

visualized by HPLC analysis for byproducts and degradation, products by HPLC (IEC), 

as performed above in Example 1. 

Table 4: Protein Stability Following Beta Irradiation of Prefilled Containers 
i-•- •• • --•---••-••-•• -•-••• •• •• • • -•-••• ••••• •• ""' - •••--•~• ••e•·•-: ••-••• ••'' -•• -• '•,•,• •· •,• •,•.•••• ••'. ,., -•-~ •• •,•,• ~---•-••••••••-••,••:• - •• ••••.,•••· ••:'.·:•• •.•,•.•, -••• -•••• ••, •••••· .'C ••• ,•,••••••••••' 

!!Number of passes.through E-beam tunnef![IEC{%.maln peak)!IIEC (% basic peak)j 

ii~~~~~~£~-{~_<?.~.~~~~~£'> --·· -·······- ....... H~-~--{~!:.~t ...... ···-·-···-Jh_t1 .. ?>. _ --···· .... .! 
il1_E~SS__ _ _ H~~J~?_-~L !j1_(~~~) _ ·-- --·-·. . ! 
il~.e.~i.~~ ![ss (97.s> Jl2 {1.s> 

!l~-P~~~~~ _ !Isa (97.6) ..... il1 {1.4) 

There were no differences between the results of the untreated syringes and with 

electron beam sterilized vials, foflow1ng 1 pass, 3 passes or 5 passes through thee-

Montgomery, McCracken, Walker & Rhoads, LLP 
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Number of passes through E-beam tunnel Peroxide content of 0.5% Polysorbate 20 solution  

 
  

in water in 1mL long glass syringe (lSO) [pMol/mL]
0.04

0.04

0.03

 

  
 
 

  

Reference (not treated)

 

 

 
 

 

1 pass

 

 

3 passes

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.

5 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 US. Patent No. 7,060,269 was tested for protein

degradation following treatment by electron beam irradiation. Approximately 0.3 mL of

10 solution was filtered through a 0.22 pm filter and aseptically filled into pre-sterilized

glass vials, aseptically closed with a sterile rubber stopper and secured with an

aluminum crimp cap.

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

identicai settings as for the other experiments mentioned above. Containers were

15 I analyzed after the treatment with electron beam radiation to determine protein contents,
visualized by HPLC analysis for byproducts and degradation products by HPLC (lEC),

as performed above in Example 1.

Table 4: Protein Stability Following Beta Irradiation of Prefilled Containers 

  
 

{Midyearféééééé'iiifoéégfiEeeiiitdsineié IE9. TEE? i552 fiééifigeisi
llfisisrsase ("Quests—532 . ... ._ _. . Elafiiéfiél __

 

  

There were no differences between the results of the untreated syringes and with

eiectron beam steriiized vials, following ‘i pass, 3 passes or 5 passes through the en
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beam sanitization process, as shown in the results at Table 4. Thus, tunable-beta 

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 

5 subjoined claims rather than by the foregoing description. All changes which come 

within the meaning and range of equivalency of the claims are to be embraced within 

their scope. 
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beam sanitization process, as shown in the results at Table 4. Thus, tunable-beta  
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 ciaims rather than by the foregoing description. All changes which come

within the meaning and range of equivalency of the claims are to be embraced within

their scope.
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CLAIMS 

We claim: 

5 1. A method for surface decontamination of a prefilled container in secondary 

10 

15 

20 I 

25 

30 

packaging, comprising: 

applying vaporized-hydrogen peroxide to the surface of the prefilled 

container in secondary packaging; 

allowing vaporized-hydrogen peroxide to remain in contact with the 

prefilled container surface for a sufficient time to decontaminate the prefifled 

container surface; and 

causing a post-decontamination measure to occur to reduce the presence 

of vaporized-hydrogen peroxide, thereby preventing vaporized-hydrogen 

peroxide from diffusing into the prefilled container. 

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. 

3. The method of Claim 1, wherein the prefilled container is a syringe containing a 

therapeuticatly effective amount of ranibizumab. 

4. The method of Claim 1, wherein sufficient time to decontaminate the surface of 

the prefilled container is determined by validation of treatment times and 

compared to a control standard. 

5. The method of Claim 1, wherein the post-decontamination measure includes 

applying a vacuum following the duration of treatment with vaporized-hydrogen 

peroxide, thereby reversing the direction of diffusion of vaporized-hydrogen 

peroxide and preventing intrusion of vaporized-hydrogen peroxide into the 

prefiiled container. 
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CLAIMS

We claim:

1. A method for surface decontamination of a prefilled container in secondary

packaging, comprising:

applying vaporized-hydrogen peroxide to the surface of the prefilled

container in secondary packaging;

allowing vaporized-hydrogen peroxide to remain in contact with the

prefilled container surface for a sufficient time to decontaminate the prefilled

container surface; and

causing a post-decontamination measure to occur to reduce the presence

of vaporized-hydrogen peroxide, thereby preventing vaporized-hydrogen

peroxide from diffusing into the prefilled container.

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.

The method of Claim 1, wherein the prefilled container is a syringe containing a

therapeutically effective amount of ranibizumab.

The method of Claim 1, wherein sufficient time to decontaminate the surface of

the prefilled container is determined by validation of treatment times and

compared to a control standard.

. The method of Claim 1, wherein the post-decontamination measure includes

applying a vacuum following the duration of treatment with vaporized-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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6. The method of Claim 1, wherein the post-decontamination measure includes 

applying ultraviolet rays following the duration of treatment with vaporized

hydrogen peroxide, thereby inactivating oxidative action of hydrogen peroxide 

vapors. 

7. A method for surface decontamination of a prefilled container in secondary 

packaging, comprising: 

presenting a prefilled container in a secondary package to an electron 

beam tunnel equipped with one or more tunable electron beam generators 

capable of variably generating low-energy beta radiation, and capable of 

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 

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 

20 · from beta radiation. 

25 

30 

R The method of claim 7, whereln 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. 

9. The method of Claim 7, wherein the prefilled container is a vial filled with a 

solution or solid otherwise sensitive to sterilization treatment by gamma radiation, 

sterilization treatment by exposure to steam, and sterilization treatment by 

exposure to vaporizing agents, gases or peroxide forming substances. 
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6. The method of Claim 1, wherein the post—decontamination. measure includes

applying ultraviolet rays following the duration of treatment with vaporized—

hydrogen peroxide, thereby inactivating oxidative action of hydrogen peroxide

5 vapors.

7. A method for surface decontamination of a prefilled container in secondary

packaging, Comprising:

presenting a prefilled container in a secondary package to an electron

10 beam tunnel equipped with one or more tunable electron beam generators

capable of variably generating low-energy beta radiation, and capable of

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

15 generators 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, such that beta radiation is allowed to penetrate the secondary

package while the thickness of the prefilled container shields the contents therein

20 from beta radiation.

8, The method of claim 7, 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

25 in the container to less than 0.1 kGy.

9. The method of Claim 7, wherein the prefilled container is a vial filled with a

solution or solid otherwise sensitive to sterilization treatment by gamma radiation,

sterilization treatment by exposure to steam, and sterilization treatment by

30 exposure to vaporizing agents, gases or peroxide forming substances.
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10. The method of Claim 7, wherein the prefifled container is a syringe filled with a 

solution otherwise sensitive to sterilization treatment by gamma radiation, 

sterilization treatment by exposure to steam, and sterilization treatment by 

exposure to vaporizing agents and gases or peroxide forming substances. 

11. The method of Claim 7, wherein the prefilled container is a syringe containing a 

therapeutically effective amount of ranibizumab. 

12. The method of Claim 7, wherein the penetration depth is measured by 

1 o dosimetry. 

15 

13. The method of Claim 7, 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. 

14. The method of Claim 7, wherein sufficient energy to decontaminate a surface of 

a prefilled container is that which provides a dose of beta radiation yielding a 1 o-6 
Sterility Assurance Level of the outside of the container surface. 

20 -~ 15. A system for decontaminating a surface of a prefilled container in secondary 

25 

30 

~ -
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 

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; and (iii) cause a post-decontamination measure to occur to 

reduce the presence of vaporized-hydrogen peroxide in the chamber, thereby 

preventing vaporized-hydrogen peroxide from diffusing into the prefilled 

container. 
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10.The method of Claim 7, wherein the prefilled container is a syringe filled with a

solution othenivise sensitive to sterilization treatment by gamma radiation,

sterilization treatment by exposure to steam, and sterilization treatment by

exposure to vaporizing agents and gases or peroxide forming substances.

11. The method of Ciaim 7, wherein the prefilled container is a syringe containing a

therapeutically effective amount of ranibizumab.

12. The method of Claim 7, wherein the penetration depth is measured by

dosimetry.

13. The method of Claim 7, 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.

14.The method of Claim 7, wherein sufficient energy to decontaminate a surface of

a prefilled container is that which provides a dose of beta radiation yielding a 105

Sterility Assurance Level of the outside of the container surface.

15. 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

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; and (iii) cause a post—decontamination measure to occur to

reduce the presence of vaporized-hydrogen peroxide in the chamber, thereby

preventing vaporized-hydrogen peroxide from diffusing into the prefilled

container.
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16. A system for surface-decontaminating a prefilled container in secondary 

packaging, the system comprising: an electron-beam tunnel equipped with one or 

more tunable-electron beam generators, the tunable-electron-beam generators, 

configured to (i) variably generate low-energy beta radiation, (ii) oscillate the 

5 electron beams such that a larger surface of a prefilled container is exposed to 

electron beams; and (iii) 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, such that beta 

IO radiation is allowed to penetrate the secondary package while the thickness of 

the prefilled container shields the contents therein from beta radiation. 

17. 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 

15 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-

20 -~ hydrogen peroxide in the chamber, thereby preventing vaporized-hydrogen 
~ -

peroxide from diffusing into the prefilled container. 

18. A kit for surface-decontaminating a prefilled container in secondary packaging, 

25 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 

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 

30 such that beta radiation is allowed to penetrate the secondary package while the 
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A system for surface-decontaminating a prefilled container in secondary

packaging, the system comprising: an electron-beam tunnel equipped with one or

more tunable-electron beam generators, the tunable—electron-beam generators,

configured to (i) variably generate lowhenergy beta radiation, (ii) osciliate the

electron beams such that a larger surface of a prefilled container is exposed to

electron beams; and (iii) 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, 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.

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

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 prefilied—container surface for a

predeterrnined time within the sealed chamber; and (iii) cause a post-

decontamination measure to occur to reduce the presence of vaporized—

hydrogen peroxide in the chamber, thereby preventing vaporized-hydrogen

peroxide from diffusing into the prefiiled container.

A kit for surface-decontaminating a prefilled container in secondary packaging,

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

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
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thickness of the prefil!ed container shields the contents therein from beta 

radiation. 
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thickness of the prefilied container shields the contents therein from beta

radiation.
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ABSTRACT 
Methods and systems for the terminal sterilization and surface decontamination 

of prefilled containers containing sensitive drug products, such as biotech drug products 

that are otherwise temperature or radiation sensitive, and thus not suitable for terminal 

5 sterilization by classical methods involving steam or gamma rays. The methods and 

systems are especially suited for prefilled containers in secondary packaging. Methods 

include terminal sterilization by exposing prefilled containers in secondary packaging to 

tunable-beta radiation and further include terminal sterilization by exposing prefilled 

containers to controllable vaporized-hydrogen peroxide, including application of 

l O measures to reduce or prevent diffusion of vaporized-hydrogen peroxide into prefilled 

containers. 

15 
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Abstract 

Methods and systems for the terminal sterilization and surface decontamination of 

prefilled containers containing sensitive drug products, such as biotech drug products that are 

otherwise temperature or radiation sensttive, and thus not suitable for terminal sterilization by 

classical methods involving steam or gamma rays. The methods and systems are especially 

suited for prefilled containers in secondary packaging. Methods include terminal sterilization by 

exposing prefilled containers in secondary packaging to tunable-beta radiation and further 

include terminal sterilization by exposing prefilled containers to controllable vaporized-hydrogen 

peroxide, including application of measures to reduce or prevent diffusion of vaporized-hydrogen 

peroxide into prefilled containers. 
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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the 

application: 

Listing of Claims: 

1. {Amended) A method for surface decontamination of a prefilled container in secondary 

packaging, comprising: 

applying vaporized-hydrogen peroxide to the surface of the prefilled container in 

secondary packaging; 

allowing vaporized-hydrogen peroxide to remain in contact with the prefilled 

container surface for a sufficient time to decontaminate the prefilled container surface; 

and 

causing a post-decontamination measure to occur to reduce the presence of 

vaporized-hydrogen peroxide, thereby preventing vaporized-hydrogen peroxide from 

diffusing into the prefilled container. wherein the prefilled container contains a drug 

product otherwise sensitive to steriljzatjon treatment by gamma radiation, sterilization 

treatment by exposure to steam, and sterilization treatment by exposure to vaporizing 

agents and gases. 

2. (Original) 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. 

3. (Amended) The method of claim 1 er slaim a, wherein the prefilled container is a syringe 

containing a therapeutically effective amount of ranibizumab. 

4. (Amended) The method of aRy pre"ieus claim 1, wherein sufficient time to 

decontaminate the surface of the prefilled container is determined by validation of 

treatment times and compared to a control standard. 

5. (Amended) The method of afly pFe·,ieus claim 1, wherein the post-decontamination 

measure includes applying a vacuum following the duration of treatment with vaporized

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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6. (Amended) The method of aRY--8f clairne--4-4- 1, wherein the post-decontamination 

measure includes applying ultraviolet rays following the duration of treatment with 

vaporized-hydrogen peroxide, thereby inactivating oxidative action of hydrogen peroxide 

vapors. 

7. (Amended) The method of ooy-ef claim&-4--4- 1, wherein the post-decontamination 

measure includes gas plasma treatment. 

8. (Original) A method for surface decontamination of a preftlled container in secondary 

packaging, comprising: 

presenting a prefilled container in a secondary package to an electron beam 

tunnel equipped with one or more tunable electron beam generators capable of variably 

generating low-energy beta radiation, and capable of 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 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. 

9. (Original) 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. 

10. (Amended) The method of claim 8 er elaim Q, wherein the prefilled container is a vial 

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

radiation, sterilization treatment by exposure to steam, and sterilization treatment by 

exposure to vaporizing agents, gases or peroxide forming substances. 

11. (Amended) The method of any eno ef alaims 8 1 Q claim 8, wherein the prefilled container 

is a syringe filled with a solution otherwise sensitive to sterilization treatment by gamma 

radiation, sterilization treatment by exposure to steam, and sterilization treatment by 

exposure to vaporizing agents and gases or peroxide forming substances. 
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12. (Amended} The method of aRy ene ef slaims 8 11 claim 8, wherein the prefilled 

container is a syringe containing a therapeutically effective amount of ranibizumab. 

13. (Amended) The method of any ene ef slaims 8 12 claim 8, wherein the penetration 

depth is measured by dosimetry. 

14. (Amended) The method of aR'/ 8RO ef slaims 8 13 claim 8, 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. 

15. (Amended) The method of any ene of slaims 3 14 claim 8, wherein sufficient energy to 

decontaminate a surface of a prefilled container is that which provides a dose of beta 

radiation yielding a 1 o-e Sterility Assurance Level of the outside of the container surface. 

16. (Amended) 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 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; and (iii) cause a 

post-decontamination measure to ·occur to reduce the presence of vaporized-hydrogen 

peroxide in the chamber, thereby preventing vaporized-hydrogen peroxide from diffusing 

into the prefilled container. wherein the prefilled container contains 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. 

17. (Original) A system for surface-decontaminating a prefilled container in secondary 

packaging, the system comprising: an electron-beam tunnel equipped with o~e or more 

tunable-electron beam generators, the tunable-electron-beam generators, configured to 

{i) variably generate low-energy beta radiation, (ii) oscillate the electron beams such that 

a larger surface of a prefilled container is exposed to electron beams; and (iii) 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, 

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. 
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18. (Original) 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 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-hydrogen peroxide in the chamber, thereby preventing vaporized

hydrogen peroxide from diffusing into the prefilled container. 

19. (Original) A kit for surface-decontaminating a prefilled container in secondary packaging, 

the kit comprising: an instruction for (i) va·riably generating low-energy beta radiation to 

contact the surface of the prefilled container; and (ii) 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 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. 

20. (Amended) A system according to claim 16 or a kit asserding ta slaim 1Q, wherein post

decontamination measure includes gas plasma treatment. 

21. (New) A kit according to claim 19, wherein post-decontamination measure includes gas 

plasma treatment. 

22. (New) The method of claim 1, wherein the drug product is a protein solution. 
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Attorney Docket No. 62106.00039 

Surface Decontamination of Prefilled Containers 
in Secondary Packaging 

FIELD OF THE INVENTION 

5 I This invention relates to a method and system for terminal sterilization of the 

10 

outer surface and/or surface decontamination of prefilled containers in secondary 

packaging, wherein the prefilled container contains a pharmaceutical or biological drug 

product. 

BACKGROUND 

Prefilled containers are a type of medical device that are filled by the 

manufacturer at the time of assembly and provided to the end user, generally a health

care provider or a patient requiring treatment, in a sterile condition. 

Prefilled containers offer several advantages over traditional packaging of 

therapeutics, including ease of use, reduced risk of contamination, elimination of dosing 

15 errors, increased drug supply and reduced waste. Of the various types of prefillecl 

containers, prefilled syringes are the most common and best suited for parenteral 

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. 1200 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 

masslve amounts of peroxides tn aqueous Bo!utlons tha.t in a secondary reaction turther 

Vionlgomery, McCracken, V✓alker & Rhoads, LLP 
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Surface Decontamination of Prefiiled Containers

in Secondary Packaging '

FIELD OF THE INVENTION

This invention relates to a method and system for terminal sterilization of the

outer surface and/or surface decontamination of prefilled containers in secondary

packaging, wherein the prefilled container contains a pharmaceutical or biological drug

product.

BACKGROUND

Prefiiled containers are a type of medical device that are filled by the

manufacturer at the time of assembly and provided to the end user, generally a health-

care provider or a patient requiring treatment, in a sterile condition.

Prefiiled containers offer severai advantages over traditional packaging of

therapeutics, including ease of use, reduced risk of contamination, elimination of dosing

errors, increased drug supply and reduced waste. Of the various types of prefilled

containers, prefilled syringes are the moSt common and best suited for parenteral

administration of therapeutic products.

Various methods of sterilization of medical devices are known, but not ail

methods work with syringes, especially syringes prefilled with a drug or protein solution.

Steam sterilization is commonly employed for sterilizing medical devices, which

typically invoives 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 filied into the device. Steam

sterilization may compromise the aesthetics of the product due to packaging

degradation from high temperature steam treatment. Moreover, the high temperatures

of the process (eg. 1 20° 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.

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 aqueous soiutions that in a secondary reaction further

Montgomery, McCracken, Walkenfi Rhaads, LLP 4;
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may damage the active ingredient. Further, sterilizing doses of gamma rays cause a 

brown discoloration of glass parts of the device, and is prone to damage elastomeric 

materials like plunger stoppers. This destruction of the elastomers leads top increased 

stickiness of the components thus impairing the functionality of the system. Thus 

5 radiation is not an appropriate means for sterilizing prefilled containers, such as 

syringes, containing a biotech drug product. 

Cold sterilization is a term collectively used for sterilization methods carried out at 

temperatures substantially below the steam process; attempts have been made to use 

ethylene oxide and hydrogen peroxide vapors as sterilants for this treatment. 

10 Treatment with sterilizing gasses, however, bears the risk of insufficient removal of the 

oxidizing gas. Diffusion of gas into the product container affects the stability of the drug 

product through chemical modification by gas vapors, such as alkylation and oxidation. 

Prefilled syringes, although filled under aseptic conditions, are not packed into 

their secondary packaging in an aseptic environment and are therefore likely to be 

15 microbiologically contaminated at their outside. Terminal sterilization of prefilled 

containers in secondary packaging is one way to provide the device to an end user with 

a low bio-burden and low risk of contaminants, for safe application of the product by the 

end user. Moreover there is a strong market need for terminally antimicrobially-treated 

medical devices, such as prefilled syringes used for intravitreal injections. 

20 Due to the sensitive nature of certain drug products, such as proteins, it is not 
~ -

possible to perform terminal sterilization and surface decontamination of containers 

filled with such products using current methods, like steam, irradiation or cold 

sterilization. Specifically, high temperatures are known to denature proteins and 

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 effects 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 wifl be more and more developed for 

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

Montgomery, McCracken, Walkl!'r & Rhoads, LLP 
215-iT,::-i 500 
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may damage the active ingredient. Further, sterilizing doses of gamma rays cause a

brown discoloration of glass parts of the device, and is prone to damage elastomeric

materials like plunger stoppers. This destruction of the elastomers leads top increased

stickiness of the components thus impairing the functionality of the system. Thus

radiation is not an appropriate means for sterilizing prefilled containers, such as

syringes, containing a biotech drug product.

Cold sterilization is a term collectively used for sterilization methods carried out at

temperatures substantially below the steam process; attempts have been made to use

ethylene oxide and hydrogen peroxide vapors as sterilants for this treatment.

Treatment with sterilizing gasses, however, bears the risk of insufficient removal of the

oxidizing gas. Diffusion of gas into the product container affects the stability of the drug

product through chemical modification by gas vapors, such as alkylation and oxidation.

Prefiiled syringes, although filled under aseptic conditions, are not packed into

their secondary packaging in an aseptic environment and are therefore likely to be

microbiologically contaminated at their outside. Terminal sterilization of prefilled

containers in secondary packaging is one way to provide the device to an end user with

a low bio-burden and low risk of contaminants, for safe application of the product by the

end user. Moreover there is a strong market need for terminally antimicrobially-treated

medical devices, such as prefilled syringes used for intravitreal injections.

Due to the sensitive nature of certain drug products, such as proteins, it is not

possible to perform terminal sterilization and surface decontamination of containers

filled with such products using current methods, like steam, irradiation or cold

sterilization. Specifically, high temperatures are known to denature proteins and

gamma radiation has been shown to chemically modify biological solutions. Radiation

techniques, such as sterilization using gamma or beta radiation causes discoloring of

packaging material and effects 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.

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

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

Montgomery, McCracken, Walker & Rhoads, LLP 2
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decontamination method that is not harmful to the drug product will continually increase 

in the near future. Moreover, as regulatory agencies may require higher levels of sterifity 

assurance, pharmaceutical and biotech companies will seek alternative procedures to 

approach or meet mandated-microbiological purity levels, without compromising the 

5 safety and efficacy of pharmaceutical preparations. 

SUMMARY 

Described herein is a terminal sterilization and surface decontamination 

treatment of prefilled containers, specifically for sterilization of prefilled containers 

1 O containing sensitive solutions, such as a drug product or biological therapeutic, within 

secondary pack.aging. In one embodiment, terminal sterilization is achieved by treating 

prefilled containers within secondary packaging with controllable vaporized-hydrogen 

peroxide (VHP). The principle is the formation a vapor of hydrogen peroxide in 

containment and a subsequent removal or inactivation of vapors in a controlled manner. 

15 Prior to removal or inactivation, VHP condenses on all surfaces, creating a microbicidal 

film that decontaminates the container surface. 

It has been discovered that by varying the parameters of the antimicrobial 

treatment, for example - temperature, humidity, treatment duration, pressure, etc., 

conditions are generated that prevent the leaching of VHP into the syringes. As an 

20 -~ example, the application of a vacuum at the end of the treatment will inverse the 
~ -

diffusion direction and reduce, if not stop, leaching of hydrogen peroxide through the 

rubbers. Prevention or reduction of leaching of detrimental concentrations of hydrogen 

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 

25 compromised. 

Further described herein is terminal sanitization or sterilization and surface 

decontamination of prefilled containers within secondary packaging by tunable electron 

beam (low-energy beta-ray) irradiation technologies as an alternative to aseptic 

inspection and aseptic secondary packaging operations. 

30 In one embodiment, the use of low penetration depth radiation from a low-energy 

electron beam generator for a new application to sterilize the surface of secondary 

Montgomery, McCracken, Walker & Rhoads, LLP 
L1'5-772-1b00 

Regeneron Exhibit 1068.249 
Regeneron v. Novartis 

IPR2020-01317

10

15

20 "

25

30

  

Ammay Docket NO, 62105. 00039

decontamination method that is not harmful to the drug product will continually increase

in the near future. Moreover, as regulatory agencies may require higher levels of sterility

assurance, pharmaceutical and biotech companies will seek alternative procedures to

approach or meet mandated-microbiological purity levels, without compromising the

safety and efficacy of pharmaceutical preparations.

SUMMARY

Described herein is a terminal sterilization and surface decontamination

treatment of prefilled containers, specifically for sterilization of prefilled containers

containing sensitive solutions, such as a drug product or biological therapeutic, within

secondary packaging. in one embodiment, terminal sterilization is achieved by treating

prefilled containers within secondary packaging with controllable vaporized-hydrogen

peroxide (VHP). The principle is the formation a vapor of hydrogen peroxide in

containment and a subsequent removal or inactivation of vapors in a controlled manner.

Prior to removal or inactivation, VHP condenses on all surfaces, creating a microbicidal

film that decontaminates the container surface.

it has been discovered that by varying the parameters of the antimicrobial

treatment, for exampie — temperature, humidity, treatment duration, pressure, etc,

conditions are generated that prevent the leaching of VHP into the syringes. As an

example, the application of a vacuum at the end of the treatment will inverse the

diffusion direction and reduce, if not stop, leaching of hydrogen peroxide through the

rubbers. Prevention or reduction of leaching of detrimental concentrations of hydrogen

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.

Further described herein is terminal sanitization or sterilization and surface

decontamination of prefilled containers within secondary packaging by tunable eiectron

beam (low—energy beta—ray) irradiation technologies as an alternative to aseptic

inspection and aseptic secondary packaging operations.

in one embodiment, the use of low penetration depth radiation from a low-energy

electron beam generator for a new application to steriiize the surface of secondary
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packaged drug product containers avoids aseptic packaging. In another embodiment, 

the penetration depth of electron beam radiation is tunable by adjustment of the 

accelerator voltage of the irradiation generator. 

Generally, the concepts presented herein are applicable to all drug products 

5 having requirements or desirability for absence of viable organisms of the drug product 

container surface. The method and system described herein decontaminate or, more 

preferably render sterile an outside surface of primary packaged drug products within a 

secondary pack, thereby improving safety of products for critical administration (e.g. use 

in a surgical suite or for intravitreal injections). 

Io The foregoing summary provides an exemplary overview of some aspects of the 

invention. It is not intended to be extensive, or absolutely require any key/critical 

elements of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 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 

decontaminated on surfaces according to the methods detailed herein. 

20' Fig. 2 illustrates a block diagram of an exemplary system for surface 

25 

~ -
decontamination of prefi!led 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. 

DETAILED DESCRIPTION 

The method and system described herein are for the sterilization and surface 

decontamination of prefilled containers containing sensitive solutions, such as drug 

products that are otherwise temperature or radiation sensitive or are sensitive to traces 

of oxidizing substances, and thus not suitable for terminal sterilization by classical 

30 methods involving steam, gamma or beta rays or sterilization with oxidizing gases or 

liquids. The method and system described herein are especially suited for prefi!ied 
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packaged drug product containers avoids aseptic packaging. in another embodiment.

the penetration depth of electron beam radiation is tunable by adjustment of the

accelerator voltage of the irradiation generator.

Generally, the concepts presented herein are applicable to all drug products

having requirements or desirability for absence of viable organisms of the drug product

container surface. The method and system described herein decontaminate or, more

preferably render sterile an outside surface of primary packaged drug products within a

secondary pack, thereby improving safety of products for critical administration (eg. use

in a surgical suite or for intravitreal injections).

The foregoing summary provides an exemplary overview of some aspects of the

invention. It is not intended to be extensive, or absolutely require any key/critical

elements of the invention.

BRIEF DESCRIPTION OF THE DRAWlNGS

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 prefiiled container in secondary packaging that is

decontaminated on surfaces according to the methods detailed herein. _

Fig. 2 illustrates a block diagram of an exemplary system for surface

decontamination ofdprefiiled 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.

DETAILED DESCRIPTION

The method and system described herein are for the sterilization and surface

decontamination of prefilled containers containing sensitive solutions, such as drug

products that are othenNise temperature or radiation sensitive or are sensitive to traces

of oxidizing substances, and thus not suitable for terminal sterilization by classical

methods involving steam, gamma or beta rays or sterilization with oxidizing gases or

liquids. The method and system described herein are especially suited for prefiiied
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containers that have been filled under aseptic conditions and been subject to additional 

processing, such as product labeling and subsequent secondary packaging. Methods 

include terminal sterilization and surface decontamination by exposing prefilled 

containers in secondary packaging to tunable-beta radiation and further include terminal 

5 sterilization and surface decontamination by exposing prefilled containers to controllable 

vaporized-hydrogen peroxide, including measures to reduce or prevent the diffusion of 

vaporized-hydrogen peroxide into prefilled containers. 

Definitions 

In describing and claiming the terminal sterilization and surface decontamination 

Io method, the following terminology will be used in accordance with the definitions set 

forth below. 

"Aseptic" conditions refer to conditions free of bacterial or microbial 

contamination. 

"Administration" refers to the method of administering treatment to a subject or 

15 patient in need thereof, such as parenteral administration, intravenous administration 

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 

20 ' out at temperatures below those used for steam sterilization, such as autoclavation. 
~ -

"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 

solid or liquid form, and other biological agents, such as peptides, proteins or 

recombinant biologicals, whether in solid or liquid form. Containers may be reusable or 

25 disposable, and may have a medical, veterinary or non-medical purpose. "Prefilled 

container", refers to a container, such as a syringe, that is filled with a solution at the 

time of assembty and packaging and is deliverable for use to an end user, such as a 

health care professional or a patient needing treatment. 

30 

Instructional Material 

An "instruction" or "instructional material" includes a publication, a recording, a 

diagram, or any other medium of expression which can be used to communicate the 
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containers that have been filled under aseptic conditions and been subject to additional

processing, such as product iabeling and subsequent secondary packaging. Methods

include terminal sterilization and surface decontamination by exposing prefilled

containers in secondary packaging to tunable-beta radiation and further include terminal

sterilization and surface decontamination by exposing prefilled containers to controllable

vaporized-hydrogen peroxide, including measures to reduce or prevent the diffusion of

vaporized—hydrogen peroxide into prefilled containers.

Definitions

In describing and claiming the terminal sterilization and surface decontamination

method, the following terminology will be used in accordance with the definitions set

forth below.

“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

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.

“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

solid or liquid form, and other biological agents, such as peptides, proteins or

recombinant biologicals, whether in solid or liquid form. Containers may be reusable or

disposable, and may have a medical, veterinary or non—medical purpose. “Prefilled

container”, refers to a container, such as a syringe, that is filled with a solution at the

timed assembly and packaging and is deliverable for use to an end user, such as a

health care professional or a patient needing treatment.

Instructional Material

An “instruction” or "instructional material" includes a publication, a recording, a

diagram, or any other medium of expression which can be used to communicate the
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usefulness of the method or system of the invention for its designated use. The 

instruction or instruction material may be presented together as part of the system or 

provided separately, or independently of the process, to an end user. 

"Isolation", as used herein refers to practices in pharmaceutical production, filling 

5 and packaging, wherein a clean, or sterile environment, is separated from a non-sterile 

environment to limit or prevent the introduction or spread or contamination of infectious 

agents, such as microorganisms. 

"Medical device", as used herein, refers to a device used for administering 

medical treatment and whose production or sale must, in part, comply with 

10 requirements, such as safety requirements, set forth by a government agency, such as 

the Food and Drug Administration. 

"Solution" as used herein refers to the contents of a container like a vial or a 

prefilled syringe and includes solutions of biological therapeutics and drug products, 

protein products, peptide products, biological products, imaging solutions and aqueous 

15 solutions. Ideally, solutions are those that are temperature, oxidation or radiation 

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. 

20 ·· "Terminal-antimicrobial-surface treatment'' refers to sanitization or sterilization of 
~ -

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 

secondarily packaged prefilled container to be provided in sterile outside condition at its 

point of use. 

25 "Vaporized-hydrogen peroxiden refers to hydrogen peroxide in vapor form 

30 

capable of creating a microbicidal film on a surface, such as the surface of a container 

or packaging material. 

The terms "sterilization", "decontamination", "sanitization", "antimicrobial 

treatment" are used interchangeably herein. 

"Sterility'' as used herein is meant to refer to complete absence of microbial life 

as defined by a probability of nonsterility or a stermty assurance level (SAL). The SAL 
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usefulness of the method or system of the invention for its designated use. The

instruction or instruction material may be presented together as part of the system or

provided separately, or independently of the process, to an end user.

“Isolation”, as used herein refers to practices in pharmaceuticai production, filling

and packaging, wherein a clean, or sterile environment, is separated from a non-sterile

environment to limit or prevent the introduction or spread or contamination of infectious

agents, such as microorganisms.

“Medical device”, as used herein, refers to a device used for administering

medical treatment and whose production or sale must, in part, comply with

requirements, such as safety requirements, set forth by a government agency, such as

the Food and Drug Administration.

“Solution" as used herein refers to the contents of a container like a vial or a

prefilled syringe and includes solutions of bioiogical 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

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—antimicrobiai—surface treatment” refers to sanitization or sterilization of

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

in secondary packaging. Terminai-antimicrobiai treatment, or sterilization, allows a

secondarily packaged prefilled container to be provided in sterile outside condition at its

point of use.

“Vaporized-hydrogen peroxide” refers to hydrogen peroxide in vapor form

capable of creating a microbicidal film on a surface, such as the surface of a container

or packaging material.

The terms “sterilization”, “decontamination , sanitization”, “antimicrobial

treatment" are used interchangeably herein.

“Sterility” as used herein is meant to refer to complete absence of microbiai life

as defined by a probability of nonstarility or a steriiity assurance ievel (SAL). The SAL
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for a given product is based on regulatory requirements. For example, SALs for health 

care products are defined to be at least 10-6, i.e. a chance of less than 1 :1 million of a 

non-sterile product for aseptically and terminally processed products, respectively. 

Reference herein to "one embodiment" or "an embodiment" means that a 

5 particular feature, structure, operation or characteristic described in connection with the 

embodiment is included in at least one embodiment of the invention. Thus, the 

appearances of such phrases or fonnulations herein are not necessarily referring to the 

same embodiment. Furthermore, various particular features, structures, operations or 

characteristics may be combined in any suitable manner in one or more embodiments. 

10 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 

environment. Terminal sterilization of a product provides greater assurance of sterility 

15 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. 

-~ 
20 

Described herein are terminal-sterilization methods suitable for prefilled 

containers containing sensitive products, such as biotech (biological) drug solutions, 

which can otherwise be compromised when using classical terminal sterilization 
~ 

processes, such as steam, gamma irradiation or cold sterilization processes currently 

used in pharmaceutical production and assembly lines. While reference is given to drug 

products, such as heat or radiation-sensitive drug solutions containing biologicals such 

as peptides or proteins, it will be understood by those skilled in the art that any suitable 

25 drug product that is considered a therapeutic agent, whether in solution or solid form, 

can be housed - or contained - in a prefilled container. Thus, the prefilied container 

itself is not drug specific. 

It has now been discovered that treatment of prefilled containers in secondary 

packaging by an application of vaporized-hydrogen peroxide, in which vapors are 

30 controllable by certain post-treatment measures, and exposure to tunable-beta 

radiation, in which the depth of penetration of beta rays into secondary packaging are 
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for a given product is based on regulatory requirements. For example, SALs for health

care products are defined to be at least 105, Le. a chance of less than 1:1 million of a

non-sterile product for aseptically and terminally processed products, respectively.

Reference herein to “one embodiment" or “an embodiment" means that a

particular feature, structure, operation or characteristic described in connection with the

embodiment is included in at least one embodiment of the invention. Thus, the

appearances of such phrases or formulations herein are not necessarily referring to the

same embodiment. Furthermore, various particular features, structures, operations or

characteristics may be combined in any suitable manner in one or more embodiments.

Terminal sterilization and surface decontamination ofprefilled containers

Terminai 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

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

containers containing sensitive products. such as biotech (biological) drug solutions,

which can otherwise be compromised when using ciassicai terminal sterilization

processes, such as‘steaAm, gamma irradiation or coid sterilization processes currently

used in pharmaceutical production and assembly lines. While reference is given to drug

products, such as heat or radiation-sensitive drug solutions containing bioiogicais such

as peptides or proteins, it will be understood by those skilled in the art that any suitable

drug product that is considered a therapeutic agent, whether in solution or solid form,

can be housed — or contained — in a prefilled container. Thus, the prefilled container

itself is not drug specific.

It has now been discovered that treatment of prefilled containers in secondary

packaging by an application of vaporized—hydrogen peroxide, in which vapors are

controllable by certain post-treatment measures, and exposure to tunable-beta

radiation, in which the depth of penetration of beta rays into secondary packaging are
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controllable, are ideal for surface decontamination of prefilled containers, yet not 

harmful to the stability or integrity of the contents of the prefilled container. 

The methods and embodiments described herein are suitable for use in 

pharmaceutical production and packaging in isolation or outside of isolation. 

5 Furthermore, the methods described herein are adaptable to different container formats 

or types, with minimal incremental costs to production plant design. A system is also 

provided which allows for surface decontamination of prefHled containers in secondary 

packaging, as wetl as a kit comprising instructional material for practicing the method 

and system described herein. 

10 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 

understood by those skilled in the art that various containers, other than a syringe, are 

15 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. 

In one embodiment, the prefilled container is a syringe. Other suitable prefilled 

20 -~ containers include vials, bottles, bags and other medical devices capable of containing 
" -

a sterile solution or a solution requiring sterilization. 

In one embodiment, the syringe is filled with a drug product, such as in the form 

of liquid, solution, powder or solid. In another embodiment the drug product is a solution 

such as a drug solution or protein solution that is otherwise sensitive to exposure to high 

25 temperatures, such as those used in steam sterilization, and ionizing energy, such as 

gamma or beta rays and oxidizing gasses. In yet another embodiment the drug product 

is one that has been lyophilized, in other words a solid, and requires constitution in 

liquid or solution prior to use. 

In another embodiment, a solution is any drug product having requirements or 

30 desirability for sterility of the drug product container surface. In one particular 
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controllable, are ideal for surface decontamination of prefilled containers, yet not

harmful to the stability or integrity of the contents of the prefilled container.
The methods and embodiments described herein are suitable for use in

pharmaceutical production and packaging in isolation or outside of isolation.

Furthermore, the methods described herein are adaptable to different container formats

or types, with minimal incremental costs to 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

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 tunabie-beta radiation as

described herein. Fig. 1 shows one exemplary prefilled container, however. it will be

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.

In one embodiment, the prefilled container is a syringe. Other suitable prefilled

containers include vials, bottles, bags and other medical devices capabie of containing

a sterile solution or‘a solution requiring sterilization.

in one embodiment, the syringe is filled with a drug product, such as in the form

of liquid, solution, powder or solid. In another embodiment the drug product is a solution

such as a drug solution or protein solution that is otherwise sensitive to exposure to high

temperatures, such as those used in steam sterilization, and ionizing energy, such as

gamma or beta rays and oxidizing gasses. in yet another embodiment the drug product

is one that has been lyophilized, in other words a solid, and requires constitution in

liquid or solution prior to use.

In another embodiment, a solution is any drug product having requirements or

desirability for sterility of the drug product container surface. In one particular
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embodiment, the drug product is a protein solution, such as ranibizumab (e.g. 6mg/ml or 

1 O mg/ml) solution for intravitreal injection. 

In one embodiment, the container is filled with solution under aseptic conditions, 

whether by an automated or manual process. Thus, the contents of the container are 

5 sterile and unaffected by surface decontamination methods as described herein. The 

term "filled" is meant to refer to the placement of contents, such as solution, into the 

container in an appropriate amount, such as an appropriate volume or appropriate 

concentration. The appropriate amount, volume or concentration will vary depending on 

the nature of the contents and their intended use. 

Io 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 

secondary packaging includes wrappings, such as paper, plastic or foil, and blister 

packs impermeable for microbes. 

15 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, 

prefilled container surfaces enclosed in a secondary packaging decontaminated by the 

methods described herein can be presented to, and opened within, a critical or sterile 

20-· environment, such as a surgical suite. 
~ -

In one embodiment, terminal sterilization and surface decontamination of prefilled 

containers within secondary packaging is carried out by treating surfaces of the prefilled 

container within secondary pack.aging with vaporized-hydrogen peroxide and applying 

post-treatment measures, within a decontamination chamber. A suitable 

25 decontamination chamber is any chamber, such as an autoclave, that has the means 

for reversibly sealing a closed environment and equipped with means of manipulating 

pressure, temperature, infiow and outflow of air within the chamber. Additional elements 

of a suitable chamber include the means for accommodating treatment by vaporized

hydrogen peroxide and post-treatment measures to reduce or prevent vaporized-

30 hydrogen peroxide from entering into prefilled containers. 
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embodiment, the drug product is a protein solution, such as ranibizumab (eg. 6mg/ml or

10 mg/ml) solution for intravitreal injection. I

in one embodiment, the container is filled with solution under aseptic conditions,

whether by an automated or manual process. Thus, the contents of the container are

5 sterile and unaffected by surface decontamination methods as described herein. The

term “filled” is meant to refer to the placement of contents, such as solution, into the

container in an appropriate amount, such as an appropriate volume or appropriate

concentration. The appropriate amount, volume or concentration will vary depending on

the nature of the contents and their intended use.

10 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 prefiiled container. Suitable

secondary packaging includes wrappings, such as paper, plastic or foil, and blister

- packs impermeable for microbes. I

15 In one embodiment the prefilled container in secondary packaging undergoes

decontamination, such that the contents of the secondary packaging, specificaily the

surfaces of the prefilied container, are decontaminated and terminally steriiized. Thus,

prefilled container surfaces enclosed in a secondary packaging decontaminated by the

methods described herein can be presented to, and opened within, a critical or sterile

20” environment, such as a surgical suite.

in one embodiment, terminal sterilization and surface decontamination of prefilled

containers within secondary packaging is carried out by treating surfaces of the prefilled

container within secondary packaging with vaporized—hydrogen peroxide and applying

post-treatment measures, within a decontamination chamber. A suitable

25 decontamination chamber is any chamber, such as an autoclave, that has the means

for reversibly sealing a closed environment and equipped with means of manipulating

pressure, temperature, inflow and outflow of air within the chamber. Additional elements

of a suitable chamber include the means for accommodating treatment by vaporized-

hydrogen peroxide and post-treatment measures to reduce or prevent vaporized—

30 hydrogen peroxide from entering into prefilled containers.
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In another embodiment, the chamber is configured to accommodate the quantity 

of containers requiring terminal sterilization. Thus, in large-scale production and 

assembly lines, the chamber can be configured to accommodate a large quantity of 

containers, accordingly. 

5 Treatment with vaporized-hydrogen peroxide is brought about by the application 

or release of hydrogen-peroxide-vapors within the decontamination chamber. In one 

embodiment, vapors of hydrogen peroxide are controllable, in other words, certain post

treatment measures are applied to manipulate or control the action of vaporized

hydrogen peroxide. In one embodiment, post-treatment measures are applied that direct 

10 - or reverse - the direction of vapor diffusion, such that vapors are prevented from 

entering into the prefilled container. 

ln 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 

15 as oxidative action. 

In another embodiment, terminal sterilization and surface decontamination of 

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 

packaging is decontaminated by an adjustment of accelerator voltage of an irradiation 

20 generator to provide beta radiation of a sufficient dose to penetrate secondary 
~ -

packaging without penetrating primary packaging. 

In another embodiment, the accelerator voltage required to deliver the 

appropriate amount of beta radiation to decontaminate the surface of prefilled 

containers depends on the thickness of secondary packaging materials. For example, in 

25 one embodiment, suitable packaging materials are less than or equal to 0.05 mm 

thickness. 

In another embodiment a combination of secondary and primary packaging 

components, accelerator voltage, irradiation plant design and throughput speed allow 

surface decontamination of a prefilled container in secondary packaging, while almost 

30 completely shielding contents of the prefilled container by primary packaging materials. 
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in another embodiment, the chamber is configured to accommodate the quantity

of containers requiring terminal sterilization. Thus, in large-scale production and

assembly lines, the chamber can be configured to accommodate a large quantity of

containers, accordingly.

Treatment with vaporized-hydrogen peroxide is brought about by the application

or release of hydrogen—peroxide-vapors within the decontamination chamber. In one

embodiment, vapors of hydrogen peroxide are controllable, in other words, certain post-

treatment measures are applied to manipulate or control the action of vaporized-

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 prefiiled container.

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 inciude inactivating vaporized-hydrogen peroxide action, such

as Oxidative action.

in another embodiment, terminal sterilization and surface decontamination of

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

packaging is decontaminated by an adjustment of accelerator voltage of an irradiation

generator to provide beta radiation of a sufficient dose to penetrate secondary

packaging without penetrating primaw packaging.

in another embodiment, the accelerator voltage required to deliver the

appropriate amount of beta radiation to decontaminate the surface of prefilled

containers depends on the thickness of secondary packaging materials. For example, in

one embodiment, suitable packaging materials are less than or equal to 0.05 mm

thickness.

in another embodiment a combination of secondary and primary packaging

components, accelerator voltage, irradiation plant design and throughput speed allow

surface decontamination of a prefilled container in secondary packaging, while almost

completeiy shielding contents of the prefilled container by primary packaging materials.
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In one embodiment, a suitable primary packaging is a syringe capable of 

shielding irradiation sensitive solution contained within. Shielding can be provided by 

thickness of the container or the material components of the container. Shielding 

effectiveness can be determined by adjustment of the accelerator voltage and thus the 

5 depth of penetration of the beta rays emitted onto the prefilled container. Furthermore, 

shielding is determined by measuring the absorbed dosage, such as with a dosimeter. 

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 

IO during further. packaging and product labeling using standard pharmaceutical packaging 

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 

15 conditions and labeled and packaged into secondary packaging by a manual or 

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 

container in secondary packaging is introduced, either by a manual process or 

automated process, or a combination of the two, into the electron beam tunnel via an 

20 ·' inlet and transported for all or a portion of time through the e-beam tunnel to an outlet 
~ -

as the surfaces of prefilled containers in secondary packaging are exposed to low-

energy beta radiation. In another embodiment, prefilled containers in secondary 

packaging remain stationary for all or a portion of time as the surfaces of prefilled 

containers in secondary packaging are exposed to low-energy beta radiation. In 

25 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 another embodiment, the 

chamber for electron beam treatment is open, but shielded to the environment by a 

30 tortuous path of the objects into and out of the chamber. 

Terminal SteriNzation of Preti/led Confa;ner by Vaporized-hydrogen peroxide (Vt-IP) 
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In one embodiment, a suitable primary packaging is a syringe capable of

shielding irradiation sensitive solution contained within. Shielding can be provided by

thickness of the container or the material components of the container. Shielding

effectiveness can be determined by adjustment of the accelerator voltage and thus the

depth of penetration of the beta rays emitted onto the prefilled container. Furthermore,

shielding is determined by measuring the absorbed dosage, such as with a dosimeter.

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

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

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

container in secondary packaging is introduced, either by a manual process or

automated process, or a combination of the two, into the electron beam tunnel via an

inlet and transported for all or a portion of time through the e-beam tunnel to an outlet

as the surfaces of prefilled containers in secondary packaging are exposed to low-

energy beta radiation. In another embodiment, prefilled containers in secondary

packaging remain stationary for all or a portion of time as the surfaces of prefilled

containers in secondary packaging are exposed to low-energy beta radiation. 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 another embodiment, the

chamber for electron beam treatment is open, but shielded to the environment by a

tortuous path of the objects into and out of the chamber.

Terminal Sterilization of Profit/ed Container by Vaporized—hydrogen peroxide (VHF)
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In one embodiment, terminal sterilization of prefilled containers in secondary 

packaging is carried out by antimicrobiaf treatment in a chamber with vaporized

hydrogen peroxide, also referred to as "cold sterilization". 

The various steps, or operations, involved in the sterilization and surface 

5 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 

10 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 

15 either manually or automatically to, and secured within, a decontamination chamber. 

A suitable decontamination chamber is any chamber, such as an autoclave, 

equipped with means for reversibly sealing a closed environment, and equipped with 

means of manipulating pressure, temperature, inflow and outflow of air within the 

chamber. Additional elements of a suitable chamber include means for accommodating 

20 · treatment by VHP and post-treatment measures to reduce or prevent VHP from entering 
~ -

into prefilled containers. 

In one embodiment, hydrogen peroxide vapor is introduced into the chamber, 

either generated within or released within the chamber for a sufficient time to 

decontaminate -or treat - the surface of prefilled containers in secondary packaging. 

25 In another embodiment, application of vaporized-hydrogen peroxide is carried out at 

temperatures below those used for steam sterilization. 

Hydrogen peroxide in liquid form has long been recognized as a disinfectant. 

Koubek U.S. Patent No. 4,512,951 descrfbes a method of sterilization with liquid 

hydrogen peroxide which includes vaporizing an aqueous solution of hydrogen peroxide 

30 and passing the resulting hydrogen peroxide-water vapor mixture into an evacuated 

sterilization chamber where, upon contact with items to be steriHzed, the vapor 
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In one embodiment, terminal sterilization of prefilled containers in secondary

packaging is carried out by antimicrobial treatment in a chamber with vaporized—

hydrogen peroxide, also referred to as “cold sterilization”.

The various steps, or operations, involved in the sterilization and surface

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

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. and secured within, a decontamination chamber.

A suitable decontamination chamber is any chamber, such as an autoclave,

equipped with means for reversibly sealing a closed environment, and equipped with

means of manipulating pressure, temperature, inflow and outflow of air within the

chamber. Additional elements of a suitable chamber include means for accommodating

treatment by VHP and post-treatment measures to reduce or prevent VHP from entering

into prefilled containers:

In one embodiment, hydrogen peroxide vapor is introduced into the chamber,

either generated within or released within the chamber for a sufficient time to

decontaminate —or treat — the surface of prefilled containers in secondary packaging.

In another embodiment, application of vaporized—hydrogen peroxide is carried out at

temperatures below those used for steam sterilization.

Hydrogen peroxide in liquid form has long been recognized as a disinfectant.

Koubek US. Patent No. 4,512,951 describes a method of sterilization with liquid

hydrogen peroxide which includes vaporizing an aqueous solution of hydrogen peroxide

and passing the resulting hydrogen peroxide-water vapor mixture into an evacuated

sterilization chamber where, upon contact with items to be sterilized, the vapor
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condenses to form a layer of liquid hydrogen peroxide on the items. The items to be 

sterilized are maintained at a temperature below the dew point of the hydrogen 

peroxide-water mixture to assure condensation, but the overall chamber temperature 

must be high enough to prevent condensation of the incoming vapor before it reaches 

5 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 

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 

10 maintaining contact between the article and the sterilant at temperatures be.low 80°C 

until sterility is achieved. The lowest temperature disclosed in either the Moore or 

Forstrom patents is 20°C. 

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 

15 molecular integrity of the solutions because hydrogen peroxide vapors that enter the 

container cause chemical modifications of the solution, such as oxidation. 

It has now been discovered that applying post-treatment, or post-application, 

measures reduces or prevents the adverse effects of VHP on sensitive solutions and 

preserve the integrity, and thereby therapeutic efficacy, of otherwise sensitive solutions 

20 ·· in prefilled containers. Post-application measures are ideally those measures that 
~ -

deactivate the oxidizing action of hydrogen peroxide, whether by removing vaporized-

hydrogen peroxide or rendering hydrogen peroxide vapors into an inactive state. 

In one embodiment, leaching of VHP into a prefilled container is prevented by 

application of a vacuum at the end of the antimicrobial treatment in the chamber to 

25 inverse the diffusion direction of hydrogen peroxide vapors. By reversing the direction of 

vapor flow, hydrogen peroxide vapors are prevented from entering the prefilled 

container, thereby maintaining the integrity of the sensitive solution within the container 

while the surface of the container is decontaminated. 

In yet another embodiment, hydrogen peroxide vapors are inactivated, such that 

30 they are incapable of chemicaHy modifying the solution contained in a prefiHed 

container. In another embodiment. post-treatment measures include neutralizing the 
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condenses to form a layer of liquid hydrogen peroxide on the items. The items to be

sterilized are maintained at a temperature below the dew point of the hydrogen

peroxide-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. US. Patent No. 4,169,123 and

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

untii sterility is achieved. The lowest temperature disclosed in either the Moore or

Forstrom patents is 20°C.

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

molecular integrity of the solutions because hydrogen peroxide vapors that enter the

container cause chemical modifications of the solution, such as oxidation.

it has now been discovered that applying post-treatment, or post-application,

measures reduces or prevents the adverse effects of VHP on sensitive solutions and

preserve the integrity, and thereby therapeutic efficacy, of otherwise sensitive solutions

in prefilled containers. Post-application measures are ideally these measures that

deactivate the oxidizingiaction of hydrogen peroxide, whether by removing vaporized-

hydrogen peroxide or rendering hydrogen peroxide vapors into an inactive state.

In one embodiment, leaching of VHP into a prefilled container is prevented by

application of a vacuum at the end of the antimicrobial treatment in the chamber to

inverse the diffusion direction of hydrogen peroxide vapors. By reversing the direction of

vapor flow, hydrogen peroxide vapors are prevented from entering the prefilled

container, thereby maintaining the integrity of the sensitive solution within the container

while the surface of the container is decontaminated.

in yet another embodiment, hydrogen peroxide vapors are inactivated, such that

they are incapable of chemicaliy modifying the solution contained in a prefilled

container. in another embodiment, post-treatment measures include neutralizing the
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oxidative ability of hydrogen peroxide vapors. In yet another embodiment, hydrogen 

peroxide vapors are inactivated by application of ultraviolet rays to the container after a 

sufficient exposure time of prefilled container to VHP following treatment. Other suitable 

inactivating agents, such as chemical agents, can be applied post-treatment to 

5 inactivate VHP following a sufficient exposure time of the surfaces of prefilled containers 

toVHP. 

At the conclusion of the terminal sterilization process, the prefilled container in 

secondary packaging may be removed from the chamber, and is suitable for use by an 

end user. 

10 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 decontamin~ting a surface of a prefilled container in secondary packaging. System 

200 includes a sealed chamber 202 and a control unit 204 coupled, directly or indirectly, 

to the chamber 202. 

15 In one embodiment, the sealed chamber 202 may be any suitable 

decontamination chamber. For instance, the chamber 202 may include an autoclave, 

with the ability to reversibly seal a closed environment. The chamber 202 may also be 

equipped with mechanisms to manipulate pressure, temperature, and inflow and outflow 

of air within the chamber 202. 

20 ·• Control unit 204 provides instructions, in the form of signals, to chamber 202 to 
4 -

perform operations associated with sterilizing a prefilled container 100 (such as shown 

in Fig. 1) in a prescribed-automatic manner. Control unit 204 may transmit signals to 

chamber 202 to direct chamber 202 (or related parts) to physically enable a vaporized

hydrogen peroxide to come into contact the surface of the prefilled container in the 

25 secondary packaging. 

For example, in one embodiment, the control unit 204 may transmit a signal to a 

valve (not shown) associated with a reservoir for pass[ng vaporized-hydrogen peroxide 

into the chamber. The control unit 204 measures a preset duration-of-time the 

vaporized-hydrogen peroxide is to remain in contact with the prefilled-container surface. 

30 Upon expiration of the preset duration-of-time, the control unit 204 transmits a signal to 

chamber 202 (or a related device) lo cause a post-decontamination measure to occur to 
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reduce the presence of vaporized-hydrogen peroxide in the chamber, thereby 

preventing vaporized-hydrogen peroxide from diffusing into the prefilled container 

undergoing surface decontamination. 

For example, following surface decontamination, the control unit 204 may 

5 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 

mechanisms for introducing neutralizing or inactivating agents, such as chemical 

agents, into the chamber 202, which upon contact with hydrogen-peroxide vapors 

1 O 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 

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

presence of vaporized-hydrogen peroxide within the chamber to sufficiently 

15 decontaminate the container surface is determined by routine validation. For example, 

containers that have been subjected to treatment by vaporized-hydrogen peroxide 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, generally performed by the use 

20' 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 

exposure to beta radiation as described below. 

25 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 

executing code that is programmed to transmit signals to devices associated with 

30 physically carrying out the sterilization process. 
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reduce the presence of vaporized-hydrogen peroxide in the chamber, thereby

preventing vaporized—hydrogen peroxide from diffusing into the prefilled container

undergoing surface decontamination.

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

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

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

presence of vaporized—hydrogen peroxide within the chamber to sufficiently

decontaminate the container surface is determined by routine validation. For example,

containers that have been subjected to treatment by vaporized-hydrogen peroxide 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, 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

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

executing code that is programmed to transmit signals to devices associated with

physically carrying out the sterilization process.
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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 

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

5 in a combination of automated and manual processes. 

Terminal Sterilization of Prefilled Containers by Tunable-Beta lffadiation 

In one embodiment, terminal sterilization of prefilled containers in secondary 

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 

Io 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 

system manager, such as a microprocessor. Alternatively, operations can be performed 

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

15 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 

20-· packaging. 
~ -

In one en'lbodiment, 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 

25 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 

30 beam. In another embodiment, the object is passed below the scanning electron beams 

by means of a transport mechanism like a moving conveyor. 
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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 

5 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 

1 o 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 

the thickness of the wall of the primary packaging material is 20 or more times thicker 

15 · 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 

20' secondary packaging, while the contents of the container are essentially shielded by the 
J -

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 

25 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 

30 doses are measured with Gray (Gy) or Rad (radiation absorbed dose). In another 
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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, ideaily in less than one-half second. Thus, treatment times with

tunable-beta radiation as described herein are significantiy 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, prefilted containers in secondary packaging are

transported or moved about in a fashion as to expose ali 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

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 altowing 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 prefiiled 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.

ln one embodiment, beta irradiation of the prefilied 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
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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 pack.aging and the thickness of the secondary packaging. For a typical 

5 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 

10 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 one second, surface decontamination of prefilled containers in secondary 

15 packaging offers numerous advantages over sterilization methods involving gamma 

radiation, which are harmful to container contents, require significantly longer exposure 

times for decontamination, and require additional shielding along the production line, 

and cause discoloration of packaging components, Moreover, sterilization techniques 

involving gamma radiation cause significant bottlenecks in production assembly lines 

20 ' which are eliminated by surface decontamination using tunable-beta radiation in an e-
~ 

beam tunnel. 

In one embodiment, as depicted in Fig. 3, a system 300 - for surface

decontaminating a prefilled container in secondary packaging - includes an electron

beam tunnel 302 equipped with one or more tunable-electron beam generators, shown 

25 as voltage generators 304. In another embodiment, the one or more tunable-electron

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 

container. 

30 In yet another embodiment, the one or more generators 304 apply an accelerator 

voltage to produce a sufficient amount of beta radiation to decontaminaf.e the surface of 
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embodiment, absorbed doses are measured by dosimeter, preferably by film

dosimeters, calorimeters or cerium dosimeters. I

In another embodiment, the amount of radiation depends on the presence of

secondary packaging and the thickness of the secondary packaging. For a typical

5 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

10 waves.

At the conclusion of the terminai 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 one second, surface decontamination of prefilled containers in secondary

15 packaging offers numerous advantages over sterilization methods involving gamma

radiation, which are harmful to container contents, require significantly longer exposure

times for decontamination, and require additional shielding along the production line,

 
and cause discoloration of packaging components, Moreover, sterilization techniques

involving gamma radiation cause significant bottlenecks in production assembly lines

20 ' which are eliminated by surface decontamination using tunable-beta radiation in an e-

beam tunnel. . A

in one embodiment, as depicted in Fig. 3, a system 300 — for surface-

decontaminating a prefilled container in secondary packaging — includes an electron-

beam tunnel 302 equipped with one or more tunable—electron beam generators, shown

25 as voltage generators 304. In another embodiment, the one or more tunable-electron-

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

container.

30 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
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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, 

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 

sufficiently decontaminate the container surface is determined by routine validation. For 

example, containers that have been subjected to treatment by beta radiation are 

Io compared to cont(ols 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 

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

thus the absence of bacterial growth, can easily be determined. Validation techniques 

15 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 

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, 

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

Example 1 

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

25 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 

compared to control syringes treated with VHP to determine if the integrity of proteins 

present in solution was maintained. 

30 A formulation as described in U.S. Patent No. 7,060,269 was tested for protein 

degradation foHowing treatment by VHP. 
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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,

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

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

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 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

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.a A

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

compared to control syringes treated with VHP to determine if the integrity of proteins

present in solution was maintained.

A formulation as described in US. Patent No. 7,060,269 was tested for prOtein

degradation foilowing treatment by VHP.
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Approximately 1 O ml of solution was filtered through a 0.22 µm syringe filter. 

(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, 

5 visualized by HPlC analysis: byproducts and degradation products by HPlC (IEC) and 

by-products and degradation products by HPlC (SEC}. 

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 

9823.05 CSi 98 2 100 

2 x treatment 

9823.07 98 2 100 

9823.08 98 2 100 

IO 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 

15 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 H20 2 in solution 

by a fluorescence test using an over-the-counter commercially available kit in 

conjunction with an apparatus with fluorescence detection. 

20 Example 2 

The folfowing experiment was carried out to determine the effectiveness of 

surface decontamination using beta irradiation. A commercially available e-beam tunnel 

Montgomery, McCracken, Walker & Rhoads, LLP 
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Approximately 10 mL of solution was filtered through a 0.22 pm syringe filter.

(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,

5 visualized by HPLC analysis: byproducts and degradation products by HPLC (IEC) and

by—products and degradation products by HPLC (SEC).

Table 1: Protein Stability Following Treatment with VHP

lEc (% main peak) lEC (% basic peak)

9823.01 CSi

9823.02 CSi

1 x treatment

   

 

 

 
 
 

  

SEC (% monomer)

 
   

 

 
l0 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

15 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 H202 in solution

by a fluorescence test using an over-the—counter commercially available kit in

 
conjunction with an apparatus with fluorescence detection.

20 Example 2

The following experiment was carried out to determine the effectiveness of

surface decontamination using beta irradiation. A commercially avaiiable e-beam tunnel
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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 µm, an aluminum bag with foil thickness of 0.1 

5 mm and a glass slide of 1 mm thickness. 

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. 

10 Table 2: Beta Irradiation Absorption by Packaging Materials: 

Number of passes 

through decontamination 

tunnel 

1 pass 

3 passes 

5 passes 

Dosimeter in 

Polyethylene bag 

30kGy 

97kGy 

207 kGy 

Absorbed dose 

Dosimeter in 

aluminum bag 

1.3 kGy 

64kGy 

105 kGy 

Dosimeter shielded by 

1 mm glass slide 

<LOQ(0.1 kGy) 

<LOQ(0.1 kGy) 

<LOQ (0.1 kGy) 

The feasibility study showed that already with these not optimized settings of the 

electron beam decontamination tunnel a surface sterilization could be obtained{>= 25 

kGy) when the product was packaged into plastic bags. Even after 5 times passing 

15 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 (1 ml long, ISO) was investigated by measurement of peroxides 

20 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: 

Montgomery, McC,racken, Walker & Rhoads, LLP 
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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

5 mm and a glass slide of 1 mm thickness.

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.

10 Table 2: Beta Irradiation Absorption by Packaging Materials:

Number of passes

through decontamination Absorbed dose

tunnel Dosimeter in Dosimeter in Dosimeter shielded by

Polyethylene bag aluminum bag 1 mm glass slide

 

<LOQ (0.1 kGy)

 1 pass 30 kGy 1.3 kGy <LOQ(D.1 kGy)

3 passes 97 kGy 64 kGy <LOQ(0.1 kGy)

 

The feasibiiity study showed that already with these not optimized settings of the

electron beam decontamination tunnel a surface sterilization could be obtained (>= 25

kGy) when the product was packaged into plastic bags. Even after 5 times passing

15 through the electron beam treatment tunnel, the absorbed dose within the packaging

materiai (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 (1 mL long, lSO) was investigated by measurement of peroxides

20 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:

Montgomery, McCracken, Walker & Rhoads. LLP 2121 5—1372- 1 500
 

Regeneron Exhibit 1068.267

Regeneron v. Novartis

IPR2020-01317



Attorney Docket No. 62106.00039 

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

in water in 1 ml long glass syringe (ISO) [µMol/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. 

5 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 

1 0 solution was filtered through a 0.22 µm filter and aseptically filled into pre-sterilized 

glass vials, aseptically closed with a sterile rubber stopper and secured with an 

aluminum crimp cap. 

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

identical settings as for the other experiments mentioned above. Containers were 

15 analyzed after the treatment with electron beam radiation to determine protein contents, 
" -

20 

visualized by HPLC analysis for byproducts and degradation, products by HPLC (IEC), 

as performed above in Example 1. 

Table 4: Protein Stability Following Beta Irradiation of Prefilled Containers 
i-•- •• • --•---••-••-•• -•-••• •• •• • • -•-••• ••••• •• ""' - •••--•~• ••e•·•-: ••-••• ••'' -•• -• '•,•,• •· •,• •,•.•••• ••'. ,., -•-~ •• •,•,• ~---•-••••••••-••,••:• - •• ••••.,•••· ••:'.·:•• •.•,•.•, -••• -•••• ••, •••••· .'C ••• ,•,••••••••••' 

!!Number of passes.through E-beam tunnef![IEC{%.maln peak)!IIEC (% basic peak)j 

ii~~~~~~£~-{~_<?.~.~~~~~£'> --·· -·······- ....... H~-~--{~!:.~t ...... ···-·-···-Jh_t1 .. ?>. _ --···· .... .! 
il1_E~SS__ _ _ H~~J~?_-~L !j1_(~~~) _ ·-- --·-·. . ! 
il~.e.~i.~~ ![ss (97.s> Jl2 {1.s> 

!l~-P~~~~~ _ !Isa (97.6) ..... il1 {1.4) 

There were no differences between the results of the untreated syringes and with 

electron beam sterilized vials, foflow1ng 1 pass, 3 passes or 5 passes through thee-
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Number of passes through E-beam tunnel Peroxide content of 0.5% Polysorbate 20 solution  

 
  

in water in 1mL long glass syringe (lSO) [pMol/mL]
0.04

0.04

0.03

 

  
 
 

  

Reference (not treated)

 

 

 
 

 

1 pass

 

 

3 passes

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.

5 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 US. Patent No. 7,060,269 was tested for protein

degradation following treatment by electron beam irradiation. Approximately 0.3 mL of

10 solution was filtered through a 0.22 pm filter and aseptically filled into pre-sterilized

glass vials, aseptically closed with a sterile rubber stopper and secured with an

aluminum crimp cap.

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

identicai settings as for the other experiments mentioned above. Containers were

15 I analyzed after the treatment with electron beam radiation to determine protein contents,
visualized by HPLC analysis for byproducts and degradation products by HPLC (lEC),

as performed above in Example 1.

Table 4: Protein Stability Following Beta Irradiation of Prefilled Containers 
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There were no differences between the results of the untreated syringes and with

eiectron beam steriiized vials, following ‘i pass, 3 passes or 5 passes through the en
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beam sanitization process, as shown in the results at Table 4. Thus, tunable-beta 

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 

5 subjoined claims rather than by the foregoing description. All changes which come 

within the meaning and range of equivalency of the claims are to be embraced within 

their scope. 
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beam sanitization process, as shown in the results at Table 4. Thus, tunable-beta  
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 ciaims rather than by the foregoing description. All changes which come

within the meaning and range of equivalency of the claims are to be embraced within

their scope.
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CLAIMS 

We claim: 

5 1. A method for surface decontamination of a prefilled container in secondary 

10 

15 

20 I 

25 

30 

packaging, comprising: 

applying vaporized-hydrogen peroxide to the surface of the prefilled 

container in secondary packaging; 

allowing vaporized-hydrogen peroxide to remain in contact with the 

prefilled container surface for a sufficient time to decontaminate the prefifled 

container surface; and 

causing a post-decontamination measure to occur to reduce the presence 

of vaporized-hydrogen peroxide, thereby preventing vaporized-hydrogen 

peroxide from diffusing into the prefilled container. 

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. 

3. The method of Claim 1, wherein the prefilled container is a syringe containing a 

therapeuticatly effective amount of ranibizumab. 

4. The method of Claim 1, wherein sufficient time to decontaminate the surface of 

the prefilled container is determined by validation of treatment times and 

compared to a control standard. 

5. The method of Claim 1, wherein the post-decontamination measure includes 

applying a vacuum following the duration of treatment with vaporized-hydrogen 

peroxide, thereby reversing the direction of diffusion of vaporized-hydrogen 

peroxide and preventing intrusion of vaporized-hydrogen peroxide into the 

prefiiled container. 
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CLAIMS

We claim:

1. A method for surface decontamination of a prefilled container in secondary

packaging, comprising:

applying vaporized-hydrogen peroxide to the surface of the prefilled

container in secondary packaging;

allowing vaporized-hydrogen peroxide to remain in contact with the

prefilled container surface for a sufficient time to decontaminate the prefilled

container surface; and

causing a post-decontamination measure to occur to reduce the presence

of vaporized-hydrogen peroxide, thereby preventing vaporized-hydrogen

peroxide from diffusing into the prefilled container.

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.

The method of Claim 1, wherein the prefilled container is a syringe containing a

therapeutically effective amount of ranibizumab.

The method of Claim 1, wherein sufficient time to decontaminate the surface of

the prefilled container is determined by validation of treatment times and

compared to a control standard.

. The method of Claim 1, wherein the post-decontamination measure includes

applying a vacuum following the duration of treatment with vaporized-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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6. The method of Claim 1, wherein the post-decontamination measure includes 

applying ultraviolet rays following the duration of treatment with vaporized

hydrogen peroxide, thereby inactivating oxidative action of hydrogen peroxide 

vapors. 

7. A method for surface decontamination of a prefilled container in secondary 

packaging, comprising: 

presenting a prefilled container in a secondary package to an electron 

beam tunnel equipped with one or more tunable electron beam generators 

capable of variably generating low-energy beta radiation, and capable of 

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 

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 

20 · from beta radiation. 

25 

30 

R The method of claim 7, whereln 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. 

9. The method of Claim 7, wherein the prefilled container is a vial filled with a 

solution or solid otherwise sensitive to sterilization treatment by gamma radiation, 

sterilization treatment by exposure to steam, and sterilization treatment by 

exposure to vaporizing agents, gases or peroxide forming substances. 
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6. The method of Claim 1, wherein the post—decontamination. measure includes

applying ultraviolet rays following the duration of treatment with vaporized—

hydrogen peroxide, thereby inactivating oxidative action of hydrogen peroxide

5 vapors.

7. A method for surface decontamination of a prefilled container in secondary

packaging, Comprising:

presenting a prefilled container in a secondary package to an electron

10 beam tunnel equipped with one or more tunable electron beam generators

capable of variably generating low-energy beta radiation, and capable of

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

15 generators 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, such that beta radiation is allowed to penetrate the secondary

package while the thickness of the prefilled container shields the contents therein

20 from beta radiation.

8, The method of claim 7, 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

25 in the container to less than 0.1 kGy.

9. The method of Claim 7, wherein the prefilled container is a vial filled with a

solution or solid otherwise sensitive to sterilization treatment by gamma radiation,

sterilization treatment by exposure to steam, and sterilization treatment by

30 exposure to vaporizing agents, gases or peroxide forming substances.
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10. The method of Claim 7, wherein the prefifled container is a syringe filled with a 

solution otherwise sensitive to sterilization treatment by gamma radiation, 

sterilization treatment by exposure to steam, and sterilization treatment by 

exposure to vaporizing agents and gases or peroxide forming substances. 

11. The method of Claim 7, wherein the prefilled container is a syringe containing a 

therapeutically effective amount of ranibizumab. 

12. The method of Claim 7, wherein the penetration depth is measured by 

1 o dosimetry. 

15 

13. The method of Claim 7, 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. 

14. The method of Claim 7, wherein sufficient energy to decontaminate a surface of 

a prefilled container is that which provides a dose of beta radiation yielding a 1 o-6 
Sterility Assurance Level of the outside of the container surface. 

20 -~ 15. A system for decontaminating a surface of a prefilled container in secondary 

25 

30 

~ -
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 

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; and (iii) cause a post-decontamination measure to occur to 

reduce the presence of vaporized-hydrogen peroxide in the chamber, thereby 

preventing vaporized-hydrogen peroxide from diffusing into the prefilled 

container. 
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10.The method of Claim 7, wherein the prefilled container is a syringe filled with a

solution othenivise sensitive to sterilization treatment by gamma radiation,

sterilization treatment by exposure to steam, and sterilization treatment by

exposure to vaporizing agents and gases or peroxide forming substances.

11. The method of Ciaim 7, wherein the prefilled container is a syringe containing a

therapeutically effective amount of ranibizumab.

12. The method of Claim 7, wherein the penetration depth is measured by

dosimetry.

13. The method of Claim 7, 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.

14.The method of Claim 7, wherein sufficient energy to decontaminate a surface of

a prefilled container is that which provides a dose of beta radiation yielding a 105

Sterility Assurance Level of the outside of the container surface.

15. 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

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; and (iii) cause a post—decontamination measure to occur to

reduce the presence of vaporized-hydrogen peroxide in the chamber, thereby

preventing vaporized-hydrogen peroxide from diffusing into the prefilled

container.
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16. A system for surface-decontaminating a prefilled container in secondary 

packaging, the system comprising: an electron-beam tunnel equipped with one or 

more tunable-electron beam generators, the tunable-electron-beam generators, 

configured to (i) variably generate low-energy beta radiation, (ii) oscillate the 

5 electron beams such that a larger surface of a prefilled container is exposed to 

electron beams; and (iii) 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, such that beta 

IO radiation is allowed to penetrate the secondary package while the thickness of 

the prefilled container shields the contents therein from beta radiation. 

17. 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 

15 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-

20 -~ hydrogen peroxide in the chamber, thereby preventing vaporized-hydrogen 
~ -

peroxide from diffusing into the prefilled container. 

18. A kit for surface-decontaminating a prefilled container in secondary packaging, 

25 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 

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 

30 such that beta radiation is allowed to penetrate the secondary package while the 
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A system for surface-decontaminating a prefilled container in secondary

packaging, the system comprising: an electron-beam tunnel equipped with one or

more tunable-electron beam generators, the tunable—electron-beam generators,

configured to (i) variably generate lowhenergy beta radiation, (ii) osciliate the

electron beams such that a larger surface of a prefilled container is exposed to

electron beams; and (iii) 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, 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.

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

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 prefilied—container surface for a

predeterrnined time within the sealed chamber; and (iii) cause a post-

decontamination measure to occur to reduce the presence of vaporized—

hydrogen peroxide in the chamber, thereby preventing vaporized-hydrogen

peroxide from diffusing into the prefiiled container.

A kit for surface-decontaminating a prefilled container in secondary packaging,

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

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
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thickness of the prefil!ed container shields the contents therein from beta 

radiation. 
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thickness of the prefilied container shields the contents therein from beta

radiation.
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ABSTRACT 
Methods and systems for the terminal sterilization and surface decontamination 

of prefilled containers containing sensitive drug products, such as biotech drug products 

that are otherwise temperature or radiation sensitive, and thus not suitable for terminal 

5 sterilization by classical methods involving steam or gamma rays. The methods and 

systems are especially suited for prefilled containers in secondary packaging. Methods 

include terminal sterilization by exposing prefilled containers in secondary packaging to 

tunable-beta radiation and further include terminal sterilization by exposing prefilled 

containers to controllable vaporized-hydrogen peroxide, including application of 

l O measures to reduce or prevent diffusion of vaporized-hydrogen peroxide into prefilled 

containers. 

15 
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Applicant 

NOVARTIS AG 

1. This opinion contains indications relating to the following items: 

(8] Box No. I 

□ Box No. II 

Basis of the opinion 

Priority 

Priority date (dayAnonth,jtear) 

14.07.2009 

(8] 

(8] 

Box No. Ill 

Box No. IV 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Lack of unity of invention 
(8] Box No. V Reasoned statement under Rule 43bis.1 (a)(i) with regard to novelty, inventive step and industrial 

applicability; citations and explanations supporting such statement 

D Box No. VI Certain documents cited 

r8l Box No. VII Certain defects in the international application 

r8l Box No. VIII Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will usually be considered to be a 
written opinion of the International Preliminary Examining Authority {"IPEA") except that this does not apply where 
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International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority 
will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to 
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months 
from the date of mailing of Form PCTASAl220 or before the expiration of 22 months from the priority date, 
whichever expires later. 

For further options. see Form PCTASA/.220. 
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j Name and mailing address of 1he ISA: Da1e of comple1ion of 
this opinion 

Au1horized Officer 

European Patent Office 

D-80298 Munich 
Tel. +49 89 2399 - O 
Fax: +49 89 2399 - 4465 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. I . Basis of. the opinion 

1. With regard to the language, this opinion has been established on the basis of: 

!El the international application in the language in which it was filed · 

International application No. 
PCT/EP2010,060011 

□ a translation of the international application into , which is the language of a translation furnished for the 
purposes of international search (Rules 12.3(a) and 23.1 (b)). 

2. □ This opinion has been established taking into account the rectification of an obvious mistake authorized 
by or notified to this Authority under Rule 91 (Rule 43bis.1 (a)) 

3. With regard to any nucleotide and.or amino acid sequence disclosed in the international application, this 
opinion has been established on the basis of a sequence listing filed or furnished: 

a. (means) 

□ on paper 

□ in electronic form 

b. (time) 

□ in the international application as filed 

□ together with the international application in electronic form 

. □ subsequently to this Authority for the purposes of search 

4. □ · In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, 
the required statements that the information in .the subsequent or additional copies is identical to that in the 
application as filed or does nqt go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCTJ£P2010.060011 

Box No. Ill Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non 
obvious), or to be industrially applicable have not been examined in respect of 

□ the entire international application 

0 claims Nos. 13! 

because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international search (specify): 

0 the description, claims or drawings (indicate particular elements below) or said claims Nos. 19 are so 
· unclear that no meaningful opinion could be formed (specify): 

see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed (specify): 

□ no international search report has been established for the whole application or for said claims Nos. 

□ a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the 
prescribed time limit: 

□ furnish a sequence listing on paper complying with the standard provided for in Annex C of the 
Administrative Instructions, and such listing was not available to the International Searching 
Authority in a form and manner acceptable to it. 

□ furnish a sequence listing in electronic form complying with the standard provided for in Annex C 
of the Administrative Instructions, and such listing was not available to the International Searching 
Authority in a form and manner acceptable to it. 

□ pay the required late furnishing tee for the furnishing of a sequence listing in response to an 
invitation under Rules 13ter.1 (a) or (b). 

[81 See Supplemental Box for further details 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT/EP2010,060011 

Box No. IV Lack of unity of invention 

1. 181 in respons·e to the invitation (Form PCT/ISAi206) to pay additional fees, the applicant has, within the. 
applicable_time limit: 

181 paid additional fees 

□ paid additional fees under protest and, where applicable, the protest fee 

□ paid additional fees under protest but the applicable protest fee was not paid 

□ . not paid additional fees 

2. □ This Authority found that the requirement of unity of invention is not complied with and chose not to invite 
the applicant to pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1 , 13.2 and 13.3 is 

D complied with 

181 not complied with for the following reasons: 

see separate sheet 

4. Consequently, this report has been established in respect of the following parts of the international application: 

181 all parts. 

D the parts relating to claims Nos. 1-7, 16, 18, 20 

Box No. V Reasoned statement under Rule 43bis.1 (a)(i) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 2-4, 6-15, 17, 18, 20 
No: Claims 1, 5, 16 

Inventive step (IS) Yes: Claims 
No: Claims 1-18. 20 

Industrial applicability (IA) Yes: Claims 1-18. 20 
No: Claims 

2. Citations and explanations 

see separate sheet 

Form PCTASA/237 (April 2007) 

Regeneron Exhibit 1068.283 
Regeneron v. Novartis 

IPR2020-01317



• 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. VII Certain defects in the international application 

International application No. 
PCT/EP2010,060011 

The following defects in the form or contents of the international application have been noted: 

see separate sheet 

Box No. VIII Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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• WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

Ad Sections 111-V, VII and VIII 

International application No . 

PCT/EP2010/060011 

D1: US-A-5779973; D2: WO 2008/77155 D3: EP-A-1433486; 

D4: WO 2005/020847; D5: EP-A-1283061; D6: US-A-4652763 

D7: EP~A-1944044 

Lack of Unity (Rule 13.1 PCT) 

1. Independent method claim 1 defines a method for surface decontamination of a 
prefilled container in a secondary packaging comprising the steps of 

a. applying vaporised hydrogen peroxide (VHP) to the surface of the prefilled 
container, 

b. allowing sufficient decontamination contacting time and 

c. reducing the presence of VHP to prevent it from diffusing into the prefilled container. 

2. Independent method claim 8 defines a method for surface decontamination of a 
prefilled container in a secondary packaging comprising the steps of: 

a. presenting a prefilled container in one or more tunable e -beam generators capable 
of generating variable low - energy beta radiation and· oscillating electron beams and 

b. applying a sufficient accelerator voltage to decontaminate the surface of the 
prefilled container, such that beta radiation penetrates the secondary package, while 
the container thickness shields the contents from the beta radiation. 

3. The common features of claims 1 and 8 purely reside in a method for surface 
decontamination of a prefilled container in a secondary packaging, which is known as 
acknowledged in the description and apparent from the cited documents. Given that 
the additional features of the independent claims are neither similar nor corresponding 
no single inventive concept is present. Therefore the requirements of unity of invention 
are not fulfilled. 

(I} First Invention {Claims 1-7, 16, 18, 20) 

A. Lack of novelty (Art. 33(2) PCT) 

1. D1 discloses (c.f ... passages cited in the SR) a method of decontaminating the 
surfaces (24) of a prefilled container in a secondary packaging (22) by introducing 
VHP in the interstitial space of the packages for a suitable period for sterilising the 
internal space of the bag assembly. Afterwards an applied vacuum introduces a sterile 

Form PCT/ISN237 (Separate Sheet) (Sheet 1) (EPO-Aprit 2005) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/EP2010/060011 

air stream within the interstices to displace residual VHP, which is either vented or 
degraded. It follows that claims 1 and 5 are directly known from 01. This applies also 
to independent apparatus claim 16, whose features are directly or implicitly disclosed. 

B: Lack of inventive step (Art. 33(3) PCT) 

1. The additional features of claims 2, 4 and 18 are known from D3, wherein both 
the application to a syringe/drug system and the appropriate validation steps are 
disclosed. Thus, no inventive step can be acknowledged for said claims. 

2. The additional feature of claim 3 is known from D2, wherein the sterilisation of 
syringes containing ranibizumab is disclosed. 

3. The additional feature of claim 6 is known from D4, wherein the use of UV 
radiation to decompose residual VHP is disclosed (ct. page 23, lines 25-30). 

4. The use of gas plasma as post treatment, after hydrogen peroxide sterilisation, is 
generally known to the skilled person, as illustrated in D5 (cf. §7). 

(II) Second Invention (Claims 8-15, 17 and 19) 

1. D6 discloses (ct. passages cited in the search report) a method for sterilising a 
prefilled container in a secondary packaging using a low-energy e-beam (beta 
radiation) tunnel in a tunable electron beam generator. The operating conditions 
are chosen so that adequate radiation of the surface of the primary package is 
received (e.g. 2.5 megarads I 25KGy), essentially without penetrating the primary 
package and reaching its contents. Method claim 8 difres from the above 
disclosure only in that the beam generator used is also capable of oscillating the 
electron beams produced. This is however a standard option of the more recent 
generators. In fact, D7 employs a similar low radiation "Kevac" generator as in 
the present application (§47). It follows that claim 1 is anticipated by the 
combined teaching of D6 and D7 (Art. 33(3) PCT). This applies equally to device 
claim 17, as well as to dependent claims 9-15. 

2. Independent claim 19 essentially defines a kit comprising only an "instruction" 
with suitable information for operating a decontamination system. No further kit 
components have been defined (Art. 6 PCT). It is noted that claim 19 is 
equivalent to an instruction manual for such a system, which is normally supplied 
therewith. 

3. In claim 9 said "primary packaging material" has no proper andecedent basis {Art. 
6 PCT). 
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Surface Decontamination of Prefilled Containers 
in Secondary Packaging 

FIELD OF THE INVENTION 

This invention relates to a method and system for terminal sterilization of the 

outer surface and/or surface decontamination of prefilled containers in secondary 

packaging, wherein the prefilled container contains a pharmaceutical or biological drug 

product. 

BACKGROUND 

Prefilled containers are a type of medical device that are filled by the 

manufacturer at the time of assembly and provided to the end user, generally a health

care provider or a patient requiring treatment, in a sterile condition. 

Prefilled containers offer several advantages over traditional packaging of 

therapeutics, including ease of use, reduced risk of contamination, elimination of dosing 

15 errors, increased drug supply and reduced waste. Of the various types of prefilled 

containers, prefilled syringes are the most common and best suited for parenteral 

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 aqueous solutions that in a secondary reaction further 

1 
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may damage the active ingredient. Further, sterilizing doses of gamma rays cause a 

brown discoloration of glass parts of the device, and is prone to damage elastomeric 

materials like plunger stoppers. This destruction of the elastomers leads to increased 

stickiness of the components thus impairing the functionality of the system. Thus 

5 radiation is not an appropriate means for sterilizing prefilled containers, such as 

syringes, containing a biotech drug product. 

Cold sterilization is a term collectively used for sterilization methods carried out at 

temperatures substantially below those of the steam process; attempts have been made 

to use ethylene oxide and hydrogen peroxide vapors as sterilants for this treatment. 

1 0 Treatment with sterilizing gasses, however, bears the risk of insufficient removal of the 

oxidizing gas. Diffusion of gas into the product container affects the stability of the drug 

product through chemical modification by gas vapors, such as alkylation and oxidation. 

Prefilled syringes, although filled under aseptic conditions, are not packed into 

their secondary packaging in an aseptic environment and are therefore likely to be 

15 microbiologically contaminated at their outside. Terminal sterilization of prefilled 

containers in secondary packaging is one way to provide the device to an end user with 

a low bio-burden and low risk of contaminants, for safe application of the product by the 

end user. Moreover there is a strong market need for terminally antimicrobially-treated 

medical devices, such as prefilled syringes used for intravitreal injections. 

20 Due to the sensitive nature of certain drug products, such as proteins, it is not 

possible to perform terminal sterilization and surface decontamination of containers 

filled with such products using current methods, like steam, irradiation or cold 

sterilization. Specifically, high temperatures are known to denature proteins and 

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 
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decontamination method that is not harmful to the drug product will continually increase 

in the near future. Moreover, as regulatory agencies may require higher levels of sterility 

assurance, pharmaceutical and biotech companies will seek alternative procedures to 

approach or meet mandated-microbiological purity levels, without compromising the 

5 safety and efficacy of pharmaceutical preparations. 

SUMMARY 

Described herein is a terminal sterilization and surface decontamination 

treatment of prefilled containers, specifically for sterilization of prefilled containers 

1 0 containing sensitive solutions, such as a drug product or biological therapeutic, within 

secondary packaging. In one embodiment, terminal sterilization is achieved by treating 

prefilled containers within secondary packaging with controllable vaporized-hydrogen 

peroxide (VHP). The principle is the formation a vapor of hydrogen peroxide in 

containment and a subsequent removal or inactivation of vapors in a controlled manner. 

15 Prior to removal or inactivation, VHP condenses on all surfaces, creating a microbicidal 

film that decontaminates the container surface. 

It has been discovered that by varying the parameters of the antimicrobial 

treatment, for example - temperature, humidity, treatment duration, pressure, etc., 

conditions are generated that prevent the leaching of VHP into the syringes. As an 

20 example, the application of a vacuum at the end of the treatment will inverse the 

diffusion direction and reduce, if not stop, leaching of hydrogen peroxide through the 

rubbers. Further, inclusion of a gas plasma treatment after completion of the vaporized 

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. 
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Further described herein is terminal sanitization or sterilization and surface 

decontamination of prefilled containers within secondary packaging by tunable electron 

beam (low-energy beta-ray) irradiation technologies as an alternative to aseptic 

inspection and aseptic secondary packaging operations. 

5 In one embodiment, the use of low penetration depth radiation from a low-energy 

electron beam generator for a new application to sterilize the surface of secondary 

packaged drug product containers avoids aseptic packaging. In another embodiment, 

the penetration depth of electron beam radiation is tunable by adjustment of the 

accelerator voltage of the irradiation generator. 

1 0 Generally, the concepts presented herein are applicable to all drug products 

having requirements or desirability for absence of viable organisms of the drug product 

container surface. The method and system described herein decontaminate or, more 

preferably render sterile an outside surface of primary packaged drug products within a 

secondary pack, thereby improving safety of products for critical administration (e.g. use 

15 in a surgical suite or for intravitreal injections). 

20 

The foregoing summary provides an exemplary overview of some aspects of the 

invention. It is not intended to be extensive, or absolutely require any key/critical 

elements of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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. 

30 

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. 

DETAILED DESCRIPTION 

4 
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The method and system described herein are for the sterilization and surface 

decontamination of prefilled containers containing sensitive solutions, such as drug 

products that are otherwise temperature or radiation sensitive or are sensitive to traces 

of oxidizing substances, and thus not suitable for terminal sterilization by classical 

5 methods involving steam, gamma or beta rays or sterilization with oxidizing gases or 

liquids. The method and system described herein are especially suited for prefilled 

containers that have been filled under aseptic conditions and been subject to additional 

processing, such as product labeling and subsequent secondary packaging. Methods 

include terminal sterilization and surface decontamination by exposing prefilled 

1 0 containers in secondary packaging to tunable-beta radiation and further include terminal 

sterilization and surface decontamination by exposing prefilled containers to controllable 

vaporized-hydrogen peroxide, including measures to reduce or prevent the diffusion of 

vaporized-hydrogen peroxide into prefilled containers. The methods also include an 

optional step of actively destroying any residual peroxide molecules, for example, by 

15 means of gas plasma. 

Definitions 

In describing and claiming the terminal sterilization and surface decontamination 

method, the following terminology will be used in accordance with the definitions set 

20 forth below. 

"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 
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solid or liquid form, and other biological agents, such as peptides, proteins or 

recombinant biologicals, whether in solid or liquid form. Containers may be reusable or 

disposable, and may have a medical, veterinary or non-medical purpose. 

"Prefilled container", refers to a container, such as a syringe, that is filled with a 

5 solution at the time of assembly and packaging and is deliverable for use to an end 

user, such as a health care professional or a patient needing treatment. This term also 

refers to prefilled containers integrated into an administration device. 

An "instruction" or "instructional material" includes a publication, a recording, a 

diagram, or any other medium of expression which can be used to communicate the 

1 0 usefulness of the method or system of the invention for its designated use. The 

instruction or instruction material may be presented together as part of the system or 

provided separately, or independently of the process, to an end user. 

"Isolation", as used herein refers to practices in pharmaceutical production, filling 

and packaging, wherein a clean, or sterile environment, is separated from a non-sterile 

15 environment to limit or prevent the introduction or spread or contamination of infectious 

agents, such as microorganisms. 

"Medical device", as used herein, refers to a device used for administering 

medical treatment and whose production or sale must, in part, comply with 

requirements, such as safety requirements, set forth by a government agency, such as 

20 the Food and Drug Administration. 

"Solution" as used herein refers to the contents of a container like a vial or a 

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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secondarily packaged prefilled container to be provided in sterile outside condition at its 

point of use. 

"Vaporized-hydrogen peroxide" refers to hydrogen peroxide in vapor form 

capable of creating a microbicidal film on a surface, such as the surface of a container 

5 or packaging material. 

The terms "sterilization", "decontamination", "sanitization", "antimicrobial 

treatment" are used interchangeably herein. 

"Sterility" as used herein is meant to refer to complete absence of microbial life 

as defined by a probability of nonsterility or a sterility assurance level (SAL). The 

1 0 required SAL for a given product is based on regulatory requirements. For example, 

required SALs for health care products are defined to be at least 10-6
, i.e. a chance of 

less than 1 :1 million of a non-sterile product for aseptically manufactured and terminally 

sterilized products, respectively. 

Reference herein to "one embodiment" or "an embodiment" means that a 

15 particular feature, structure, operation or characteristic described in connection with the 

embodiment is included in at least one embodiment of the invention. Thus, the 

appearances of such phrases or formulations herein are not necessarily referring to the 

same embodiment. Furthermore, various particular features, structures, operations or 

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 

7 

Regeneron Exhibit 1068.295 
Regeneron v. Novartis 

IPR2020-01317



WO 2011/006877 PCT/EP2010/060011 

processes, such as steam, gamma irradiation or cold sterilization processes currently 

used in pharmaceutical production and assembly lines. While reference is given to drug 

products, such as heat or radiation-sensitive drug solutions containing biologicals such 

as peptides or proteins, it will be understood by those skilled in the art that any suitable 

5 drug product that is considered a therapeutic agent, whether in solution or solid form, 

can be housed - or contained - in a prefilled container. Thus, the prefilled container 

itself is not drug specific. 

It has now been discovered that treatment of prefilled containers in secondary 

packaging by an application of vaporized-hydrogen peroxide, in which vapors are 

1 0 controllable by certain post-treatment measures, and exposure to tunable-beta 

radiation, in which the depth of penetration of beta rays into secondary packaging are 

controllable, are ideal for surface decontamination of prefilled containers, yet not 

harmful to the stability or integrity of the contents of the prefilled container. 

The methods and embodiments described herein are suitable for use in 

15 pharmaceutical production and packaging in isolation or outside of isolation. 

Furthermore, the methods described herein are adaptable to different container formats 

or types, with minimal incremental costs to 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. 
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In one embodiment, the prefilled container is a syringe. Other suitable prefilled 

containers include vials, bottles, bags and other medical devices capable of containing 

a sterile solution or a solution requiring sterilization. 

In one embodiment, the syringe is filled with a drug product, such as in the form 

5 of liquid, solution, powder or solid. In another embodiment the drug product is a solution 

such as a drug solution or protein solution that is otherwise sensitive to exposure to high 

temperatures, such as those used in steam sterilization, and ionizing energy, such as 

gamma or beta rays and oxidizing gasses. In yet another embodiment the drug product 

is one that has been lyophilized, in other words a solid, and requires reconstitution in 

1 O liquid or solution prior to use. 

15 

In another embodiment, a solution is any drug product having requirements or 

desirability for sterility of the drug product container surface. In one particular 

embodiment, the drug product is a protein solution, such as ranibizumab (e.g. 6mg/ml or 

10 mg/ml) solution for intravitreal injection. 

In one embodiment, the container is filled with solution under aseptic conditions, 

whether by an automated or manual process. Thus, the contents of the container are 

sterile and unaffected by surface decontamination methods as described herein. The 

term "filled" is meant to refer to the placement of contents, such as solution, into the 

container in an appropriate amount, such as an appropriate volume or appropriate 

20 concentration. The appropriate amount, volume or concentration will vary depending on 

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 
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methods described herein can be presented to, and opened within, a critical or sterile 

environment, such as a surgical suite. 

In one embodiment, terminal sterilization and surface decontamination of prefilled 

containers within secondary packaging is carried out by treating surfaces of the prefilled 

5 container within secondary packaging with vaporized-hydrogen peroxide and applying 

post-treatment measures, within a decontamination chamber. A suitable 

decontamination chamber is any chamber, such as an autoclave, that has the means 

for reversibly sealing a closed environment and equipped with means of manipulating 

pressure, temperature, inflow and outflow of air within the chamber. Additional elements 

1 O of a suitable chamber include the means for accommodating treatment by vaporized

hydrogen peroxide and post-treatment measures to reduce or prevent vaporized

hydrogen peroxide from entering into prefilled containers. 

In another embodiment, the chamber is configured to accommodate the quantity 

of containers requiring terminal sterilization. Thus, in large-scale production and 

15 assembly lines, the chamber can be configured to accommodate a large quantity of 

containers, accordingly. 

Treatment with vaporized-hydrogen peroxide is brought about by the application 

or release of hydrogen-peroxide-vapors within the decontamination chamber. In one 

embodiment, vapors of hydrogen peroxide are controllable, in other words, certain post-

20 treatment measures are applied to manipulate or control the action of vaporized

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 
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packaging is decontaminated by an adjustment of accelerator voltage of an irradiation 

generator to provide beta radiation of a sufficient dose to penetrate secondary 

packaging without penetrating primary packaging. 

In another embodiment, the accelerator voltage required to deliver the 

5 appropriate amount of beta radiation to decontaminate the surface of prefilled 

containers depends on the thickness of secondary packaging materials. For example, in 

one embodiment, suitable packaging materials are less than or equal to 0.05 mm in 

thickness. Such materials of less than or equal to 0.05 mm in thickness may be made of 

foils. 

10 In another embodiment a combination of secondary and primary packaging 

components, accelerator voltage, irradiation plant design and throughput speed allow 

surface decontamination of a prefilled container in secondary packaging, while almost 

completely shielding contents of the prefilled container by primary packaging materials. 

In one embodiment, a suitable primary packaging is a syringe capable of 

15 shielding irradiation sensitive solution contained within. Shielding can be provided by 

the thickness of the container walls or the material components of the container. 

Shielding effectiveness can be determined by adjustment of the accelerator voltage and 

thus the depth of penetration of the beta rays emitted onto the prefilled container. 

Furthermore, shielding is determined by measuring the absorbed dosage, such as with 

20 a dosimeter. 

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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container in secondary packaging is introduced, either by a manual process or 

automated process, or a combination of the two, into the electron beam tunnel via an 

inlet and transported for all or a portion of time through the e-beam tunnel to an outlet 

as the surfaces of prefilled containers in secondary packaging are exposed to low-

5 energy beta radiation. In another embodiment, prefilled containers in secondary 

packaging remain stationary for all or a portion of time as the surfaces of prefilled 

containers in secondary packaging are exposed to low-energy beta radiation. 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 

1 0 another embodiment, the object is passed below the scanning electron beams by 

means of a transport mechanism like a moving conveyor. In another embodiment, the 

chamber for electron beam treatment is open, but shielded to the environment by a 

tortuous path of the objects into and out of the chamber. 

15 Terminal Sterilization of Prefilled Container by Vaporized-hydrogen peroxide (VHP) 

In one embodiment, terminal sterilization of prefilled containers in secondary 

packaging is carried out by antimicrobial treatment in a chamber with vaporized

hydrogen peroxide, also referred to as "cold sterilization". 

The various steps, or operations, involved in the sterilization and surface 

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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A suitable decontamination chamber is any chamber, such as an autoclave, 

equipped with means for reversibly sealing a closed environment, and equipped with 

means of manipulating pressure, temperature, inflow and outflow of air within the 

chamber. Additional elements of a suitable chamber include means for accommodating 

5 treatment by VHP and post-treatment measures to reduce or prevent VHP from entering 

into prefilled containers. A further element of a suitable chamber is means to destroy 

any remaining peroxide traces. 

In one embodiment, hydrogen peroxide vapor is introduced into the chamber, 

either generated within or released within the chamber for a sufficient time to 

1 0 decontaminate -or treat - the surface of prefilled containers in secondary packaging. 

In another embodiment, application of vaporized-hydrogen peroxide is carried out at 

temperatures below those used for steam sterilization. 

Hydrogen peroxide in liquid form has long been recognized as a disinfectant. 

Koubek U.S. Patent No. 4,512,951 describes a method of sterilization with liquid 

15 hydrogen peroxide which includes vaporizing an aqueous solution of hydrogen peroxide 

and passing the resulting hydrogen peroxide-water vapor mixture into an evacuated 

sterilization chamber where, upon contact with items to be sterilized, the vapor 

condenses to form a layer of liquid hydrogen peroxide on the items. The items to be 

sterilized are maintained at a temperature below the dew point of the hydrogen 

20 peroxide-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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molecular integrity of the solutions because hydrogen peroxide vapors that enter the 

container cause chemical modifications of the solution, such as oxidation. 

It has now been discovered that applying post-treatment, or post-application, 

measures reduces or prevents the adverse effects of VHP on sensitive solutions and 

5 preserve the integrity, and thereby therapeutic efficacy, of otherwise sensitive solutions 

in prefilled containers. Post-application measures are ideally those measures that 

deactivate the oxidizing action of hydrogen peroxide, whether by removing vaporized

hydrogen peroxide or rendering hydrogen peroxide vapors into an inactive state. 

In one embodiment, leaching of VHP into a prefilled container is prevented by 

1 O application of a vacuum at the end of the antimicrobial treatment in the chamber to 

inverse the diffusion direction of hydrogen peroxide vapors. By reversing the direction of 

vapor flow, hydrogen peroxide vapors are prevented from entering the prefilled 

container, thereby maintaining the integrity of the sensitive solution within the container 

while the surface of the container is decontaminated. 

15 In yet another embodiment, hydrogen peroxide vapors are inactivated, such that 

they are incapable of chemically modifying the solution contained in a prefilled 

container. In another embodiment, post-treatment measures include neutralizing the 

oxidative ability of hydrogen peroxide vapors. In yet another embodiment, hydrogen 

peroxide vapors are inactivated by application of ultraviolet rays to the container after a 

20 sufficient exposure time of prefilled container to VHP following treatment. Other suitable 

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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In one embodiment, the sealed chamber 202 may be any suitable 

decontamination chamber. For instance, the chamber 202 may include an autoclave, 

with the ability to reversibly seal a closed environment. The chamber 202 may also be 

equipped with mechanisms to manipulate pressure, temperature, and inflow and outflow 

5 of air within the chamber 202. 

Control unit 204 provides instructions, in the form of signals, to chamber 202 to 

perform operations associated with sterilizing a prefilled container 100 (such as shown 

in Fig. 1) in a prescribed-automatic manner. Control unit 204 may transmit signals to 

chamber 202 to direct chamber 202 (or related parts) to physically enable a vaporized-

IO hydrogen peroxide to come into contact the surface of the prefilled container in the 

secondary packaging. 

For example, in one embodiment, the control unit 204 may transmit a signal to a 

valve (not shown) associated with a reservoir for passing vaporized-hydrogen peroxide 

into the chamber. The control unit 204 measures a preset duration-of-time the 

15 vaporized-hydrogen peroxide is to remain in contact with the prefilled-container surface. 

Upon expiration of the preset duration-of-time, the control unit 204 transmits a signal to 

chamber 202 (or a related device) to cause a post-decontamination measure to occur to 

reduce the presence of vaporized-hydrogen peroxide in the chamber, thereby 

preventing vaporized-hydrogen peroxide from diffusing into the prefilled container 

20 undergoing surface decontamination. 

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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decontaminate the container surface is determined by routine validation. For example, 

containers that have been subjected to treatment by vaporized-hydrogen peroxide are 

compared to controls and can be checked for bacterial contamination using standard 

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 

1 O 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 

5 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 

1 0 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. 

15 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 

20 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. 

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

30 

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 

5 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. 

10 

15 

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. 

20 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 

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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secondary packaging offers numerous advantages over sterilization methods involving 

gamma radiation, which are harmful to container contents, require significantly longer 

exposure times for decontamination, and require additional shielding along the 

production line, and cause discoloration of packaging components, Moreover, 

5 sterilization techniques involving gamma radiation cause significant bottlenecks in 

production assembly lines which are eliminated by surface decontamination using 

tunable-beta radiation in an e-beam tunnel. 

In one embodiment, as depicted in Fig. 3, a system 300 - for surface

decontaminating a prefilled container in secondary packaging - includes an electron-

IO beam tunnel 302 equipped with one or more tunable-electron beam generators, shown 

as voltage generators 304. In another embodiment, the one or more tunable-electron

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. 

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 µm 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. 

25 

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). 

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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9823.05 CSi 98 2 100 

2 x treatment 

9823.07 98 2 100 

9823.08 98 2 100 

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 

5 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 H2O2 in solution 

1 O by a fluorescence test using an over-the-counter commercially available kit in 

conjunction with an apparatus with fluorescence detection. 

Example2 

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 µm, 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 

tunnel Dosimeter in 

21 

Absorbed dose 
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Polyethylene bag aluminum bag 1 mm glass slide 

1 pass 30 kGy 1.3 kGy <lOQ(0.1 kGy) 

3 passes 97 kGy 64 kGy <lOQ(0.1 kGy) 

5 passes 207 kGy 105 kGy <lOQ (0.1 kGy) 

The feasibility study showed that already with these not optimized settings of the 

electron beam decontamination tunnel a surface sterilization could be obtained (>= 25 

kGy) when the product was packaged into plastic bags. Even after 5 times passing 

5 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 (1 ml long, ISO) was investigated by measurement of peroxides 

IO 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 1 ml long glass syringe (ISO) [µMal/ml] 

Reference (not treated) 0.04 

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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solution was filtered through a 0.22 µm filter and aseptically filled into pre-sterilized 

glass vials, aseptically closed with a sterile rubber stopper and secured with an 

aluminum crimp cap. 

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 Prefilled Containers 

•i0urll~ir of pciss~s.t~roug~ .. ~-b~~rll. t~nnel .•. \1~·~· (o/o.111ai~· peak)jll=~ •. (°lo. b~sic.p~ak)•i 

t~~f~renc:~.(not.tr~cite~) .......................................... ·198 (97.8) ........................ 11 .. c1 .. ~) ............................ •: 

U.Pcl~S················································································i98(97.8) ........................ :1 .. c1 .. ~) ............................ •: 
l3passes )98 (97.5) j2 (1.5) ! 
.l5passes _______ [98_(97.6) ........................ j1. (1.4) .............................. j 

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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CLAIMS 

We claim: 

5 1. A method for surface decontamination of a prefilled container in secondary 

10 

15 

20 

packaging, comprising: 

applying vaporized-hydrogen peroxide to the surface of the prefilled 

container in secondary packaging; 

allowing vaporized-hydrogen peroxide to remain in contact with the 

prefilled container surface for a sufficient time to decontaminate the prefilled 

container surface; and 

causing a post-decontamination measure to occur to reduce the presence 

of vaporized-hydrogen peroxide, thereby preventing vaporized-hydrogen 

peroxide from diffusing into the prefilled container. 

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. 

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. 

30 

5. The method of any previous claim, wherein the post-decontamination measure 

includes applying a vacuum following the duration of treatment with vaporized

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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6. The method of any of claims 1-4, wherein the post-decontamination measure 

includes applying ultraviolet rays following the duration of treatment with 

vaporized-hydrogen peroxide, thereby inactivating oxidative action of hydrogen 

peroxide vapors. 

7. The method of any of claims 1-4, wherein the post-decontamination measure 

includes gas plasma treatment. 

1 0 8. A method for surface decontamination of a prefilled container in secondary 

15 

20 

packaging, comprising: 

presenting a prefilled container in a secondary package to an electron 

beam tunnel equipped with one or more tunable electron beam generators 

capable of variably generating low-energy beta radiation, and capable of 

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 

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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radiation, sterilization treatment by exposure to steam, and sterilization treatment 

by exposure to vaporizing agents, gases or peroxide forming substances. 

11. The method of any one of claims 8-10, wherein the prefilled container is a 

syringe filled with a solution otherwise sensitive to sterilization treatment by 

gamma radiation, sterilization treatment by exposure to steam, and sterilization 

treatment by exposure to vaporizing agents and gases or peroxide forming 

substances. 

10 12. The method of any one of claims 8-11, wherein the prefilled container is a 

15 

syringe containing a therapeutically effective amount of ranibizumab. 

13. The method of any one of claims 8-12, wherein the penetration depth is 

measured by dosimetry. 

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 10-6 Sterility Assurance Level of the outside of the 

container surface. 

25 16. A system for decontaminating a surface of a prefilled container in secondary 

30 

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 

the prefilled container in the secondary packaging; (ii) allow the vaporized-

hydrogen peroxide to remain in contact with the prefilled-container surface for a 
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predetermined time; and (iii) cause a post-decontamination measure to occur to 

reduce the presence of vaporized-hydrogen peroxide in the chamber, thereby 

preventing vaporized-hydrogen peroxide from diffusing into the prefilled 

container. 

17. A system for surface-decontaminating a prefilled container in secondary 

packaging, the system comprising: an electron-beam tunnel equipped with one or 

more tunable-electron beam generators, the tunable-electron-beam generators, 

configured to (i) variably generate low-energy beta radiation, (ii) oscillate the 

electron beams such that a larger surface of a prefilled container is exposed to 

electron beams; and (iii) 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, 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. 

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 

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

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, 

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 

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. 
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Office Action Summary 

Application No. 

13/382,380 

Examiner 

DONALD SPAMER 

Applicant(s) 

SIGG, JUERGEN 

Art Unit 

4142 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 05 January 2012. 

2a)O This action is FINAL. 2b)IZI This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 G.D. 11, 453 O.G. 213. 

Disposition of Claims 

5)1Zl Claim(s) 1-22 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6)0 Claim(s) __ is/are allowed. 

7)0 Claim(s) __ is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)[8J Claim(s) 1-22 are subject to restriction and/or election requirement. 

Application Papers 

10)0 The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

12)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) [8J Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 
3) 0 Information Disclosure Statement(s) (PTO/SB/08) 

Paper No(s)/Mail Date __ . 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 
6) 0 Other: __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20120627 
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Application/Control Number: 13/382,380 

Art Unit: 4142 

DETAILED ACTION 

Election/Restrictions 

1. Restriction is required under 35 U.S.C. 121 and 372. 

Page 2 

This application contains the following inventions or groups of inventions which are not so linked 

as to form a single general inventive concept under PCT Rule 13.1. 

In accordance with 37 CFR 1.499, applicant is required, in reply to this action, to elect a single 

invention to which the claims must be restricted. 

Group I, claim(s) 1-7 and 22, drawn to a method of surface decontamination using hydrogen peroxide. 

Group II, claim(s) 8-15, drawn to a method of surface decontamination using electron beams. 

Group 111, claim(s) 16 and 20, drawn to a system for surface decontamination with hydrogen peroxide as 

the sterilizing agent. 

Group IV, claim(s) 17, drawn to a system for surface decontamination with electron beams as the 

sterilizing agent. 

Group V, claim(s) 18, drawn to a kit for decontaminating a surface with hydrogen peroxide. 

Group VI, claim(s) 19 and 21, drawn to a kit for decontaminating a surface with electron beams. 

2. The groups of inventions listed above do not relate to a single general inventive concept under 

PCT Rule 13.1 because, under PCT Rule 13.2, they lack the same or corresponding special technical 

features for the following reasons: 

3. Groups I, Ill, and V contain the special technical feature of surface decontamination with 

hydrogen peroxide. Groups II, IV, VI contain the special technical feature of surface decontamination 

using electron beam generation. These are different technologies and thus lack unity. 

4. If the applicant elects groups I, 111, and V then there is a further restriction between these groups 

which share the special technical feature of surface decontamination with hydrogen peroxide. This 

cannot be a special technical feature as described by PCT Rule 13.1 as it has been shown to be known in 
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the prior art. US Patent Application Publication No. 2006/0106349, Kito et al., teaches the concept of 

using hydrogen peroxide to sterilize or decontaminate a surface (paragraph 205). 

5. If the applicant elects groups II, IV, and VI then there is a further restriction between these groups 

which share the special technical feature of surface decontamination using electron beams. This cannot 

be a special technical feature as described by PCT Rule 13.1 as it has been shown to be known in the 

prior art. US Patent Application Publication No. 2006/0106349, Kito et al., teaches the concept of using 

radioactive rays from electron beams to sterilize or decontaminate a surface (paragraph 205). 

6. Applicant is advised that the reply to this requirement to be complete must include (i) an election 

of a species or invention to be examined even though the requirement may be traversed (37 CFR 1.143) 

and (ii) identification of the claims encompassing the elected invention. 

The election of an invention or species may be made with or without traverse. To preserve a right 

to petition, the election must be made with traverse. If the reply does not distinctly and specifically point 

out supposed errors in the restriction requirement, the election shall be treated as an election without 

traverse. Traversal must be presented at the time of election in order to be considered timely. Failure to 

timely traverse the requirement will result in the loss of right to petition under 37 CFR 1.144. If claims are 

added after the election, applicant must indicate which of these claims are readable on the elected 

invention or species. 

Should applicant traverse on the ground that the inventions have unity of invention (37 CFR 

1.475(a)), applicant must provide reasons in support thereof. Applicant may submit evidence or identify 

such evidence now of record showing the inventions to be obvious variants or clearly admit on the record 

that this is the case. Where such evidence or admission is provided by applicant, if the examiner finds 

one of the inventions unpatentable over the prior art, the evidence or admission may be used in a 

rejection under 35 U.S.C. 103(a) of the other invention. 

7. The examiner has required restriction between product or apparatus claims and process claims. 

Where applicant elects claims directed to the producVapparatus, and all producVapparatus claims are 

subsequently found allowable, withdrawn process claims that include all the limitations of the allowable 

product/apparatus claims should be considered for rejoinder. All claims directed to a nonelected process 
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invention must include all the limitations of an allowable producVapparatus claim for that process 

invention to be rejoined. 

Page 4 

In the event of rejoinder, the requirement for restriction between the product/apparatus claims 

and the rejoined process claims will be withdrawn, and the rejoined process claims will be fully examined 

for patentability in accordance with 37 CFR 1.104. Thus, to be allowable, the rejoined claims must meet 

all criteria for patentability including the requirements of 35 U.S.C. 101, 102,103 and 112. Until all claims 

to the elected producVapparatus are found allowable, an otherwise proper restriction requirement 

between producVapparatus claims and process claims may be maintained. Withdrawn process claims 

that are not commensurate in scope with an allowable product/apparatus claim will not be rejoined. See 

MPEP § 821.04. Additionally, in order for rejoinder to occur, applicant is advised that the process claims 

should be amended during prosecution to require the limitations of the producVapparatus claims. Failure 

to do so may result in no rejoinder. Further, note that the prohibition against double patenting 

rejections of 35 U.S.C. 121 does not apply where the restriction requirement is withdrawn by the 

examiner before the patent issues. See MPEP § 804.01. 

Any inquiry concerning this communication or earlier communications from the examiner should 

be directed to DONALD SPAM ER whose telephone number is (571 )272-3197. The examiner can 

normally be reached on Monday through Friday, 9 to 5. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Michael Marcheschi can be reached on 571-272-1374. The fax phone number for the organization where 

this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be obtained from 

either Private PAIR or Public PAIR. Status information for unpublished applications is available through 

Private PAIR only. For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC) 

at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative 

or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/DONALD SPAMER/ 
Examiner, Art Unit 4142 

/SEAN E CONLEY/ 
Primary Examiner, Art Unit 1775 
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New International A~~lication Filed with the USPTO as a Receiving Office 
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and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the 

application: 

Listing of Claims: 

1. (Amended) A method for surface decontamination of a prefilled container in 

secondary packaging, comprising: 

applying vaporized-hydrogen peroxide to the surface of the prefilled container in 

secondary packaging; 

allowing vaporized-hydrogen peroxide to remain in contact with the prefilled 

container surface for a sufficient time to decontaminate the prefilled container surface; 

and 

causing a post-decontamination measure to occur to reduce the presence of 

vaporized-hydrogen peroxide, thereby preventing vaporized-hydrogen peroxide from 

diffusing into the prefilled container, wherein the prefilled container contains 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. 

2. (Original) 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. 

3. (Previously submitted) The method of 1, wherein the prefilled container is a 

syringe containing a therapeutically effective amount of ranibizumab. 

4. (Previously submitted) The method of 1, wherein sufficient time to decontaminate 

the surface of the prefilled container is determined by validation of treatment times and 

compared to a control standard. 

5. (Previously submitted) The method of 1, wherein the post-decontamination 

measure includes applying a vacuum following the duration of treatment with vaporized

hydrogen peroxide, thereby reversing the direction of diffusion of vaporized-hydrogen 

peroxide and preventing intrusion of vaporized-hydrogen peroxide into the prefilled 

container. 

- 2 -
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6. (Previously submitted) The method of 1, wherein the post-decontamination 

measure includes applying ultraviolet rays following the duration of treatment with 

vaporized-hydrogen peroxide, thereby inactivating oxidative action of hydrogen peroxide 

vapors. 

7. (Previously submitted) The method of 1, wherein the post-decontamination 

measure includes gas plasma treatment. 

8. (Withdrawn) A method for surface decontamination of a prefilled container in 

secondary packaging, comprising: 

presenting a prefilled container in a secondary package to an electron beam 

tunnel equipped with one or more tunable electron beam generators capable of variably 

generating low-energy beta radiation, and capable of 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 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. 

9. (Withdrawn) 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. 

10. (Withdrawn) The method of claim 8, wherein the prefilled container is a vial filled with a 

solution or solid otherwise sensitive to sterilization treatment by gamma radiation, 

sterilization treatment by exposure to steam, and sterilization treatment by exposure to 

vaporizing agents, gases or peroxide forming substances. 

11. (Withdrawn) The method of claim 8, wherein the prefilled container is a syringe filled 

with a solution otherwise sensitive to sterilization treatment by gamma radiation, 

sterilization treatment by exposure to steam, and sterilization treatment by exposure to 

vaporizing agents and gases or peroxide forming substances. 

- 3 -
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12. (Withdrawn) The method of claim 8, wherein the prefilled container is a syringe 

containing a therapeutically effective amount of ranibizumab. 

13. (Withdrawn) The method of claim 8, wherein the penetration depth is measured by 

dosimetry. 

14. (Withdrawn) The method or claim 8, 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. 

15. (Withdrawn) The method of claim 8, wherein sufficient energy to decontaminate a 

surface of a prefilled container is that which provides a dose of beta radiation yielding a 

10·6 Sterility Assurance Level of the outside of the container surface. 

16. (Withdrawn; currently amended) 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~ onatale a uaporized hydregen porol<ido to sontast the s1:1riase of the prefilled container 

in the soconElaPf pack-agmg; (ii) allow tho ,,aporized hysrngon porm<iEfe to romail1-4fl. 

contact with the prefilled oontainer s1:1riaoo for a predetermined time; and (iii) cause-a 

post decontamination measure to ocaur t~he presence of vaporized hydrogen 

permc:ide in tho chamber, thereby I:nevonting vaporized hydrogen peroxide from aiff1:1si~ 

into the f)refilled container, wherein the prefillod coAtaiRer oontains a Elrug-;:>~ 

otherwise seflcitive to stefilization treatment ey gamma raEliation, sterili-zalion treatment 

by ei<posure to steai:n, and sterilization treatrneAt by e*posure to 1mporizing a@ents and 

€Ja68S perform the method according to claim 1. 

17. (Withdrawn) A system for surface-decontaminating a prefilled container in secondary 

packaging, the system comprising: an electron-beam tunnel equipped with one or more 

tunable-electron beam generators, the tunable-electron-beam generators, configured to 

(i) variably generate low-energy beta radiation, (ii) oscillate the electron beams such that 

a larger surface of a prefilled container is exposed to electron beams; and (iii) 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 preftlled 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. 

- 4 -
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18. (Withdrawn; currently amended) 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 sealed chamber to (i) ap13ly a vapori2:0El '1yaregen f)eroKide to sontast the 

surfaoe of the prefilled container in the seeondary paskagin§; (ii) allow the vaporii!ed 

hydrogen pero*ide to remain in eontact with the profilled oontainer eur=faee for a 

predetermined time within the sealed ehamber; and (iii) cause a post dee,entamination 

measure to occur to roduse tho presence of 1,1aporiwd l=\ydrogeR-j:)ef-eooae--iA---#le 

ohamber, thereby J'lFO't'Onting vaparize€l l=lydrogen permcido from Eli#using iAte-tl:\e 

profilled oontainer perform the method according to claim 1. 

19. (Withdrawn) A kit for surface-decontaminating a prefilled container in secondary 

packaging, 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 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 thickness of the prefilled container shields 

the contents therein from beta radiation. 

20. (Withdrawn) A system according to claim 16, wherein post-decontamination measure 

includes gas plasma treatment. 

21. (Withdrawn; currently amended) A kit according to claim ~ 1§., wherein post-

decontamination measure includes gas plasma treatment. 

22. (Previously submitted) 

protein solution. 

The method of claim 1, wherein the drug product is a 

- 5 -

Regeneron Exhibit 1068.341 
Regeneron v. Novartis 

IPR2020-01317



UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

13/382,380 01/05/2012 

1095 7590 09/14/2012 

NOVARTIS PHARMACEUTICAL CORPORATION 
INTELLECTUAL PROPERTY DEPARTMENT 
ONE HEALTH PLAZA 101/2 
EAST HANOVER, NJ 07936-1080 

Juergen Sigg 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

PAT053689-US-PCT 9960 

EXAMINER 

SP AMER, DONALD R 

ART UNIT PAPER NUMBER 

1775 

NOTIFICATION DATE DELIVERY MODE 

09/14/2012 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

phip.patents@novartis.com 

PTOL-90A (Rev. 04/07) 

Regeneron Exhibit 1068.342 
Regeneron v. Novartis 

IPR2020-01317

UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTNIENT OF COMNIERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P O, Box 1450
Alexandlia. ViIginia 22313-1450wwwusptogov

 

 
APPI ,II(ATION NO FIIING DATE FIRST NAMED INVENTOR ATTORNEY DO(KET NO. CONFIRMATION NO.

13/382 380 01/05/2012 Juergen Sigg PAT053089-Us-PCT

1095 7590 09/14/2012
NOVARTISpHARMACEUTICALCORPORATION
INTELLECTUAL PROPERTY DEPARTMENT SPAMER, DONALD R
ONE HEALTH PLAZA 101/2

EAST HANOVER, NJ 07936-1080
1775

NOTIFICATION DATE DELIVERY MODE

09/14/2012 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date” to the

following e-rnail address(es):

phip.patcnts @ nova1‘tis.co1n

PTOIrOOA (Rev. 04/07)

Regeneron Exhibit 1068.342

Regeneron v. Novartis

IPR2020-01317



Office Action Summary 

Application No. 

13/382,380 

Examiner 

DONALD SPAMER 

Applicant(s) 

SIGG, JUERGEN 

Art Unit 

4142 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 02 August 2012. 

2a)O This action is FINAL. 2b)IZI This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 G.D. 11, 453 O.G. 213. 

Disposition of Claims 

5)1Zl Claim(s) 1-22 is/are pending in the application. 

5a) Of the above claim(s) 8-21 is/are withdrawn from consideration. 

6)0 Claim(s) __ is/are allowed. 

7)1Zl Claim(s) 1-7 and 22 is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

10)0 The specification is objected to by the Examiner. 

11 )IZI The drawing(s) filed on 05 January 2012 is/are: a)IZI accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

12)1Zl The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

13)[8J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)IZI All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) [8J Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 
3) [8J Information Disclosure Statement(s) (PTO/SB/08) 

Paper No(s)/Mail Date __ . 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 
6) 0 Other: __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20120813 

Regeneron Exhibit 1068.343 
Regeneron v. Novartis 

IPR2020-01317



Application/Control Number: 13/382,380 

Art Unit: 4142 

DETAILED ACTION 

Election/Restrictions 

1. Applicant's election without traverse of claims 1-7 and 22 in the reply filed on 08/02/2012 is 

acknowledged. 

Page 2 

2. Claims 8- 21 are withdrawn from further consideration pursuant to 37 CFR 1.142(b) as being 

drawn to a nonelected inventions, there being no allowable generic or linking claim. Election was made 

without traverse in the reply filed on 08/02/2012. 

Information Disclosure Statement 

3. Tl1e Hsting Gf references in tr1e specification is not a p1Gper infonnation disclosure statei-nent. 37 

CFR 1.98(b} requires a list of all patents, put.liications, applications, Gr Gther information submitted for 

consideration by the Office, and IVPEP § 609,04(a). subsection I. states, "the list may not be incorporated 

into the specification but must be submitted in a separate paper." 

4. The following US Patents were found referenced in the specifications but were not on the IDS: 

7,060,269 Baca et al.; 4,512,951 Koubek; 4,169,123 Moore; and 4,169,124 Forstrom. 

Claim Rejections - 35 USC§ 102 

5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis for 

the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in 
public use or on sale in this country, more than one year prior to the date of application for patent in 
the United States. 

6. Claims 1, 4, 5, 7, and 22 are rejected under 35 U.S.C. 102(b) as being anticipated by US Patent 

Application Publication Number 2003/0003014 Metzner et al. as evidenced by US Patent 6,228,324 

Hasegawa et al. 

7. With regards to claim 1, Metzner et al. teaches a method for surface decontamination of a 

prefilled container in secondary packaging (para [0010-0011]). Metzner et al. teaches the use of 

vaporized hydrogen peroxide in order to sterilize the surfaces of the packaging (para [0019]). Metzner et 

al. also teaches that the hydrogen peroxide is left in contact with the surfaces for a sufficient amount of 
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time to achieve decontamination (para [0032-0033]) and gives an example of about 17 min in each half 

cycle in example 3 (para [0071]). Metzner et al. also teaches the use of post-decontamination measures 

of applying a vacuum (para [0034 - 0035]). The vacuum post decontamination treatment taught by 

Metzner et al. would remove the hydrogen peroxide as evidenced by Hasegawa et al. Hasegawa et al. 

states that the application of a vacuum removes the hydrogen peroxide from inside the packaging 

(column 8 lines 63-67 and column 9 lines 32-38). 

8. In the background of the invention, Metzner et al. teaches that this method can be done on 

temperature sensitive pharmaceutical products (para [0002]). It expands to say that such products are 

sensitive to sterilization with gamma radiation (para [0005]), autoclaving (para [0003]) (exposure to 

steam), and ethylene oxide (since ethylene oxide residue can render the drug product toxic or 

carcinogenic) (gas) (para [0004]). 

9. With regards to claim 2, in the background of the invention, Metzner et al. teaches that this 

method can be done on temperature sensitive pharmaceutical products (para [0002]). It expands to say 

that such products are sensitive to sterilization with gamma radiation (para [0005]), autoclaving (para 

[0003]) (exposure to steam), and ethylene oxide (since ethylene oxide residue can render the drug 

product toxic or carcinogenic) (gas) (para [0004]). In example 3, Metzner et al. teaches that the protein 

drug product is in a carpule (para [0061]). A carpule is the same as a syringe. A carpule is an integral 

part of a syringe and would not be useable to administer a drug without the rest of the syringe. 

10. With regards to claim 4, Metzner et al. teaches determining if the sterilization method is effective 

(para [0037]). This is considered to include testing whether the treatment times are sufficient since 

treatment times are part of the method. Metzner et al. teaches that sterilization effectiveness is 

determined by comparing the reduction factor of colony forming units (CFU) and comparing this value to a 

control standard (para [0037]). The control standard taught by Metzner et al. is that sterilization is 

achieved if log10(CFU) is greater than or equal to 6 (para [0037]). 

11. With regards to claim 5, Metzner et al. teaches a post decontamination measure of applying a 

vacuum following treatment with vaporized hydrogen peroxide (para [0034]). While Metzner et al. does 

not specifically state the intended use of "reversing the direction of diffusion of vaporized hydrogen 
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peroxide and preventing intrusion of vaporized hydrogen peroxide into the prefilled container," the method 

of using a vacuum after effective treatment inherently achieves this. This is affirmatively shown by the 

teaching Hasegawa et al. 

12. Hasegawa et al. states that the application of a vacuum (taught by Metzner et al.) removes the 

hydrogen peroxide from inside the packaging (column 8 lines 63-67 and column 9 lines 32-38). 

13. The prevention of hydrogen peroxide intrusion can be further confirmed when Metzner et al. 

measures the amount of proteins undamaged by the sterilization method and finds that the method 

damaged very little to none of the protein products (para [0076]). 

14. With regards to claim 7, teaches a post decontamination measure that includes a plasma 

treatment (para [0035]). This is considered to be a gas plasma. 

15. With regards to claim 22, Metzner et al. teaches that the hydrogen peroxide vapor sterilization 

method can be used for sterilizing prefilled containers in secondary packaging where the prefilled drug 

product is various proteins (para [0061]). 

Claim Rejections - 35 USC§ 103 

16. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

17. Claim 2 rejected under 35 U.S.C. 103(a) as being unpatentable over US Patent Application 

Publication Number 2003/0003014 Metzner et al. as applied to claim 1 above, and further in view of US 

Patent 6,228,324 Hasegawa et al. 

18. Metzner et al. remains as applied to claim 1 above. Metzner et al. teaches this method can be 

done on temperature sensitive pharmaceutical products (para [0002]). It expands to say that such 

products are sensitive to sterilization with gamma radiation (para [0005]), autoclaving (para [0003]) 

(exposure to steam), and ethylene oxide (since ethylene oxide residue can render the drug product toxic 

or carcinogenic) (gas) (para [0004]). In example 3, Metzner et al. teaches that the protein drug product is 
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in a carpule (para [0061 ]). A carpule is a container for medicine that is administered to the patient with a 

syringe. Metzner thus does not expressly state the use of the method on a syringe in secondary 

packaging. Hasegawa et al. teaches a method for sterilizing a syringe in secondary packaging using 

hydrogen peroxide vapor (abstract and figure 4). A person having ordinary skill in the art at the time of 

the invention would be capable of modifying the method taught by Metzner et al. to sterilize a syringe in 

secondary packaging as shown in Hasegawa et al. in order to provide a sterile drug product by using 

hydrogen peroxide vapor (abstract and figure 4). 

19. Claim 3 rejected under 35 U.S.C. 103(a) as being unpatentable over US Patent Application 

Publication Number 2003/0003014 Metzner et al. as applied to claim 1 above, and further in view of US 

Patent Application Publication 2007/0190058 Shams. 

20. Metzner et al. teaches the limitations of claim 1 as discussed above. Metzner et al. teaches a 

method of using hydrogen peroxide vapor for sterilizing different proteins in secondary packaging (para 

[0061]) at 30°C (para [0063]) and teaches that the treatment did not destroy the protein products (para 

[0076]). Metzner et al. does not specifically mention the use of the method for treating a medical product 

where the prefilled drug is ranibizumab, a protein. The claim recites "therapeutically effective" (implying 

non degraded protein when administered into a body for treatment). A person having ordinary skill in the 

art at the time of the invention would understand that if this method is capable of sterilizing prefilled 

protein drug products in secondary packaging without causing degradation of the proteins that the 

method is capable of treating the specific protein ranibizumab. 

21. Additionally the concept of using ranibizumab delivered by a syringe is also known in the prior art. 

Shams teaches the administration of ranibizumab by syringe injection (para [0128]). A person having 

ordinary skill in the art at the time of the invention would be capable of modifying the method taught by 

Metzner et al. with the addition of ranibizumab being the drug in the syringe, as taught by Shams, in order 

to administer a dose of ranibizumab as a therapuetic drug (abstract and para [0028]) in a sterile manner 

which is desired by Shams who states that the treatment should be formulated, dosed, and administered 

in a fashion consistent with good medical practice (para [0092]) which would include using a sterile 

syringe. 
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22. Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable over US Patent Application 

Publication Number 2003/0003014 Metzner et al. as applied to claim 1 above, and further in view of US 

Patent Application Publication 2005/0226764 Moirandat et al. 

Metzner et al. teaches the limitations of claim 1 as discussed above. Metzner et al. also teaches the use 

of a post decontamination measure using a vacuum (para [0034]) and a plasma treatment (para [0035]). 

23. Metzner et al. does not teach the use of ultraviolet rays in a post decontamination measure. 

24. Moirandat et al. teaches a method of decontaminating a clean room with hydrogen peroxide 

followed by post decontamination measures (para [0008], summary of invention). Moirandat et al. 

teaches that hydrogen peroxide remaining after decontamination can be photochemically broken down by 

UV radiation (ultraviolet rays) into oxygen and water (para [0031]). A person having ordinary skill in the 

art at the time of the invention would have been able to modify the method of Metzner et al. with the 

addition of ultraviolet rays to deactivate hydrogen peroxide vapors rapidly and in the least costly manner 

(Moirandat et al. para [0008]). 

Conclusion 

Any inquiry concerning this communication or earlier communications from the examiner should 

be directed to DONALD SPAM ER whose telephone number is (571 )272-3197. The examiner can 

normally be reached on Monday through Friday, 9 to 5. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Michael Marcheschi can be reached on 571-272-1374. The fax phone number for the organization where 

this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be obtained from 

either Private PAIR or Public PAIR. Status information for unpublished applications is available through 

Private PAIR only. For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC) 

at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative 

or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/DONALD SPAMER/ 
Examiner, Art Unit 4142 

/GORDON R BALDWIN/ 
Supervisory Patent Examiner, Art Unit 4161 
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! I I !PGPUB; : : !17:06 : 
! ....... ..J ............. ..J .............................................................................................. j USPAT ......... ! ........................ ! ................. ..! .......................... ! 
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I I I ! DERWENT i i ! 17:22 i r3 i□i(nishimura and onishi and saiki).pn. i us- i□oJ rN i2012108/W 
! I I ! PGPUB; : : ! 11 : 16 : 
! ....... ..J ............. ..J .............................................................................................. j USPAT ......... ! ........................ ! ................. ..! .......................... ! r 107 I protein same syringe same (hydrogen ! U& :□DJ :LJN ! 2012/08/09! 
I I I peroxide) ! PGPUB; i i ! 11 :28 i 
! ! ! ! USPAT ! ! ! ! 

ILJ□ ~f:~~~i~E:~~e~~;3e ;r~i~i$3 or J ~~~; _jLJLJ ~~1~08/13i 

1[526 l[lo ! (filter or selective$3) same (UV or ! U& !□DJ !LJN ! 2012/08/13! 
! ! ! ultraviolet) same (package or item) and ! PGPUB; ! ! ! 16:46 ! 
I I I "422" .clas. ! USPAT : : ! : r icr□31ooo3o14 I US- i□DJ iLJN i2012/08/13i I I I iPGPUB· i i !17-51 i I I I I USPAT, : : I . : 
11528 l399 rtznerin I us- i□DJ iLJN !2012/08/131 
I I I iPGPUB· i i !17-52 i I I I I USPAT, : : I . : 
11529 r9330 i,hydrogen peroxide and (uv or ultraviolet) I us- i□DJ !LJN ! 2012/08/16! 
i I I iPGPUB· i i t12·54 i I I I I USPAT, : : I . : 
11530 i□1 ! hydrogen peroxide with (uv or ultraviolet) ! US- !□DJ !LJN ! 2012/08/16! 
I I !with(inactivat$3) IPGPUB; i i !12:55 i 
I I I I USPAT ! ! ! ! 
~ ................., ..........................., ................................................................................................................................................................................................................................................................................................ ' ...................................................................... ~ ...................................................................... ~ .................................................- ............................................................................ ~ r1 1□9 I hydrogen peroxide and (uv or ultraviolet) I US- !□DJ !LJN ! 2012/08/16! 
' ' ' d / I ' PGPUB . . ' . I I Ian 42230.ccs. I ; : : !13:47 : 
I I I I USPAT : : ! : 
\ ................. , ........................... , ........................................................................................................................................................................................................................................... , ............................................... ~ ............................................... ~ ................................. - ................................................... ~ 
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35 use §371 DATE: Jartu.ary os, 20·12 

FOR: Surface Decontamination of Prefilled Containers fn Secondary 
Packaging 

Ms::.·Amendment 
· Commissioner fur Patents 
PO Box 1450 
Alexandria, VA 22313~1450 

AMENDMENT 

This Reply is submitted in response to th~ Office Action malled Septemb~r 14; 2012, 

R:ecpn~id~rafion ofthe p.r~s$1itrejections and \Nifhdrawl:'11 of the present reject\ons are 

respectfully requested. 

Amendments to the Claims are reflected In the listing of the claims which begins on 

page2of this paper. 

Remarks/.Argumentitbe~in on page 6 oHhis paper. 
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Amendments to the Claims:. 

This llsting of claims will replace au prior versions, and listings, of claims in the 

application: 

Listing of Claims: 

1 _ {Currently Amended) A method for surface decontamination of a prefiHed 

GaAta-!Mi: s~ring§. in secondary packaging, comprising: 

applying vapodz.ed-t1ydrogen peroxide to the surtace of the prefllled container in 

secondary packaging at ambient pressure; 

allowing vaporfzed-hydrogen peroxide to remain in contact with the prefilled 

container surface for a sufficient time to decontaminate the prefilled container surface at 

ambient pressure; and 

causing a post-decontaminaHon measure to occur to reduce the presence of 

vaporized-hydrogen peroxide, thereby prevenhng vapoitzed-hydrogen peroxide from 

diffusing into the prefil!ed cnntainer, wherein the prefilted container contains a drug 

product otherwise sensitive lo sterilization treatment by gamma radiation, steri!it.ation 

treatment by exposure to steam, and sterilization treatment by exposure to vaporizing 

agents and gases. 

2. (Currently ame.nde:d) The method of claim 1, wherein the f)fefi:ue4,-sootamer-i&-a syringe 

Goniaining contains a drug product otherwise sensitive to sterilization treatment by 

gamma radiation, sterilization treatrnent by exposure to steam, and sterilization treatment 

by exposure to vaporizing agents and gases. 

3; (Currently amended} The method of claim 1, wherein the ,!M~~er-Js.,a syringe 

c~~ contains a therapeutically effective amount of ranibizurnab. 

4, (Previously presented) The method of claim 1, wherein sufficient time to 

decontaminate the swiace of the prefilled oontaineF ~ is determined by validation 

of treatment times and compared to a control standard, 

5. (Currently amended) The method of dairn -1, whei•ein the post-decontamination 

measure includes applyrng a vacuum following the duration of treatment with vaporized

hydrogen peroxide, thereby reversing the direction of diffusion of vaporized-hydrogen 

peroxide and preventing intrusion of vaporized-hydrogen peroxide into the prefilled 

oontainef svringe. 

6. (Previously presented) The method of c!alm 1, wherein the post-decontamination 

measure includes applying ultraviolet rays following the duration of treatment with 

-2~ 
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vaporized-hydrogen peroxide, thereby inactivating oxidative action of hydrogen peroxide 

vapors. 

7. (Previously presented} Thfj rnethod of dalrn i, wherein the post-decontamination 

measure includes g~s plasma treatment 

8, (Withdrawn) A method for surface decontamination of a prefil!ed container in 

secondary packaging, comprising: 

presenting a prefll!ed container in a secondary package to an electron beam 

tunnel equipped with one or more tunable electron beam generators capable of variably 

generating low-energy beta radiation, and capable of oscmating electron bearns such 

that a larger surf ace of the prefil!ed container is exposed to beta radiation during 

decontamination; and 

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

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

of the prefl!led container, Wherein the sutficie.ntamount of beta radiation depends on the 

thickness of the secondary package and the thickness of the prefi!led container, suet, 

that beta radiation is allowed to penetrate the secondary package whHe the thickness of 

the pretmect container shfelds the contents therein fron1 beta radiation, 

9. (Withdrawn) 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 k:Gy, 

10. (Withdrawn) The method of claim 8, wherein the prefilled container is a vial filled with a 

solution or solid othervvfse sensitive to stetiilzaUon treatment by gamma radiation, 

steril!zation treatment by exposure to steam, and sterillzation treatment by exposure to 

vaporizing agents, gases or peroxide forming substances. 

11. (V\/ithdrawn) The method of claim 8, wherein the prefilled container is a syringe filled 

with a solution otherwise sensitive to sterilization treatment by gamma radiation, 

sterilization treatment by exposure to steam, and sterilization treatment by exposure to 

vaporizing agents and gases or peroxide fom1ing substances.. 

12. (V'lbthdrawn) The method of claim 8, wherein the prefiHed container is a syringe 

containing a ttierapeutlca!ly effective amountof ranlbizumab, 

-3-
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13, (Withdrawn) The method of claim 8, wherein tt1e penetration depth is measured by 

dosimetry. 

14. (Withdrawn) The method of claim 8, wherein sufficient energy to decontaminate a 

swiace of a prefilled container is that which provides a dose of beta radiation of at least 

approximately 25 kGy to the container surface. 

15. (Withdrawn) The method of claim 8, wherein sufficlent energy to decontaminate a 

surface of a prefilled container is that which provides a dose of beta radiation yielding a 

i 0-(; Sterility Assurance Level of the outside of the container surface. 

16. (Withdrawn; previously presented) A system for decontaminating a surface of a 

pretllled container ln secondary packaging, tl1e system comprising: 

a sealed chamber; and 

a control unit coupled to the ct1arnber, the control unit configured to automatically 

perforrn the method according to clalrn 1 . 

17 {Withdrawn) A system for surtace-decontaminatlng a prefl!led container in secondary 

packaging, the system comprising: an electror1-beam tunnel equipped with one or rnore 

tunable--electron beam generators, the tunab!e--e!ectron-beam generators, configured to 

(i) variably generat-e low-energy beta radiation, (H) oscillate the electron beams such that 

a larger surface of a prefi!led container is exposed to electron beams; and (iii) apply an 
accelerator voltage to produce a sufficient amount of beta rad ration to decontaminate the 

surface of the prefiUed ctJntalner, 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 

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

18. (Withdrawn; previously presented) A kit for decontaminating the surface of a prefil!ed 

container in secondary packaging in a sealed chamber, the klt comprising: an instruction 

for using the sealed chamber to perform the method according to claim i , 

19. (Withdrawn) A kit for surface-decontaminating a ptefilled container in secondary 

packaging, the kit cornprising: an instruction for (l) variably generating low-energy beta 

radiation to contact the surface of the prefi!led container; and (ii} produce a suffident 

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 

-4-

Regeneron Exhibit 1068.359 
Regeneron v. Novartis 

IPR2020-01317



package and the thickness of the prefilled container such that beta radiation is allowed to 

penetrate the secondaiy package while the thickness of the prefilled container shie!ds 

the contents therein from beta radiation. 

20. (Withdrawn) A system according to claim 16, wherein post-decontamination measure 

includes gas plasma treatment 

21. {Withdr-awn: previously presented) A kit according to claim 18, wherein post-

decontamination measure includes gas plasma treatment 

22. (Previously presented) 

protein solution. 

The method of clairn ·1. wherein the drug product is a 
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Remarks/Arm.unents 

t Claims 

Claims 1-22 are presently pending in thrs patent application. Claims 8- 2·1 have been 

withdrawn as being drnvm to non-elected subject matter. 

Claims 1-3 and 5 are amended without prejudice to specify that the claimed pref11Jed 

container is a syringe. Support for these amendments can be found throughout the 

specification as filed, e.g,, odginal claims 2, 3, 11 and 12, Figure 1, and Paragraphs [00271, 

[0028], [0043] and [0044] of the original specification as published (US 2012/0014524). Thus, 

no new matter has been added. Claim i is further amended to clarify that the application of 

H,.O2 and subsequent step of decontamination of the prefil!ed syringe by H2O2 is done at 

ambient pressure, Le., in ttle absence of a vacuum or low pressure system. Support for this 

amendment can be found throughout the specification as filed, which nowhere contains 

disclosure of a requirement thaUhe app!icat!on of Hz02 and St{bsequent step of decontamination 

of the prefll!ed syringe by HiO2. be performed under vacuum, Thus, this amendment adds no 

new matter, 

Claims 3~ 7 have also been amended to corred a typographical error. The Applicants 

have discovered that the preamble for claims 3,:7 on record reads "[t}he method of 1 », so these 

daims have been corrected so that the preamble reads »(tJhe method of claim 1 . " These 

amendments add 110 new matter. 

AppUcants reserve the right to pursue subject rnatter that remains after the prosecution 

of the present application in a future continuing patent application, for example, a division, 

I!. Rejection under 39 !J,§,C, § 102 ~ Anticipation 

Claims 1, 4, 5, 7 and 22 have been rejected under 35 U,S,C_ § 102 as anticipated by 

published US Patent Appfication 2003/0003014 to Metzner ("Metzner"). According to the 

Examiner, Metzner teaches each and every element of the rejected claims. 

With conceding the validity of the Examiner's rejection, the Applicants have amended 

claim 1 (and thereby claims 4, 5, 1 and 22, which all depend from claim 1) to specify that the 

claimed prefilled container ls a syringe. The Examiner concedes that Metzner does not teach 

sterilization of a syringe in secondary packaging {see Office Action, p. 5, paragraph 18). 

Moreover, claim 1 as amended also carifies that the application of H2O2 and the subsequent 

step of decontamination of the prefilled syringe by H202 occur at ambient pressure. AH of the 

methods disclosed (and claimed) in Metzner require that the secondary packaging be under 

vacuum to achieve pressure to about 400~500 mtorr prior to injection of H2O2 (see Metzer at 

claim 1, Comparative Example 1 (paragraph [0044)), Example 2 (paragraph [005ffj, Example 3 

(paragraph [0070]), Example 4 (paragraph {00831), Example 5 {paragraph [0093]), and Example 

6 (paragraph (0103)). Indeed, nowhere in Metzger is there any teaching or suggestion that the 
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aforementioned steps can be performed in the absence of a vacuum to achieve a low pressure 

environment. 

Therefore, for at least the aforementioned reasons, claim 1 as amended is not 

anticipated by Metzner_ Moreover, because claims 4, 5, 7 and 22 depend from claim 1, these 

claims are not anticipated by Metzner, either. Accordingly, the Applicants respectfully request 

withdrawal of this rejection. 

UL Reiecttons under 35 U.S.C. § 103 tt Obv!omHle$$ 

Claim 2 is rejected under 35 U.S.C. § 103 for obviousness over Metzner in view of US 

Patent 6,228;324 to Hasegawa ("'Hasegawa"). As stated above, the Examiner concedes that 

Metzner does not teach sterilization of a syringe in secondary packaging. The Examiner relies 

on Hasegawa to cure this deficiency of Metzner. 

As stated above, claim 1 as amended specifies that the prefmed container is a syringe, 

and also c.larifies that the application of H2O2 and the subsequent step of decontamination of the 

prefilled syringe by H20 2 occur at ambient pressure. The Appllcants concede that the 

Examiner's reliance on Hasegawa for its disclosure that the prefiHed container can be a syringe 

is well placed. However, the surface sterllization methods of Hasegawa also require that a 

vacuum environment is established pdor to supplying the system with H2O2 (see Hasegawa at 

Flg. 1, and column 8, lines 30~37 CSuccess¼ve!y, after the operation of the vacuum pump (52) 

on the pressuHHeducing line (8) is stopped or changed~over to idling and the sluice valves {62) 

and (63) are closed, the hydrogen p,..~roxkie gas ls fed through the supply line (A) for hydrogen 

peroxide gas")). Thus, Hasegawa cannot be relied upon to cure the second deficiency of 

Metzner, namely that the methods accordlng to Metzner require establishment of a vacuum 

environment prior to supplying the system with H20i, while the claimed rnethod is performed at 

ambient pressure, 

Therefore, for at least the aforementioned reasons, claim ·1 as :amended is not obvious 

over Metzner in vlew of Hasegawa, And. because claim 2 depends from claim 1. claim 2 cannot 

be obvious aver Metzner !n view of Hasegawa, either, Accordingly, the Applicants respectfully 

request withdrawal of this rejection .. 

Claim 3 is rejected under 35 U.S. C. § ·103 for obviousness over Metzner in view of 

published US Patent Application 2007/0t90058 to Shams ("Shams"}. The Examiner concedes 

that Metzner does not teach sterilization of a syringe containing raniblzumab. The Examiner 

relies on Shams to cure this deficiency of Metzner_ On the basis of the amendment to claim 1 

clarifying that the application of H2O2 and the subsequent step of decontamination of the 

prefi!led syringe by H2Oi occur at ambient pressure., the Applicants traverse, 

More specifically, because Shams does not disdose any method for surface sterilization 

of prefil!ed syringes, it cannot curn this deficiency of Metzner_ 
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Therefore, for at least the aforementioned reasons, claim 1 as amended is not obvious 

over Metzner in view of Shams. i\nd, because claim 3 depends from claim 1, c!alm 3 cannot be 

obvious over Metzner 1n view of SJiarns, either, Accordingly, the Applicants respectfully request 

withdrawal of this rejection, 

Claim 6 is rejected under 35 U.S.C § ·103 for obviousness over Metzner in view of 

published US Patent Application 2005/0226764 to Moirandat ("Moirandaf'). The Examiner 

concedes that Metzner does not teach a post-decontamination step using ultraviolet radiation. 

The Examiner relies on Moirandat to cure this deficiency of Metzner. On the basis of the 

amendment to claim 1 clarifying that the application of H20 2 ahd the subsequent step of 

decontamination of the prefil!ed. syringe by H202 occur at ambient pressure, the Applicants 

traverse. 

More specifically, because Moirandat does not disclose any method for surface 

steri!iz:ation of ptefllled syringes, it cannot cure this cleficiency of MetzneL 

Therefore, for at least the aforementioned reasons, claim 1 as amended is not obvious 

over Metzner in v.iew of Moirandat. And, because claim 3 depends frorn claim 1, claim 3 cannot 

be obvious over Metzner in view of Molrandat, eiiher. ,i.\ccordingly, the Applicants respectfully 

request withdrawal of this rejection. 

IV, Conclusion 

Applicants believe that the foregoing constrtutes a complete and full response to the 

Action of record. IHhere are any issues that can be resolved by a tetephone conference, the 

Examiner is invited to call the ur1dersigned attorney, 

Novartis Pharmaceuticals Corporafon 
One Health Plaza, Bldg. 101 
East Hanover, N,J 07936 
+·1 86.2 7785816 

Date: December '12, 2012 

Respectfully submitted, 

/ Andrew Holmes I 

Andrew Holmes 
Agent for Applicant 
Reg. No, 51,813 
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Sir: 
This paper is being filed: 
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Office Action Summary 

Application No. 

13/382,380 

Examiner 

DONALD SPAMER 

Applicant(s) 

SIGG, JUERGEN 

Art Unit 

1775 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 12 December 2012. 

2a)IZI This action is FINAL. 2b)O This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 G.D. 11, 453 O.G. 213. 

Disposition of Claims 

5)1Zl Claim(s) 1-22 is/are pending in the application. 

5a) Of the above claim(s) 8-21 is/are withdrawn from consideration. 

6)0 Claim(s) __ is/are allowed. 

7)1Zl Claim(s) 1-7 and 22 is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway 
program at a participating intellectual property office for the corresponding application. For more information, please see 
htto:/iwww.uspto.aov/oatents/init events/pph/index.is_p or send an inquiry to PPHfeedback@uspto.qov. 

Application Papers 

1 0)IZI The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) [8J Notice of References Cited (PTO-892) 

2) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 12/12/2012. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 09-12) 

3) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

4) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20121217 
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Application/Control Number: 13/382,380 

Art Unit: 1775 

DETAILED ACTION 

1. The amendment filed 12/12/2012 has been received and considered for examination. 

Response to Arguments 

Page 2 

2. Applicant's arguments with respect to claims 1-7 and 22 have been considered but are moot in 

view of the new grounds of rejection. Applicant's amendment necessitated the new grounds of rejection. 

The newly relied upon prior art of Dalmasso et al. (US Patent 5,788,941) teaches the newly claimed 

limitation regarding "ambient pressure". See rejection below. 

3. The Applicant remarks that the addition of requiring the application of hydrogen peroxide and 

subsequent decontamination to be carried out at ambient pressure is not new matter since there is no 

teaching of a requirement that it be carried out at a reduced pressure. This argument is not persuasive 

because the specification does not disclose or teach that the pressure is ambient during the application 

and decontamination. 

Specification 

4. The amendment filed 12/12/2012 is objected to under 35 U .S.C. 132(a) because it introduces 

new matter into the disclosure. 35 U.S.C. 132(a) states that no amendment shall introduce new matter 

into the disclosure of the invention. The added material which is not supported by the original disclosure 

is as follows: the limitation that the vaporized hydrogen peroxide is applied to the prefilled container in 

secondary packaging and that the hydrogen peroxide remains long enough to decontaminate the surface 

occurs at ambient pressure. 

Applicant is required to cancel the new matter in the reply to this Office Action. 

Claim Rejections - 35 USC§ 112 

5. The following is a quotation of 35 U.S.C. 112(a): 
(a) IN GENERAL.-The specification shall contain a written description of the invention, and of the 
manner and process of making and using it, in such full, clear, concise, and exact terms as to enable any 
person skilled in the art to which it pertains, or with which it is most nearly connected, to make and use 
the same, and shall set forth the best mode contemplated by the inventor or joint inventor of carrying out 
the invention. 

The following is a quotation of 35 U.S.C. 112 (pre-AIA), first paragraph: 
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The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art 
to which it pertains, or with which it is most nearly connected, to make and use the same and shall set 
forth the best mode contemplated by the inventor of carrying out his invention. 

6. The following is a quotation of 35 U.S.C. 112(b): 

(B) CONCLUSION.-The specification shall conclude with one or more claims particularly pointing out 
and distinctly claiming the subject matter which the inventor or a joint inventor regards as the invention. 

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming 
the subject matter which the applicant regards as his invention. 

7. The following is a quotation of 35 U.S.C. 112(d): 
(d) REFERENCE IN DEPENDENT FORMS.-Subject to subsection (e), a claim in dependent form shall 
contain a reference to a claim previously set forth and then specify a further limitation of the subject 
matter claimed. A claim in dependent form shall be construed to incorporate by reference all the 
limitations of the claim to which it refers. 

8. Claims 1-7 and 22 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AIA), first 

paragraph, as failing to comply with the written description requirement. The claim(s) contains subject 

matter which was not described in the specification in such a way as to reasonably convey to one skilled 

in the relevant art that the inventor or a joint inventor, or for pre-AIA the inventor(s), at the time the 

application was filed, had possession of the claimed invention. 

The amendment to claim 1 adds the limitation that the vaporized hydrogen peroxide is applied to 

the prefilled container in secondary packaging and that the hydrogen peroxide remains long enough to 

decontaminate the surface occurs at ambient pressure. There is no teaching in the specification that this 

occurs at ambient pressure. Since claims 2-7 and 22 all depend on claim 1, they also contain all the 

limitations of claim 1 and thus are also rejected for containing new matter. 

9. Claims 1-7 and 22 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second 

paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject matter 

which the inventor or a joint inventor, or for pre-AIA the applicant regards as the invention. 

10. Claim 1 recites the limitation "the prefilled container" in lines 3, 5, 6, and 10. There is insufficient 

antecedent basis for this limitation in the claim. 
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Claims 2-7 and 22 are rejected for being dependent on claim 1 and thus containing the limitation 

"the prefilled container" as well. 

11. Claim 2 is rejected under 35 U.S.C. 112, 4th paragraph, as being of improper dependent form for 

failing to further limit the subject matter of tile claim upon which it depends, or for faiiin;i to include all tl,e 

limitations of t!1e claim upon whicl, it depends. Since claim 1 llas been amended to include the limitation 

of a syrin!Je (instead of a p:efilied container) tile limitations of tile dependent claim 2 are nm,v a!ready 

claimed in tile independent c!aim , . Applicant may cancel the claim(s), amend the claim(s) to p!ace the 

clairn(s) in proper dependent forrn, rewrite the c!airn(s) in inc1ependent fon,,, or present a sufficient 

showin~1 t1"1at tile dependent clai1,,(s) corn plies with tile statutory requirements. 

Claim Rejections - 35 USC§ 103 

12. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

13. Claims 1, 4, 5, 7, and 22 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Metzner et al. (US Patent Application Publication Number 2003/0003014) as evidenced by Hasegawa et 

al. (US Patent 6,228,324) and in view of Hasegawa et al. (US Patent 6,228,324) and Dalmasso et al. (US 

Patent 5,788,941). 

With regards to claim 1, Metzner et al. teaches a method for surface decontamination of a 

prefilled container in secondary packaging (para [0010-0011]). Metzner et al. teaches the use of 

vaporized hydrogen peroxide in order to sterilize the surfaces of the packaging (para [0019]). Metzner et 

al. also teaches that the hydrogen peroxide is left in contact with the surfaces for a sufficient amount of 

time to achieve decontamination (para [0032-0033]) and gives an example of about 17 min in each half 

cycle in example 3 (para [0071]). Metzner et al. also teaches the use of post-decontamination measures 

of applying a vacuum (para [0034 - 0035]). The vacuum post decontamination treatment taught by 
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Metzner et al. would remove the hydrogen peroxide as evidenced by Hasegawa et al. Hasegawa et al. 

states that the application of a vacuum removes the hydrogen peroxide from inside the packaging 

(column 8, lines 63-67 and column 9, lines 32-38). 

Metzner et al. teaches this method can be done on temperature sensitive pharmaceutical 

products (para [0002]). It expands to say that such products are sensitive to sterilization with gamma 

radiation (para [0005]), autoclaving (para [0003]) (exposure to steam), and ethylene oxide (since ethylene 

oxide residue can render the drug product toxic or carcinogenic) (gas) (para [0004]). In example 3, 

Metzner et al. teaches that the protein drug product is in a carpule (para [0061]). A carpule is a container 

for medicine that is administered to the patient with a syringe. Metzner thus does not expressly state the 

use of the method on a syringe in secondary packaging. Hasegawa et al. teaches a method for sterilizing 

a syringe in secondary packaging using hydrogen peroxide vapor (abstract and figure 4). A person 

having ordinary skill in the art at the time of the invention would be capable of modifying the method 

taught by Metzner et al. to sterilize a syringe in secondary packaging as shown in Hasegawa et al. in 

order to provide a sterile drug product by using hydrogen peroxide vapor (abstract and figure 4). 

The method taught by Metzner includes a step of lowering the pressure in the treatment chamber 

below ambient atmospheric pressure prior to the application of hydrogen peroxide and subsequent 

decontamination. Dalmasso et al. teaches a method for sterilizing a biological medical product that is 

sensitive to traditional heat, gamma ray, and ethylene oxide sterilization methods (the proteins in bone 

can be denatured by heat, gamma ray, and ethylene oxide methods) by applying hydrogen peroxide 

vapor (abstract and column 1, lines 31-60). Delmasso et al. teaches that effective sterilization can be 

achieved at atmospheric (ambient) pressure and room temperature (column 7, lines 40-53). A person 

having ordinary skill in the art at the time of the invention would have found it obvious to simplify the 

method taught by Metzner by applying the hydrogen peroxide vapor causing subsequent decontamination 

at ambient (atmospheric) pressure (removing a step of evacuating the chamber to near vacuum prior to 

the application and decontamination) motivated by simplifying the method taught by Metzner (saving 

energy by having to run the vacuum less) with a reasonable expectation of success as taught by 

Delmasso et al. 
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With regards to claim 4, Metzner et al. teaches determining if the sterilization method is effective 

(para [0037]). This is considered to include testing whether the treatment times are sufficient since 

treatment times are part of the method. Metzner et al. teaches that sterilization effectiveness is 

determined by comparing the reduction factor of colony forming units (CFU) and comparing this value to a 

control standard (para [0037]). The control standard taught by Metzner et al. is that sterilization is 

achieved if log10(CFU) is greater than or equal to 6 (para [0037]). 

With regards to claim 5, Metzner et al. teaches a post decontamination measure of applying a 

vacuum following treatment with vaporized hydrogen peroxide (para [0034]). While Metzner et al. does 

not specifically state the intended use of "reversing the direction of diffusion of vaporized hydrogen 

peroxide and preventing intrusion of vaporized hydrogen peroxide into the prefilled container," the method 

of using a vacuum after effective treatment inherently achieves this. This is affirmatively shown by the 

teaching Hasegawa et al. 

Hasegawa et al. states that the application of a vacuum (taught by Metzner et al.) removes the 

hydrogen peroxide from inside the packaging (column 8, lines 63-67 and column 9, lines 32-38). 

The prevention of hydrogen peroxide intrusion can be further confirmed when Metzner et al. 

measures the amount of proteins undamaged by the sterilization method and finds that the method 

damaged very little to none of the protein products (para [0076]). 

With regards to claim 7, teaches a post decontamination measure that includes a plasma 

treatment (para [0035]). This is considered to be a gas plasma. 

With regards to claim 22, the combination of Metzner et al. and Hasegawa et al. teaches that the 

hydrogen peroxide vapor sterilization method can be used for sterilizing prefilled syringes in secondary 

packaging where the prefilled drug product is various proteins (Metzner et al. para [0061]). 

14. Claim 3 rejected under 35 U.S.C. 103(a) as being unpatentable over Metzner et al. (US Patent 

Application Publication Number 2003/0003014 ), Hasegawa et al. (US Patent 6,228,324), and Dalmasso 

et al. (US Patent 5,788,941) as applied to claim 1 above, and further in view of Shams (US Patent 

Application Publication 2007/0190058). 
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Metzner et al. teaches the limitations of claim 1 as discussed above. Metzner et al. teaches a 

method of using hydrogen peroxide vapor for sterilizing different proteins in secondary packaging (para 

[0061]) at 30°C (para [0063]) and teaches that the treatment did not destroy the protein products (para 

[0076]). Metzner et al. does not specifically mention the use of the method for treating a medical product 

where the prefilled drug is ranibizumab, a protein. The claim recites "therapeutically effective" (implying 

non degraded protein when administered into a body for treatment). A person having ordinary skill in the 

art at the time of the invention would understand that if this method is capable of sterilizing prefilled 

protein drug products in secondary packaging without causing degradation of the proteins that the 

method is capable of treating the specific protein ranibizumab. 

Additionally the concept of using ranibizumab delivered by a syringe is also known in the prior art. 

Shams teaches the administration of ranibizumab by syringe injection (para [0128]). A person having 

ordinary skill in the art at the time of the invention would be capable of modifying the method taught by 

Metzner et al. with the addition of ranibizumab being the drug in the syringe, as taught by Shams, in order 

to administer a dose of ranibizumab as a therapuetic drug (abstract and para [0028]) in a sterile manner 

which is desired by Shams who states that the treatment should be formulated, dosed, and administered 

in a fashion consistent with good medical practice (para [0092]) which would include using a sterile 

syringe. 

15. Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable Metzner et al. over (US Patent 

Application Publication Number 2003/0003014), Hasegawa et al. (US Patent 6,228,324), and Dalmasso 

et al. (US Patent 5,788,941. as applied to claim 1 above, and further in view of Moirandat et al. (US 

Patent Application Publication 2005/0226764). 

Metzner et al. teaches the limitations of claim 1 as discussed above. Metzner et al. also teaches 

the use of a post decontamination measure using a vacuum (para [0034]) and a plasma treatment (para 

[0035]). 

Metzner et al. does not teach the use of ultraviolet rays in a post decontamination measure. 

Moirandat et al. teaches a method of decontaminating a clean room with hydrogen peroxide 

followed by post decontamination measures (para [0008], summary of invention). Moirandat et al. 
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teaches that hydrogen peroxide remaining after decontamination can be photochemically broken down by 

UV radiation (ultraviolet rays) into oxygen and water (para [0031 ]). A person having ordinary skill in the 

art at the time of the invention would have been able to modify the method of Metzner et al. with the 

addition of ultraviolet rays to deactivate hydrogen peroxide vapors rapidly and in the least costly manner 

(Moirandat et al. para [0008]). 

Conclusion 

16. Applicant's amendment necessitated the new ground(s) of rejection presented in this Office 

action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicant is reminded of 

the extension of time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE MONTHS from 

the mailing date of this action. In the event a first reply is filed within TWO MONTHS of the mailing date 

of this final action and the advisory action is not mailed until after the end of the THREE-MONTH 

shortened statutory period, then the shortened statutory period will expire on the date the advisory action 

is mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later than SIX 

MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the examiner should 

be directed to DONALD SPAM ER whose telephone number is (571 )272-3197. The examiner can 

normally be reached on Monday through Friday, 9 to 5. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Michael Marcheschi can be reached on 571-272-1374. The fax phone number for the organization where 

this application or proceeding is assigned is 571-273-8300. 
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Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR system, 

see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/DONALD SPAMER/ 
Examiner, Art Unit 1775 

/SEAN E CONLEY/ 
Primary Examiner, Art Unit 1775 

Regeneron Exhibit 1068.381 
Regeneron v. Novartis 

IPR2020-01317



Application/Control No. Applicant(s)/Patent Under 
Reexamination 

13/382,380 SIGG, JUERGEN 
Notice of References Cited 

Examiner Art Unit 

DONALD SPAMER 1775 
Page 1 of 1 

U.S. PATENT DOCUMENTS 

* 
Document Number Date 

Country Code-Number-Kind Code MM-YYYY Name Classification 

* A US-5,788,941 08-1998 Dalmasso et al. 422/33 

B US-

C US-

D US-

E US-

F US-

G US-

H US-

I US-

J US-

K US-

L US-

M US-

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Code-Number-Kind Code MM-YYYY Country Name Classification 

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

V 

w 

X 

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20121217 

Regeneron Exhibit 1068.382 
Regeneron v. Novartis 

IPR2020-01317



EAST Search History 

EAST Search History 

EAST Search History (Prior Art} 

lrtJr:=1rsearch .. Query ............................................................. IE=i!g~~~~~r .JB ~!~~p ...... 1 
11S1 l□I (decontaminating or sterliz$3) same I U& :foT7[6N7 2012/06/27: 

I I I (prefilled) I PGPUB; t .................... JL .............. J 07:45 : 

iu:□51: (·d·~~~~t·~~·;~·~ti~g .. ~·~ .. ~t~~·;,;;$3) .. ;~~·~ .............. : ~~AT ....... 10DJ 1LJN: 20·1 .. 21·06/271 
I i i (prefilled) I PGPUB· i i i 07"49 i 

1 ........ J .............. J .............................................................................................. J USPAT ' ........ 1 ........................ 1 ................. J ...... · ................... 1 r 101 I (decontaminating or steriliz$3) same I U& :□DJ 'ION 1201210612?, I I I (prefilled) and hydrogen peroxide I PGPUB; : : ! 08:42 : 

1 .......... 1 ................ 1 .............................................................................................. j USPAT ......... : ........................ : ................... ! .......................... : r 1□1 i ("6027482" I "4452473" I "4266815" I ! U& :□DJ :□N ! 2012/08/08! I I I "5184742" I "5609584" I "5855568" I ! PGPUB; i i ! 10:02 i 
I I I "6632199" I "6004295" I "5047021" I ! USPAT i i ! i 
1 .......... 1 ................ l "5702374".J .. "5755696") .. PN ................................. ! ......................... : ......................... : ................... ! .......................... : 

l[ss 1□11"5779973".pn. ! u& :foT7PN72012108/08: 

1 i i i PGPUB· t .................... JL .............. J 10·08 : 

i1S8 i[212 1[604/199 ~Is i [~:: i1ADJ i10N i ~~1ts06/08! 

11s7 r51 ilterminal steriliz$ ! U& i~[oN7 2012/08/08i 

i I I i PGPUB· l ...................... .11... .............. .J 11 "46 i 

11S8 I[ 116 I terminal 5' eri liz$ and l (pre-filled or : ~~AT, IIADJ IION : 2012/ 061 osi 
I I I prefilled) syringe) ! PGPUB; : : ! 11 :47 : 
I I I ! USPAT : : ! : 
l[S8 i[]2 I terminal steriliz$ same ((pre-filled or ! U& i□DJ iLJN ! 2012/08/08i 
I I I prefilled) syringe) ! PGPUB; : : ! 11 :48 : 
I I I ! USPAT : : ! : 

11s10 iC.W"200610106349").URPN. 1r::= .. J1ADJ jloN I ~~~~~o8/o8j 

i[s11 i□1 I (decontaminating or steriliz$3) same (pre-! U& i□DJ iLJN ! 2012/08/08i 
I I !filled) and hydrogen peroxide ! PGPUB; : : ! 12:02 : 
I I I ! USPAT : : ! : r2 ID4 I ("4230663" I "4878903" I "5407070" I ! U& i□DJ i□N ! 2012/08/08i 
I I 1"5615772" I "5792422" I "5817065").PN. IPGPUB; : : !12:20 : 
I i i OR ("6228324") URPN I USPAT· i i i i I I I . . I USCCR I I I I r3 i□6 I "422".clas. and ((pre-filled or prefilled) I U& :□DJ :□Ni 2012/08/08: 
I I I (syringe or container)) I PGPUB; : : ! 13:26 : 
i i i i us□'AJ· : : i : i \ \ : r, ' . . ~ . 

I I I I USCCR : : ! : 

1'814124 i ("4226410" I "4236731" I "4947620" I i U& . ADJ . ON i 2012/08/08; 
I I I "4962856" "5033252" "5052558" I PGPUB; ! 15:39 
I I I "5178267" "5178277" "5217772" I USPAT; ! 
I I I "5220769" "5536356" "5571361" I USCCR ! 
I I I "5590778" "5715943" "5830547" I ! 
1 I I "5868244" "5949032" "5976299" 1 1 

I I 1 "6034008" "6117505" "6228324" I ! I I I l ~ 

file:///CI/U sers/dspamer/Documents/e-Red%20Folder/13382380/EASTSearchHistory .13382380_Accessible Version.htm[ 12/18/2012 1: 10:06 PM] 

Regeneron Exhibit 1068.383 
Regeneron v. Novartis 

IPR2020-01317



EAST Search History 

ll 11 11"6419392" I "6449925"). PN. OR ll i[ i[ 11 i 
I I I("6986730").URPN. I : : i : 

i[s15 i1~I(''4878903").URPN. i[uSPAT i~i[oN i 2012/08/08i 
! .......... I L ............ J ................................................................................................ ! ........................ i L ...................... J ................... ! 1. 6 :.1 6 ............. i 
!IS16I[376 I[206/364.ccls. !IUSPAT J.aDJjfoN72012108/08! 
! .......... ! ............... ! ................................................................................................ ! ........................ j L. ...................... j ! ................ J 1. 6 : 3 5 ........... j 
1Is11 I□! 206/364.ccls. and (hydrogen peroxide) !IUSPAT JAf)JjfoN7 2012/08/08! 
I I I ! t ...................... l .............. J 16:36 i 
ils18 ILJ119 rnibizumab i us- i□DJ iLJN i2012/08/08i I I I ! PGPUB· : : i 16"42 : '□1□1· ................................................................................................ USPAT• ... j□:LJ! ...... -................ J 
!S19!527 !ranibizumabandsyringe !U& !ADJ !ON !2012/08/08! 
I I I i PGPUB· i i i 16"43 i 

I ........ ..I .............. ..1 .............................................................................................. ..1 USPAT' ........ l ........................ ! ................. J ...... -................... l 
1[520 r22 i ranibizumab and syringe and (hydrogen I us- l□DJ !LJN ! 2012/08/08! 
i I I peroxide) i PGPUB· i i i 16"43 i 

I ........ ..I .............. ..1 .............................................................................................. ..1 USPAT' ........ l ........................ ! ................. J ...... -................... l r 1[]5 i 206/364.ccls. and (hydrogen peroxide) ! U& !□DJ '[°N 12□12108/DBI 
! I I !PGPUB; : : !17:06 : 
! ....... ..J ............. ..J .............................................................................................. j USPAT ......... ! ........................ ! ................. ..! .......................... ! 
i[S22 IEJ95 !!syringe and (hydrogen peroxide) ! EPO; JPO; :E=7DJ :EJN ! 2012/08/08! 
I I I ! DERWENT i i ! 17:22 i r3 i□i(nishimura and onishi and saiki).pn. i us- i□oJ rN i2012108/W 
! I I ! PGPUB; : : ! 11 : 16 : 
! ....... ..J ............. ..J .............................................................................................. j USPAT ......... ! ........................ ! ................. ..! .......................... ! r 107 I protein same syringe same (hydrogen ! U& :□DJ :LJN ! 2012/08/09! 
I I I peroxide) ! PGPUB; i i ! 11 :28 i 
! ! ! ! USPAT ! ! ! ! 

ILJ□ ~f:~~~i~E:~~e~~;3e ;r~i~i$3 or J ~~~; _jLJLJ ~~1~08/13i 

1[526 l[lo ! (filter or selective$3) same (UV or ! U& !□DJ !LJN ! 2012/08/13! 
! ! ! ultraviolet) same (package or item) and ! PGPUB; ! ! ! 16:46 ! 
I I I "422" .clas. ! USPAT : : ! : r icr□31ooo3o14 I US- i□DJ iLJN i2012/08/13i I I I iPGPUB· i i !17-51 i I I I I USPAT, i i I . i 
11528 l399 rtznerin I us- i□DJ iLJN !2012/08/131 
I I I iPGPUB· i i !17-52 i I I I I USPAT, i i I . i 
11529 r9330 i,hydrogen peroxide and (uv or ultraviolet) I us- i□DJ !LJN ! 2012/08/16! 
i I I iPGPUB· i i t12·54 i I I I I USPAT, i i I . i 
11530 i□1 ! hydrogen peroxide with (uv or ultraviolet) ! US- !□DJ !LJN ! 2012/08/16! 
I I !with(inactivat$3) IPGPUB; i i !12:55 i 
I I I I USPAT ! ! ! ! 
~ ................., ..........................., ................................................................................................................................................................................................................................................................................................ ' ...................................................................... ~ ...................................................................... ~ .................................................- ............................................................................ ~ r1 1□9 I hydrogen peroxide and (uv or ultraviolet) I US- !□DJ !LJN ! 2012/08/16! 
' ' ' d / I ' PGPUB . . ' . I I Ian 42230.ccs. I ; : : !13:47 : 
I I I I USPAT : : ! : 

11532 icr□7/0190058 I US- i□DJ iLJN i 2012/08/2oi I I I I PGPUB· : : i 08·54 : I I I I USPAT, i i I . i 
11533 i□i~"20070190058" I US- l□DJ :LJN i2012/08/20! 
I I I I PGPUB· : : i 08·54 : I I I I USPAT, i i I . i 
11534 in:("4169123" I "4169124" I "4512951" I 11us- ilADu ilON j2012/t2/t7i 

file:///CI/U sers/dspamer/Documents/e-Red%20Folder/13382380/EASTSearchHistory .13382380_Accessible Version.htm[ 12/18/2012 1: 10:06 PM] 

Regeneron Exhibit 1068.384 
Regeneron v. Novartis 

IPR2020-01317



EAST Search History 

12/18/2012 1 :09:52 PM 
C:\ Users\ dspamer\ Documents\ EAST\ Workspaces\ 13382380.wsp 

file:///CI/U sers/dspamer/Documents/e-Red%20Folder/13382380/EASTSearchHistory .13382380_Accessible Version.htm[ 12/18/2012 1: 10:06 PM] 

Regeneron Exhibit 1068.385 
Regeneron v. Novartis 

IPR2020-01317



Application/Control No. 

Search Notes 13382380 

Examiner 

DONALD SPAMER 

SEARCHED 

Class Subclass 
422 (text lim itated) 
422 30 (text limited) 
206 364 (text limited) 
604 199 

SEARCH NOTES 

Search Notes 
Inventor Search in eDAN 
East search history attached 
Updated East search history attached 

INTERFERENCE SEARCH 

Class I Subclass 
I 

U.S. Patent and Trademark Office 

I 
I 

Applicant( s )/Patent Under 
Reexamination 

SIGG, JUERGEN 

Art Unit 

4142 

Date 
08/13/2012 
08/16/2012 
08/08/2012 
08/08/2012 

Date 
08/16/2012 
08/16/2012 
12/18/2012 

Date 

Examiner 
Donald Spamer 
Donald Spamer 
Donald Spamer 
Donald Spamer 

Examiner 
Donald Spamer 
Donald Spamer 
DS 

I Examiner 
I 

Part of Paper No.: 20121217 

Regeneron Exhibit 1068.386 
Regeneron v. Novartis 

IPR2020-01317



Receipt date: 12/12/2012 

Complete if Known 
' 

INFORMATION DISCLOSURE 
STATEMENT BY APPLICANT 

App!,cation Number i 13/3823:S0 
_ Filing Date ......................... r~j~-l):-_--1?-),-2-0-. ·1-0-.. -... -.. -... -.. -... -... -.. -... -... -.. -... -.. -... --;.19 

,.f>rst N~!!i~!?..!!::~'.'!'P._\9r ! Sioq, Juergen i 
{Use as many sheets as ne-cessary) Art unif t 4 '142 I 

Examiner Name ; SPAMER DONALD ROBER 1 
~ .nnnnnnn••~•-------

Shee:t j L. of.-.,....... i----------91-A-l-to_r_r~·;:·o~~;k·~t-:~i~;~~ber PAT053689-US-PGT I 

f.=~1t:n~n:t~r 
fnHktl~~ 

,_ _____ Do~unw:rit Nu-l:ntcc•'i;i;;.r ____ -----l 
Numbt: r -tJ.ln.;.1 · Gu.:-Je:.:N !-.~·,,.,~!.-

P~~1:;e;~ ti:ot~ Date 
MM-Dt:-'T''fYY 

ra-qe~, cniu-~~~s.. ur ... 1s'. \<\''h!l-xe 
B!;:~t:":v1-1:n:. P-a~~-a-J-t}S -.:,f B!!:~elii~)r)~ 

F,~~H°e$ .•~i:-a:,:,.~ 

us 7,060,269 

us 4,512,95·1 

us 4,169,123 

us 4,169,124 
us-

US-

US-

f--------~---····· .. ·················· 
E::.:.-amki~~ 

li~U$-'f!j:~ 

06-13-2006 

~uPli~~'lh~•n tJ.-'Jf.e 
MM-OV-YY'N 

Baca et a! 

Koubek. 

Moore etal 

Forstrom et a! 

C?.:::ig~s Cu!~mn~, [hrs·s. 
V!Jh~t~ R6{~V3H~ P:el~~a~~.$ Vt 

Re~v;:i~.t iVi~,;~.wes ¾ipe..~ T.; 

0 

□ 

□ 
□ ---------+---------------- --

Examiner 
Si nature /Donaid Spamer/ 

Date 
Considered 12/18/2012 

'EXAMINER lnilk'.ll 1f relerer,ce considen,d, whetr.er ,:ir not dtatiOri is in wnfonnance .,\'itii MPH~ '6.09'. Dri3W i3 imE through citation if not in con!ormar,c.e 
,~rn:! nul comkiered. lndude COP\" cf this form wllli me next communica!1on to applicant. 'Appih:;or.fs ,;nique dtation des,ignalion riumt~r (oplfo.'1ai)_ 2 

See Kimi Code~ 01 USl''TO Pal<i<'ll Oocumsnls at www.,J,;p!o.gov or MPEP 901.04. 3 Emsr omce lM! ~'iStied the d:owrr1"';it. i.li,- \.he iwo-isUsr code (WIPO 
Standard ST.3,l. 4 For Ja_Oi'll'le~e p'3te,"lt dC-C'.tm1en!S'. !he in<.J1,~tion or the year o! tl1e r-eign ol the Empemr mt,sl pmcr,do the se,ial _number of the p,'.ll<em 
doc,.m·ie111. 'Kifld ,.;f doc.unwnl by lh.: ;.pptOl)'rial-e symbo1s ;15 1,,i:liilated on the document ,.mderWIPO Standard fff.16 if pos-,;ible. ·, Appliciilnt is tc plam 
a chs,ck mark here \t ~n-glish larigµag,:; Trans!~tion is at1aci1ed. 
This cdie,;!ion of iriformatiM ,s t!i(jl1fre<.l by 37 CFR 1.97 ,md 1.!3$. Th-e in!ormat1c,n is r-equired to ol,;a1;1 or r,at:.sin a be,1eflt by me put,fic which!& to lite 
(and t,y tt,e USPTO to pr~:,;;,) ai'! a:p:pHc,1tion. Cr.111/irJsotiailty ls gn\lemed by 35 U.S C. 122 ar,i:J 17 CH~ 1._ 14, Th,s cc,lie,c!(On is estimated !o t;.s~e ,i 
h1wr$ to <;o!'1plel.e, induding g:a!l'leling, prepaling, anct submitting the o::,mpl,J!ed application form tr; the USPTO. Tiinc will vary dspern:!1r.g upon ihe 
individual o.r,e. Any comments on !h-e ammmt of time ym, rsqwre io cumpls!il lhi5 form and/nr suggestions for ~rl'Jcing tr% btird,m. srmu!d oo (;ent to lM 
Chia! 11,fc,rmallcm Orricer, U.S. Patent ;m<:J Tr..itiema1:k Ottice .. PO Ekm 1450, Alexandria, \IA 2231,Hil50. DO NOT SEND FEES OR COMF•lE'fEO 
FORMS TO THIS ADDRESS. SEND TO: Comm!ss!orwr for Patef!ts, P,0. Box 1450, Alexafldria_. VA 2231:M450, 

0 

D 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. ID.SJ 

Regeneron Exhibit 1068.387 
Regeneron v. Novartis 

IPR2020-01317



Regeneron Exhibit 1068.388 
Regeneron v. Novartis 

IPR2020-01317



lN HE PCT NAT10NAL STAGE APPUCAT!ON OF 

F"t)Fi.: Surface~ t)ecantBrntnation of t"n:;fHtruJ (:ontatners in ~1-econt1erv 
P'°:icka9in~1 

C~ornn1~st}iont)r for ~)atf2H1ts 
r~c; t~ox t450 
t\~exartdda~ \//\ 223 ··13--· ··; 4t)0 

Regeneron Exhibit 1068.389 
Regeneron v. Novartis 

IPR2020-01317



Regeneron Exhibit 1068.390 
Regeneron v. Novartis 

IPR2020-01317



Regeneron Exhibit 1068.391 
Regeneron v. Novartis 

IPR2020-01317



Regeneron Exhibit 1068.392 
Regeneron v. Novartis 

IPR2020-01317



Regeneron Exhibit 1068.393 
Regeneron v. Novartis 

IPR2020-01317



c:,ta!n1 -1 has t~~~~n tirr~t~.nded. to deieta the Hrnjtc~tk$n r~dded in J\pf!~k:anhf L1f.~{~ernbl~f ··i iL 
2012 i\r1tendrnent 1 Le,~ thE~ arnendrnenl adding a Hrr}itat~on to z~tarH\; that the applh:n~tk1n of H;:C)~~ 

and st~hseqt1ent step c.H~ deconlarninc~tkJn of tht~ prefffh~}d t-;.1~-rh1g£i by ~~.~()2 ii~ df.H')t:~ at arritj!ent 

Pff~ss.ur~~} i.e .. ~ in the absencH of r§ V('Jtuurn t)r h:1V·l pressur~~ syBtt:frn~ c;·1{1irn 1 i .. 'lt'iS he·e·n further 

arrlt:H1dE.~d to ~ip€·Gty that ck~in·1 recit€~s a prefiHed syrk~i'H rt1ther than a .cc~ntsiner. Ne~ neV~i rnatter 

~s add~:::d by tf~ase arn€.~ndrnentl:; .. 

.i-\ppik~.ant~~ rf.;se~\ra ttle ri~1ht io pursile subject rne~ltar that r~~fr~c1~ns aftt~r the prosoc.ution 

{)f the present a.ppHc.;~tk:~n §.n ~ lt~ture ~:.t.;n~~nu~ng p~~teqt .;$ppHoatk.)n, 1\-Jt ~x:arnp~e) a d~vit:;ion, 

~t. R~iect§ons. ur~tf~~~ 35 t,LS.~t;>·~ ,·t12 

(~.i~1~fns ~i"7 and 22 stand rt~Jez~t~d.1\Jr faiHng tp cort1f{fy \$•JiH1 tht::· \o/ritten de·sedpt~on 

requirernent N1csre sp~~G~fical~y,, the f:::}(arn·iner t~or1t~nds that tht~ Hn·1Hations ~n t";tairn ··~ refalt~ng to 

tht~ perforrnahct~. r;f Sif1ps. of th~~ ,;lairn£~d Jlt~tht)d }lat :arnbient pr~"'!ssvre~n {~onstltute n.[~\rV rriatt{§r. in 

respons~~~ ~b .. iitho~t concecUnf? the vaHdity t)f the E.xarn~nt~·(s ft~j~¥;tk)nt~.; tt1e .t\ppHci~nts t~ave~ 

arnendeci <.Jain·1 ·1 to dfJ~t~te. tht;: fhi1Jt~1tlcn1 ~~~~t ~~~rrib~t=:::nt pressu-n~~ ~ "' Clbv~aUng tht~ E.x~~~l1ine-fs 

rejection, l\c~::cffdin~]ly: the t-\prJiicar~ts req·ut~st ~vithtiravlai ()f this reJet~tion .. 

Clairr~s ·1 ... )°/ ~rni 22 stand r~jllCted f{;r ind~~fin}t€H1t~~ss. Nlore ·spl~t\ff~C{IUy t th~J t':.x~~rn~ne·r 

ccH1tenztt~ thr~t st1~~ nn1Jtafior~ in c~~~~n1 ·1 n~~cifing ~~the p:refiUt~d cz1nt{tinet1

~ does. not ~1~~ve antez:~~d~~nt 

bas~s in the claim. 3n resr;:rJnse: cJajrn -t. h£~s :been arnended to specff~l til~1t C~f,~rn rt~c-~tes a 

pretH~d syringti fi~~th~r than i~ tontc~~ner~ thereby ~)b\t1at%"tlg thf.J E~Xi~~rniner's rBJBt~tit';TL 

C~~1irn 2 stantts rt~jectetj bec::avs~~ it rer;jtes a .•::S"iringsf'' anti thus l\~Hs to ~\Jrthet H~I1:H t~h~§n·~ 

-~1) fron, ·v;thich it dep~~nr~s~ in response~ clalrn 2. has been canct~Hf.;r:( ther~b\.t t)bvi~1li'r;g thi~ 

Exarni.ner\~ reJection. 

i~ppHcaUon 200~$/0()030'14 ft) fuletzner et a:~.- fsf,,ietzner~) as 1intk:¾~~ru;ed by- lJ,S .. F1~tent 6~2;~3~~12~t 

to ~~astlfJ~lVii3 ('\f,!asega'kv<;f')~ a.nd further in vte\t~} of t,iaiu➔gi~vva and tJ~S, P~<,1tt~nt 5·~7t1H~94~1 to 

L)~tirrnisso ate ai, {1=t)a~rnasSn1
~). 1·he Exarnlner r@!ie~~ c~r~ f.J1E~tznt.H' f~)r ~ts tear:J)ing of i:~ n1{~tht1d for 

surf ace dt?cont~~rn·inat~on of a prefiHf.;d conta~nr-?.r in 8f1cor~dary pBckag~ng {cdUng tv1et:ner at 1~~ 

rooo ·1 --00 ~i i 1L ·r he· Ex~:~rr}ir~er G{Jfl(~~d-£:·s that ~itet<.-r1er dot~s nrst te.ach stt~rHfa::{.~tion of a S\•·ringf.1 ~n 

~~ t) .. 

Regeneron Exhibit 1068.394 
Regeneron v. Novartis 

IPR2020-01317



Regeneron Exhibit 1068.395 
Regeneron v. Novartis 

IPR2020-01317



Regeneron Exhibit 1068.396 
Regeneron v. Novartis 

IPR2020-01317



t~ovt~rt"i"s f>harrnac:eut!cals (~orporatioii ()ne ],i;BaJth 
~"1·1aza~ B~dg. ~i 0'1 E.ast t,i~ntJ\ter, NJ ()793t1 
f-·i Bfi2'T78fi·8~16 

i\-g-ent for l--\pp~k~ant 
f{-$.~9, ~Jo. 5'1 iB 1 ;3 

Regeneron Exhibit 1068.397 
Regeneron v. Novartis 

IPR2020-01317



Regeneron Exhibit 1068.398 
Regeneron v. Novartis 

IPR2020-01317



F{)~~~: -S~Jrf~ce t)~:{::-{)ntan·~k~i~ruon of r~r~~fn~~:::-d (;(Jt1ta.in~~3r~~ ~n S-ecc"t1dt~f°'I-/ 
F--1a~:.ka9lr1~} 

P{) Box ·; 450 
/\1~~:enddft \li\ :?:rf·~ 3:--'1-4-S(i 

Regeneron Exhibit 1068.399 
Regeneron v. Novartis 

IPR2020-01317



Regeneron Exhibit 1068.400 
Regeneron v. Novartis 

IPR2020-01317



Regeneron Exhibit 1068.401 
Regeneron v. Novartis 

IPR2020-01317



Regeneron Exhibit 1068.402 
Regeneron v. Novartis 

IPR2020-01317



f'''""''.'<'.'<'.'<'.'<''""""""'"""""'"'''''''~'.'<"'"'""'}]1:I%j1f]Ti:~~~i~i1:1E11If :fil611: :::J1E~liI~il);f1I1:nr '"""""'""""""''''''''~''.'<'.'<'.'<'.'<"""""'] 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ - - ",.",.",.",", __ nnnnn - ••••- -,,-,.-,.-,,-,,,. ............ ..,..,..,..,.,_,.,_.,_.,_._._._._._._._._ _ ~~~~~~u• "" ~ 

i r:ipres::; ~.;la{l L2:h&l Nurrn}?$i·-- D~i~ or c~~p~:;ti ~ 

t, ................ ,,,,,,'.'<'.'<''''''''''''''''''''''''''''''''''''''''''''""""''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''~.....:,-..--..'.',.'.',.'''''''''''''''''''''''''''''''''''''~'''''.'<'.'<''''''''''''~ 

!N RE PCT NA,TlONAL STAGE APPUG,,~TlON OF 

R()BER 

FtJR: ~)usfac~) [)t~.c.:ontarn~naHon of PrefiHet~ (';(int~~~nars in -Sec()n(Sa{}i 
Paokagin~1 

Con~~rn~ssioner for F\3terit~~ 
PC}· 8<.>K '1,460 

PETrflONfOHJ:XTENSlONJ)F TH\llE 

Novartis Pharrnf~Getitcais (Jr~rporatfon ()n~~ H~~~i!th 
f.)haz~~~ B~dg. --10 ... 1 Eas-t .H~~no\lf::~r: N~J 07J36 
+ ·1 at12~1~7t1se ·ts 

i\hdre\~{ ~~~;o.~nl~lS 
l\9~3nt for .i\p})~i:cant 
§~Hg. N<1. 5'](~113 

Regeneron Exhibit 1068.403 
Regeneron v. Novartis 

IPR2020-01317



Electronic Patent Application Fee Transmittal 

Application Number: 13382380 

Filing Date: 05-Jan-2012 

Title of Invention: Surface Decontamination of Prefilled Containers in Secondary Packaging 

First Named Inventor/Applicant Name: Juergen Sigg 

Filer: Andrew K. Holmes/Andrea Jacquin 

Attorney Docket Number: PAT053689-US-PCT 

Filed as Large Entity 

U.S. National Stage under 35 USC 371 Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Extension - 1 month with $0 paid 1251 1 200 200 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Request for Continued Examination 1801 1 1200 1200 

Total in USD ($) 1400 
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Electronic Acknowledgement Receipt 

EFSID: 15684892 

Application Number: 13382380 

International Application Number: 

Confirmation Number: 9960 

Title of Invention: Surface Decontamination of Prefilled Containers in Secondary Packaging 

First Named Inventor/Applicant Name: Juergen Sigg 

Customer Number: 1095 

Filer: Andrew K. Holmes/Andrea Jacquin 

Filer Authorized By: Andrew K. Holmes 

Attorney Docket Number: PAT053689-US-PCT 

Receipt Date: 03-MAY-2013 

Filing Date: 05-JAN-2012 

Time Stamp: 13:40:09 

Application Type: U.S. National Stage under 35 USC 371 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $1400 

RAM confirmation Number 10285 

Deposit Account 190134 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

53689-US-
2211799 

1 
PCT _RCE_AmendAfterFinal_JS 

16 
Declaration_TimeExt_2013May 

yes 
fbc92e2379bf63940d 1 f0ef7723967f41 c9ef 

3.pdf acf 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Request for Continued Examination (RCE) 1 1 

Amendment Aher Final 2 2 

Claims 3 6 

Applicant Arguments/Remarks Made in an Amendment 7 10 

Miscellaneous Incoming Letter 11 15 

Extension of Time 16 16 

Warnings: 

Information: 

31952 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
9338c7aead8f907175dfdae91 b0dcbf600bf 

bc42 

Warnings: 

Information: 

Total Files Size (in bytes) 2243751 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New ARRlications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International ARRlication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International ARRlication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PT0-875 13/382,380 01/05/2012 □ To be Mailed 

ENTITY: ~ LARGE 0 SMALL 0 MICRO 

APPLICATION AS FILED - PART I 

(Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) 

[8l BASIC FEE N/A N/A N/A 380 
(37 CFR 1.16(a), (b), or (c)) 

□ SEARCH FEE N/A N/A N/A 
(37 CFR 1.16(k), (i), or (m)) 

[81 EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A 250 
TOTAL CLAIMS 

* (37 CFR 1.16(i)) minus 20 = X $ = 

INDEPENDENT CLAIMS 
* (37 CFR 1.16(h)) minus 3 = X $ = 

If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 

(37 CFR 1.16(s)) 
fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL 630 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 

05/03/2013 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE ($) 

f-- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

Total (37 CFR ~ 1.16(i\\ · 21 Minus ** 22 = 0 X $80 = 0 
0 

Independent z * 4 Minus ***5 = 0 X $420 = 0 w (37 CFR 1.16(hll 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL ADD'L FEE 0 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE ($) 
AFTER PREVIOUSLY 

f--
AMENDMENT PAID FOR 

z Total (37 CFR 
* Minus ** = X $ = w 1.16(i)) 

~ Independent 
* Minus *** = X $ = 0 (37 CFR 1.16(hll 

z D Application Size Fee (37 CFR 1. 16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE 
•• If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /ANGELA JONES/ 
••• If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of 1nformat1on Is required by 37 CFR 1. 16. The 1nformat1on Is required to obtain or retain a benefit by the public which Is to file (and by the US PTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1. 14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

13/382,380 01/05/2012 

1095 7590 06/14/2013 

NOVARTIS PHARMACEUTICAL CORPORATION 
INTELLECTUAL PROPERTY DEPARTMENT 
ONE HEALTH PLAZA 101/2 
EAST HANOVER, NJ 07936-1080 

Juergen Sigg 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

PAT053689-US-PCT 9960 

EXAMINER 

SP AMER, DONALD R 

ART UNIT PAPER NUMBER 

1775 

NOTIFICATION DATE DELIVERY MODE 

06/14/2013 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

phip.patents@novartis.com 

PTOL-90A (Rev. 04/07) 
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Application No. 
13/382,380 

Applicant(s) 
SIGG, JUERGEN 

Office Action Summary Examiner 
DONALD SPAMER 

Art Unit 
1775 

AIA (First Inventor to File) 
Status 

No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 
1 )~ Responsive to communication(s) filed on 3 Mav 2013. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)0 This action is FINAL. 2b)~ This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 
__ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 
5)~ Claim(s) 1 and 3-22 is/are pending in the application. 

5a) Of the above claim(s) 8-21 is/are withdrawn from consideration. 
6)0 Claim(s) __ is/are allowed. 

7)~ Claim(s) 1. 3-7. and 22 is/are rejected. 
8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http:ilwww.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback(wuspto.aov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
Certified copies: 

a)O All b)O Some* c)O None of the: 

1.0 

2.0 
3.0 

Certified copies of the priority documents have been received. 

Certified copies of the priority documents have been received in Application No. __ . 
Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

Interim copies: 
a)O All b)O Some c)O None of the: Interim copies of the priority documents have been received. 

Attachment{s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 03-13) Office Action Summary 

3) 0 Interview Summary (PTO-413) 

Paper No(s)/Mail Date. __ . 

4) 0 Other: __ . 

Part of Paper No./Mail Date 20130516 
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Application/Control Number: 13/382,380 

Art Unit: 1775 

DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

Page 2 

1. A request for continued examination under 37 CFR 1.114, including the fee set forth in 37 CFR 

1.17(e), was filed in this application after final rejection. Since this application is eligible for continued 

examination under 37 CFR 1 .114, and the fee set forth in 37 CFR 1 .17( e) has been timely paid, the 

finality of the previous Office action has been withdrawn pursuant to 37 CFR 1.114. Applicant's 

submission filed on 5/3/2013 has been entered. 

Claim 2 has been cancelled and claims 8-21 remain withdrawn. Claims 1, 3-7, and 22 remain 

presented for examination. 

Response to Amendment 

2. The affidavit under 37 CFR 1.132 filed 5/3/2013 is insufficient to overcome the rejection of claims 

1, 3-7, and 22 based upon the combination of Metzner et al. (US Patent Application 2003/003014), 

Hasegawa (US 6,228,324), and Dalmasso et al. (US Patent 5,788,941) as set forth in the last Office 

action. 

The claim amendments filed 5/3/2013 remove the limitations that Dalmasso et al. was relied upon 

to teach (ambient pressure). Thus statements regarding modifying the method taught by Metzner et al. 

with the teachings of Dalmasso et al. are no longer commensurate in scope with the claims. 

With regards to the modification of the method taught by Metzner et al. with the teachings of 

Hasegawa, the Affiant merely makes conjectures that the combination of Metzner and Hasegawa (using 

the method of Metzner to sterilize a drug filled syringe in secondary packaging) would be deleterious 

through statements such as "would likely result in denaturation" and "may not result in a sterile product". 

The Affiant has not provided any factual evidence or proof of these conjectures. Further the Affiant states 

that Metzner does not teach any means of preventing seal breech or movement of the syringe. Metzner 

does in fact recognize these possibilities and teaches that if movement of a plunger or leaking seel is a 

concern to ensure appropriate packaging or using a device to prevent displacement of the stoppers or 

plunger seals (para [0024]). 
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Application/Control Number: 13/382,380 

Art Unit: 1775 

Response to Arguments 

3. The amendment of claim 1 and the cancellation of claim 2 have overcome the previously 

Page 3 

presented rejection under 35 USC 112. The rejections under 35 USC 112 are consequently withdrawn. 

4. Applicant's arguments regarding the rejection under 35 USC 103 are not persuasive. 

The claim amendments filed 5/3/2013 remove the limitations that Dalmasso et al. was relied upon 

to teach (ambient pressure). Thus arguments regarding modifying the method taught by Metzner et al. 

with the teachings of Dalmasso et al. are no longer commensurate in scope with the claims. 

In regards to the combination of Metzner and Hasegawa, Metzner does recognize that issues 

such as seal leaking and plunger movement can occur when treating a sealed carpule/syringe. Metzner 

does, however, teach that this issues can be overcome by insuring appropriate packaging and using a 

device to prevent plunger motion (para [0024]) and thus that the method of Metzner can be used on 

prefilled syringes in secondary packaging. The Applicant argues that the claimed method does not use 

such extra devices to treat prefilled syringes in secondary packaging. This is not commensurate in scope 

with the claims since the claims have open or comprising language meaning that other steps or elements 

can occur along with the claimed steps such as a step of preventing the plunger from moving with the use 

of a motion stopping device. The claims do not preclude such an extra step from occurring. 

Claim Rejections - 35 USC§ 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6. Claims 1, 4, 5, 7, and 22 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Metzner et al. (US Patent Application Publication Number 2003/0003014) as evidenced by Hasegawa et 

al. (US Patent 6,228,324) and in view of Hasegawa et al. (US Patent 6,228,324). 

With regards to claim 1, Metzner et al. teaches a method for surface decontamination of a 

prefilled container in secondary packaging (para [0010-0011 ]). Metzner et al. teaches the use of 
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Application/Control Number: 13/382,380 

Art Unit: 1775 

Page 4 

vaporized hydrogen peroxide in order to sterilize the surfaces of the packaging (para [0019]). Metzner et 

al. also teaches that the hydrogen peroxide is left in contact with the surfaces for a sufficient amount of 

time to achieve decontamination (para [0032-0033]) and gives an example of about 17 min in each half 

cycle in example 3 (para [0071]). Metzner et al. also teaches the use of post-decontamination measures 

of applying a vacuum (para [0034 - 0035]). The vacuum post decontamination treatment taught by 

Metzner et al. would remove the hydrogen peroxide as evidenced by Hasegawa et al. Hasegawa et al. 

states that the application of a vacuum removes the hydrogen peroxide from inside the packaging 

(column 8, lines 63-67 and column 9, lines 32-38). 

Metzner et al. teaches this method can be done on temperature sensitive pharmaceutical 

products (para [0002]). It expands to say that such products are sensitive to sterilization with gamma 

radiation (para [0005]), autoclaving (para [0003]) (exposure to steam), and ethylene oxide (since ethylene 

oxide residue can render the drug product toxic or carcinogenic) (gas) (para [0004]). In example 3, 

Metzner et al. teaches that the protein drug product is in a carpule (para [0061]). A carpule is a container 

for medicine that is administered to the patient with a syringe. Metzner thus does not expressly state the 

use of the method on a syringe in secondary packaging. Hasegawa et al. teaches a method for sterilizing 

a syringe in secondary packaging using hydrogen peroxide vapor (abstract and figure 4). A person 

having ordinary skill in the art at the time of the invention would be capable of modifying the method 

taught by Metzner et al. to sterilize a syringe in secondary packaging as shown in Hasegawa et al. in 

order to provide a sterile drug product by using hydrogen peroxide vapor (abstract and figure 4). 

With regards to claim 4, Metzner et al. teaches determining if the sterilization method is effective 

(para [0037]). This is considered to include testing whether the treatment times are sufficient since 

treatment times are part of the method. Metzner et al. teaches that sterilization effectiveness is 

determined by comparing the reduction factor of colony forming units (CFU) and comparing this value to a 

control standard (para [0037]). The control standard taught by Metzner et al. is that sterilization is 

achieved if log 10(CFU) is greater than or equal to 6 (para [0037]). 

With regards to claim 5, Metzner et al. teaches a post decontamination measure of applying a 

vacuum following treatment with vaporized hydrogen peroxide (para [0034]). While Metzner et al. does 
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not specifically state the intended use of "reversing the direction of diffusion of vaporized hydrogen 

peroxide and preventing intrusion of vaporized hydrogen peroxide into the prefilled container," the method 

of using a vacuum after effective treatment is capable of achieving this. This is affirmatively shown by the 

teaching Hasegawa et al. 

Hasegawa et al. states that the application of a vacuum (taught by Metzner et al.) removes the 

hydrogen peroxide from inside the packaging (column 8, lines 63-67 and column 9, lines 32-38). 

The prevention of hydrogen peroxide intrusion can be further confirmed when Metzner et al. 

measures the amount of proteins undamaged by the sterilization method and finds that the method 

damaged very little to none of the protein products (para [0076]). 

With regards to claim 7, teaches a post decontamination measure that includes a plasma 

treatment (para [0035]). This is considered to be a gas plasma. 

With regards to claim 22, the combination of Metzner et al. and Hasegawa et al. teaches that the 

hydrogen peroxide vapor sterilization method can be used for sterilizing prefilled syringes in secondary 

packaging where the prefilled drug product is various proteins (Metzner et al. para [0061 ]). 

7. Claim 3 rejected under 35 U.S.C. 103(a) as being unpatentable over Metzner et al. (US Patent 

Application Publication Number 2003/0003014) and Hasegawa et al. (US Patent 6,228,324) as applied to 

claim 1 above, and further in view of Shams (US Patent Application Publication 2007/0190058). 

Metzner et al. teaches the limitations of claim 1 as discussed above. Metzner et al. teaches a 

method of using hydrogen peroxide vapor for sterilizing different proteins in secondary packaging (para 

[0061]) at 30°C (para [0063]) and teaches that the treatment did not destroy the protein products (para 

[0076]). Metzner et al. does not specifically mention the use of the method for treating a medical product 

where the prefilled drug is ranibizumab, a protein. The claim recites "therapeutically effective" (implying 

non degraded protein when administered into a body for treatment). A person having ordinary skill in the 

art at the time of the invention would understand that if this method is capable of sterilizing prefilled 

protein drug products in secondary packaging without causing degradation of the proteins that the 

method is capable of treating the specific protein ranibizumab. 
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Additionally the concept of using ranibizumab delivered by a syringe is also known in the prior art. 

Shams teaches the administration of ranibizumab by syringe injection (para [0128]). A person having 

ordinary skill in the art at the time of the invention would be capable of modifying the method taught by 

Metzner et al. with the addition of ranibizumab being the drug in the syringe, as taught by Shams, in order 

to administer a dose of ranibizumab as a therapuetic drug (abstract and para [0028]) in a sterile manner 

which is desired by Shams who states that the treatment should be formulated, dosed, and administered 

in a fashion consistent with good medical practice (para [0092]) which would include using a sterile 

syringe. 

8. Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable Metzner et al. over (US Patent 

Application Publication Number 2003/0003014) and Hasegawa et al. (US Patent 6,228,324) as applied to 

claim 1 above, and further in view of Moirandat et al. (US Patent Application Publication 2005/0226764). 

Metzner et al. teaches the limitations of claim 1 as discussed above. Metzner et al. also teaches 

the use of a post decontamination measure using a vacuum (para [0034]) and a plasma treatment (para 

[0035]). 

Metzner et al. does not teach the use of ultraviolet rays in a post decontamination measure. 

Moirandat et al. teaches a method of decontaminating a clean room with hydrogen peroxide 

followed by post decontamination measures (para [0008], summary of invention). Moirandat et al. 

teaches that hydrogen peroxide remaining after decontamination can be photochemically broken down by 

UV radiation (ultraviolet rays) into oxygen and water (para [0031 ]). A person having ordinary skill in the 

art at the time of the invention would have been able to modify the method of Metzner et al. with the 

addition of ultraviolet rays to deactivate hydrogen peroxide vapors rapidly and in the least costly manner 

(Moirandat et al. para [0008]). 

Conclusion 

Any inquiry concerning this communication or earlier communications from the examiner should 

be directed to DONALD SPAM ER whose telephone number is (571 )272-3197. The examiner can 

normally be reached on Monday through Friday, 9 to 5. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Michael Marcheschi can be reached on 571-272-1374. The fax phone number for the organization where 

this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be obtained from 

either Private PAIR or Public PAIR. Status information for unpublished applications is available through 

Private PAIR only. For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC) 

at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative 

or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/DONALD SPAMER/ 
Examiner, Art Unit 1775 

/SEAN E CONLEY/ 
Primary Examiner, Art Unit 1775 
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FOR: Surface Decontamination of Prefilled Containers in Secondary 
Packaging 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Sir: 

RESPONSE TO OFFICE ACTION 

This Reply is submitted in response to the Office Action mailed June 14, 2013. 

Reconsideration of the present rejections and withdrawal of the present rejections are 

respectfully requested. 

Listing of Claims is reflected in the listing of the claims which begins on page 2 of this 

paper. 

Remarks/Arguments begin on page 4 of this paper. 
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This listing of claims will replace all prior versions, and listings, of claims in the 

application: 

Listing of Claims: 

1. (Previously presented) A method for surface decontamination of a prefilled syringe 

in secondary packaging, comprising: 

applying vaporized-hydrogen peroxide to the surface of the prefilled syringe in 

secondary packaging; 

allowing vaporized-hydrogen peroxide to remain in contact with the prefilled 

syringe surface for a sufficient time to decontaminate the prefilled syringe surface; and 

causing a post-decontamination measure to occur to reduce the presence of 

vaporized-hydrogen peroxide, thereby preventing vaporized-hydrogen peroxide from 

diffusing into the prefilled syringe, wherein the prefilled syringe contains 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. 

2. (Cancelled) 

3. (Previously presented) The method of claim 1, wherein the syringe contains a 

therapeutically effective amount of ranibizumab. 

4. (Previously presented) The method of claim 1, wherein sufficient time to 

decontaminate the surface of the prefilled syringe is determined by validation of 

treatment times and compared to a control standard. 

5. (Previously presented) The method of claim 1, wherein the post-decontamination 

measure includes applying a vacuum following the duration of treatment with vaporized

hydrogen peroxide, thereby reversing the direction of diffusion of vaporized-hydrogen 

peroxide and preventing intrusion of vaporized-hydrogen peroxide into the prefilled 

syringe. 

6. (Previously presented) The method of claim 1, wherein the post-decontamination 

measure includes applying ultraviolet rays following the duration of treatment with 

vaporized-hydrogen peroxide, thereby inactivating oxidative action of hydrogen peroxide 

vapors. 

7. (Previously presented) The method of claim 1, wherein the post-decontamination 

measure includes gas plasma treatment. 

- 2 -
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8-21. (Withdrawn) 

22. (Previously presented) 

protein solution. 

The method of claim 1, wherein the drug product is a 

- 3 -
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Remarks 

I. Claims 

Claims 1 and 3-22 are presently pending in this patent application. Claims 8- 21 have 

been withdrawn as being drawn to non-elected subject matter and Claim 2 has been cancelled. 

Applicants reserve the right to pursue subject matter that remains after the prosecution 

of the present application in a future continuing patent application, for example, a division. 

II. Rejections under 35 U.S.C. § 103 - Obviousness 

Claims 1, 4, 5 7 and 22 are rejected under 35 U.S.C. § 103 for obviousness over 

published U.S. Patent Application 2003/0003014 to Metzner et al. ("Metzner") as evidenced by, 

and in view of, U.S. Patent 6,228,324 to Hasegawa ("Hasegawa"). The Examiner relies on 

Metzner for its teaching of a method for surface decontamination of a prefilled container in 

secondary packaging (citing Metzner at paragraphs [0010-0011]). The Examiner contends that 

Metzner teaches the use of vaporized hydrogen peroxide to sterilize the surfaces of the 

packaging (citing Metzner at paragraph [0019]). The Examiner also contends that Metzner 

teaches the use of a vacuum as a post-contamination treatment (citing Metzner at paragraphs 

[0034-0035]). In the Examiner's opinion, this post-contamination treatment would remove 

hydrogen peroxide as evidenced by Hasegawa, as it teaches that the application of a vacuum 

removes peroxide from inside the packaging (citing column 8, lines 63-67 and column 9, lines 

32-28). 

The Examiner concedes that Metzner does not teach sterilization of a syringe in 

secondary packaging. However, the Examiner relies on Hasegawa to cure this deficiency. 

Regarding Claim 5, the Examiner admits that the intended use of "reversing the direction 

of diffusion of vaporized hydrogen peroxide and preventing intrusion of vaporized peroxide into 

the pre-filled container" is not disclosed in Metzner; however it is "capable" of achieving this. As 

support, the Examiner relies on Hasegawa, and contends that the application of a vacuum 

removes the hydrogen peroxide from the vacuum removes peroxide from inside the packaging 

(citing column 8, lines 63-67 and column 9, lines 32-28) and as evidenced by Metzner 

paragraph [0076]. 

With regards to claim 7, the Examiner contends that the post-decontamination measure 

includes plasma treatment as shown in paragraph [0035] of Metzner. 

Claim 3 was rejected under 35 U.S.C. § 103 as obvious in view of a combination of 

Metzner, Hasegawa and US Pat. Pub. No. US2007/0190058 to Shams ("Shams"). The 

Examiner cited Shams to teach the administration of ranibizumab via syringe injection. 

Finally, the Examiner rejected Claim 6 under 35 U.S.C. § 103 as obvious in view of a 

combination of Metzner, Hasegawa and US Pat. Pub. No. US2005/0226764 to Moirandat et al. 

("Moirandat"). In the Examiner's view Moirandat teaches that UV radiation can be used to 

photochemically break down hydrogen peroxide vapor into oxygen and water and that it could 
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be combined with Metzner to "deactivate hydrogen peroxide vapors rapidly and in the least 

costly manner", citing Moirandat at paragraph [0008]. 

Ill. Response/Arguments 

A. The references do not teach every element of Claim 1 

Initially, the Applicant respectfully submits that the Examiner has failed to establish a 

prima facie case of obviousness. With regards to Claim 1, the Examiner asserts, inter alia, that 

Metzner teaches the use of vaporized hydrogen peroxide in order to sterilize the surfaces of the 

packaging as taught in paragraph [0019]. In addition, the Examiner asserts that Metzner 

teaches the use of post-decontamination measures of applying a vacuum as shown in 

paragraphs [0034-0035]. However, the Examiner has failed to consider the teachings of 

Metzner (and the prior art) as a whole and as a result his reliance on these paragraphs is 

misplaced. 

Metzner is directed to a method of using hydrogen peroxide plasma at low temperatures 

for the sterilization of various products. The properties and use of plasma is well known in the 

art and described, for example in EP0707186 (hereinafter "the '186 patent", attached hereto), 

cited in Metzner. 

More specifically, as taught in the '186 patent, hydrogen peroxide plasma is a completely 

different state of matter than the hydrogen peroxide vapor from which it is derived. Hydrogen 

peroxide plasma is created by applying a magnetic field or other external forces under a vacuum 

to hydrogen peroxide vapor (see paragraph 2 of the '186 patent). Thus, hydrogen peroxide 

vapor is merely a precursor to hydrogen peroxide plasma. 

As described in greater detail in the '186 patent, to create plasma, a vapor gas is injected 

into a chamber under near vacuum conditions; RF is then applied to create plasma. The plasma 

is responsible for the decontamination of the products and is maintained for a period of time to 

ensure that the components in the chamber are sterilized. Once the process is completed, the 

plasma loses its energy and dissociates into water, oxygen and other nontoxic byproducts. After 

the completion of the process, the RF is turned off, the vacuum is released and the water, 

oxygen and byproducts are ventilated out of the chamber (see paragraph 2). Further evidence 

of this process is shown in U.S. Pat. No. 4,643,876 (hereinafter "the '876 patent") which is 

attached hereto. 

Metzner is an extension of the process taught in both the '876 patent and the '186 patent 

in that it first utilizes a "pre-plasma" process as described in paragraphs [0026-29] to remove 

moisture or to further adapt the product temperature to the chamber temperature (see Metzner, 

paragraph [0017]). Following the preplasma procedure, Metzner teaches utilizing a standard 

hydrogen peroxide plasma sterilization procedure as taught in paragraphs [0031 to 0036], albeit 

at a lower temperature than was previously known. 

Paragraph [0019] merely teaches that multiple injections of hydrogen peroxide can be 

used to create more plasma, which is then utilized to disinfect the product of interest. It does not 
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teach or suggest, in light of the prior art or Metzner as a whole, that vaporized hydrogen 

peroxide is used to sterilize anything. Instead, as taught in the '186 patent and the '876 patent, 

it is the plasma, as opposed to the vapor, which is responsible for the sterilization. 

This is in marked contrast to the present claims, which recite the use of vaporized 

hydrogen peroxide as the sterilizing agent. Accordingly, Metzner does not teach each and every 

element of Claim 1 or its dependent claims. 

Although other references teach the use of hydrogen peroxide vapor such as Hasegawa 

and Moirandat, neither reference is cited for such a combination. Nor would such a combination 

be proper. The whole point of Metzner is to use hydrogen peroxide plasma, which is generated 

from vapor, at lower temperatures than were previously known. Substituting the final product for 

sterilization (i.e., plasma) with the precursor it is generated from (i.e., vapor) would render 

Metzner completely unsuitable for its intended purpose. This is impermissible under MPEP § 

2143.01 and as such any combination would be improper. 

In addition, the Examiner's assertion that Metzner teaches using a vacuum as a post 

decontamination measure as taught in paragraphs [0034-35] is incorrect. Paragraphs [0031-

0036] of Metzner teach the standard hydrogen peroxide plasma sterilization procedure shown in 

the '186 patent and the '876 patent. Initially, pressure is lowered and hydrogen peroxide vapor 

is introduced into a chamber (paragraphs [0031-0032]). The hydrogen peroxide vapor is 

allowed to diffuse for several minutes (paragraph [0033]), and the pressure is then lowered to 

ensure an adequate vacuum is in the chamber (paragraph [0034]) so that the plasma can be 

generated (paragraph [0035]). After the plasma is generated, as taught by both the '186 and 

'876 patents, it sterilizes any product placed in the chamber. After sterilization, the plasma 

dissociates into water, oxygen and other by-products as taught by the '186 patent. The water, 

oxygen, and other by-products are then ventilated out of the chamber (paragraph [0036]) so that 

the product can be removed. 

Accordingly, the vacuum step relied on by the Examiner occurs before the plasma is 

generated and ensure that the vapor is converted into a plasma so that the product in the 

chamber can then be sterilized. As a result, the vacuum step cannot be considered as a post

decontamination measure to reduce hydrogen peroxide as recited in Claim 1. 

Even assuming, arguendo, that this vacuum procedure could reduce hydrogen peroxide 

vapor, there is no evidence that it actually does so. In order to prove this assertion, the 

Examiner relies on Hasegawa. Specifically, the Examiner asserts that the vacuum process 

used by Metzner would remove hydrogen peroxide because Hasegawa teaches that a vacuum 

removes hydrogen peroxide vapor from the packaging, citing Hasegawa at column 8, lines 63-

67 and column 9, lines 32-38. 

The Examiner's reliance on Hasegawa is misplaced. Column 8, lines 63-67 explicitly 

state that the process is used to "ensure the penetration of hydrogen peroxide gas into delicate 

portions of the medicine filled injector" and that the hydrogen peroxide gas is closed "thereby 
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discharging hydrogen peroxide gas from the chamber" (emphasis added). Thus, the first 

passage relied on by the Examiner shows that hydrogen peroxide in fact does enter into a 

syringe ("delicate portions" include the space between an injector cylinder and the piston rod, 

see Hasegawa, Col. 8, lines 50-54; Fig. 4) and that hydrogen peroxide is merely removed from 

the chamber as opposed to the packaging. 

Indeed, Hasegawa is very clear that hydrogen peroxide remains after any such vacuum 

procedure at column 9, lines 19-20 when it unambiguously states that "the hydrogen peroxide 

gas remaining in the iniection pack is removed". Lines 21-32 go on to describe that the gas is 

removed by heating the package in the chamber. Lines 32-38 describe that the hydrogen 

peroxide is removed from the package only after this step. As a result, the Examiner's reliance 

on this passage is misplaced as it does not bear any relation to a vacuum. Thus, the assertion 

that Hasegawa shows vacuum treating as removing hydrogen peroxide from packaging is 

simply incorrect. Accordingly, there is no evidence that the vacuum shown in Metzner actually 

removes hydrogen peroxide from the primary packaging of a product. 

Even if the Examiner considers the heat treatment of Hasegawa a post-decontamination 

procedure, one of skill in the art would not modify Metzner to include such a step. First, Metzner 

uses hydrogen peroxide plasma, and as is known in the art (see e.g., EP0707186), the plasma 

decomposes on its own into water, oxygen and byproducts. As a result, there is simply no need 

to post-decontaminate hydrogen peroxide plasma; it dissociates on its own into non-toxic 

materials which are simply vented out of the chamber as taught by Metzner at paragraph [0036]. 

Secondly, Metzner is directed to low temperature sterilization to reduce protein denaturation. 

Hasegawa teaches removing hydrogen peroxide vapor via additional heat. In short, the 

references teach away from each other. As such, the skilled artisan would not modify Metzner 

with Hasegawa because it is not necessary and not appropriate. 

Nor does Moirandat cure this deficiency. Moirandat simply shows that hydrogen 

peroxide can be broken down photochemically by UV radiation. A skilled artisan would not 

modify Metzner with Moirandat for the same reason as stated above with regard to Hasegawa. 

That is, there is simply no need to break down hydrogen peroxide plasma in Metzner because 

the plasma dissociates on its own into water, oxygen and byproducts. 

In conclusion, none of the references, alone or when properly combined, teach or 

suggest a method for surface decontamination which utilizes hydrogen peroxide vapor and a 

post-decontamination measure to reduce the presence of vaporized-hydrogen peroxide, thereby 

preventing vaporized hydrogen peroxide from diffusing into a pre-filled syringe as recited in 

independent Claim 1. As such, the references fail to teach or suggest all of the elements of 

Claim 1. As it is axiomatic that a prima facie case of obviousness requires a teaching of each 

and every claim limitation (see MPEP §§2141-2143), the Examiner has failed to establish a 

prima facie case of obviousness, and the Applicant respectfully submits that the rejection of 

Claim 1, and its dependent claims 3-7 and 22 should be withdrawn. 
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B. The Examiner's rejection of Claim 5 is flawed 

The Examiner, as with Claim 1, contends that Claim 5 is obvious because Metzner 

teaches the use of a vacuum following treatment, and that such use is "capable" of reversing the 

direction of diffusion of vaporized hydrogen as shown by Hasegawa. However, as stated above, 

Metzner does not show a vacuum as a post-decontamination treatment. In addition, Hasegawa 

unambiguously shows that vapor is not removed from the packaging via vacuum but from the 

chamber. A separate heating step is required to remove the hydrogen peroxide vapor from the 

packaging. As such the Examiner cannot rely on Hasegawa for such a showing. 

The Examiner also cites as evidence of the "capability" of the vacuum for reducing the 

direction of diffusion the fact that Metzner measures the amount of undamaged protein and finds 

that the method damaged little to no protein product. This statement, however, is a 

mischaracterization of the findings disclosed in Metzner. Metzner did not determine whether 

there was any damage to the protein or whether any hydrogen peroxide entered the syringe. 

Instead, it measured whether the protein was thermally denatured (see paragraph [0051]). This 

is a completely different process than determining whether a protein was chemically altered by 

intrusion of hydrogen peroxide vapor and thus has no bearing on the matter. Accordingly, the 

rejection of Claim 5 is improper and should be withdrawn. 

C. The rejection of Claim 7 is improper 

The Examiner also contends that Metzner teaches a post-decontamination measure 

comprised of gas plasma. However, this rejection completely misses the mark. The plasma 

generated in Metzner is hydrogen peroxide plasma which is used to sterilize a product. As 

such, it cannot act as a post decontamination measure because it is the plasma that actually 

decontaminates the packaging. Thus, the rejection is improper and should be withdrawn. 

D. The Examiner's rationale to combine Metzner and Moirandat is flawed 

With regards to Claim 6, the Examiner admits that Metzner does not teach the use of UV 

rays in a post decontamination procedure. However, the Examiner asserts that Moirandat 

teaches such a procedure, and that the skilled artisan would be motivated to combine the 

references because the addition of UV rays would "deactivate hydrogen peroxide vapors rapidly 

and in the least costly manner." 

However, as stated above and as known in the prior art, the hydrogen peroxide plasma 

process simply does not leave any hydrogen peroxide vapors after the process is complete. 

Instead, the hydrogen peroxide plasma breaks down into water, oxygen and other byproducts. 

As such, there is simply no need to apply a post-decontamination procedure, and adding UV 

radiation would therefore surely not be the least costly manner. Instead, the least costly manner 

is to do exactly what Metzner teaches. That is, simply let the plasma degrade and then vent the 

chamber of impurities. 
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IV. Conclusion 

Applicants believe that the foregoing constitutes a complete and full response to the 

Action of record and that Claims 1, 3-7 and 22 are now in condition for allowance. Applicant 

respectfully requests that the Office withdraw all grounds for rejection and issue a Notice of 

Allowance at its earliest convenience. If there are any issues that can be resolved by a 

telephone conference, the Examiner is invited to call the undersigned attorney. 

Novartis Pharmaceuticals Corporation One Health 
Plaza, Bldg. 101 East Hanover, NJ 07936 
+1 8627783423 

Date: September 13, 2012 
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Respectfully submitted, 

/Jim Lynch/ 

Jim Lynch 
Agent for Applicant 
Reg. No. 54,763 
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METHOD AND APPARA.TUS FOR TREATING ITEMS 

BACKGROUND OF THE INVENTION 

[0001} Chlorine dioxide (ClO2) is a strong oxidizing and antimicrobial agent. It has been 

reported to effectiveJy inactivate bacteria, including pathogens, viruses, bacteria) spores, and 

5 algae. In the food industry, chlorine dioxide has been used to sanitize food contact surfaces 

and food surfaces in the form of chlorine dioxide gas or a chlorine dioxide aqueous solution. 

-For example, aqueous chlorine dioxide solutions have been approved for use i~ washing 

fruits and vegetables in a manner that residual chlorine dioxide does not exceed 3 ppm. 

Gaseous chlorine dioxide is also known as a disinfectant especially related to use in the 

10 medica] sciences. 

[0002] Prevention of foods from spoilage or contamination with microorganisms, 

including spoilage bacteria, yeast, molds, and pathogenic bacteri~ has been a large challenge 

for the food industry. Currently, steam or aqueous sanitizers are widely used to sanitize food 

storage containers in the food industry. For example, some current methods of sanitizing 

15 containers on a fil1ing line introduce peracetic acid (1000-2500 ppm), peracetic acid in steam 

(up to 2000 ppm stock solution), or hydrogen peroxide in steam (up to 200 ppm) in 

containers. After steri1ization of containers, a large volume of waste solution must be stored 

or disposed of in appropriate manner. Further, the containers may also need to be rinsed 

(creating more waste solution) and subsequently dried. Also, in some applications, by-

20 products of the sanitizing solution can be of concern. 

SUMMARY OF THE INVENTION 

[0003] One embodiment of the present invention provides method and apparatus for 

treating, sanitizing, and/or sterilizing an item, such as a container for food, a medical device, 

and the like. In one embodiment of the invention, a water soluble gas, such as chlorine 

25 dioxide gas, is removed from a solution containing the water soluble gas and is circulated 

about the item for a time. The water soluble gas can be removed from the solution many 

ways. For example, it can be heated, shaken or otherwise agitated, sprayed, and the like to 

cause the water soluble gas to disassociate from the solution. In one particular embodiment, 

a vacuum is applied to the solution to remove the gas from the solution. Once the gas has 

30 contacted the item for a sufficient time, it can then be eliminated from contact with the item. 
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In one particular embodiment, an ultraviolet light is utilized to decompose or deactivate the 

chlorine dioxide gas. 

[0004] Another embodiment of the present invention is directed toward a process of 

producing a highly pure water soluble gas solution, such as chlorine dioxide gas solution. In 

5 such embodiments, the water soluble gas is removed from an impure solution and then 

dissolved in a pure solution. In one particular embodiment, a vacuum is used to extract 

chlorine dioxide gas from a solution having impurities, such as by-products from the 

production of the chlorine dioxide. Then, the chlorine dioxide gas is dissolved ih a purified 

water solution. 

IO [0005] One particular embodim.ent is directed toward a method for treating a food 

container. The method includes providing a chlorine dioxide containing solution; extracting 

chlorine dioxide gas from the ch]orine dioxide solution with a vacuum; removing the chlorine 

dioxide gas from the vacuum; and injecting the chlorine dioxide gas from the vacuum into the 

food container. Some embodiments further provide eJirninating the chlorine dioxide gas from 

15 the container. such as by exposing the chlorine dioxide gas to an ultraviolet light to deactivate 

the chlorine dioxide gas. Also, some embodiments indicate that the step of extracting 

chlorine dioxide gas from the chlorine dioxide solution with a vacuum comprises; providing a 

sample of the chlorine dioxide containing solution into a chamber; and applying a vacuum to 

the sample. The step of applying a vacuum can include sealing the chamber and actuating a 

20 piston within the chamber to generate a vacuum within the chamber. 

[0006] Another particular embodiment is directed toward an apparatus for treating a food 

container. The apparatus comprises a reservoir containing a chlorine dioxide solution; a 

vacuum coupled to the reservoir to remove chlorine dioxide gas :from the chlorine dioxide 

solution; and a conduit coupled to the vacuum and positioned to inject the chlorine dioxide 

25 gas into the container. Some embodiments further provide a device positioned adjacent the 

container to eliminate the chlorine dioxide gas in the container once the container has been 

effectively treated by the chlorine dioxide gas. That device can be an ultraviolet light adapted 

to be selectively illuminated to deactivate the chlorine dioxide gas in the container. The 

vacuum described above can include a selectively sealable chamber adapted to receive a 

30 sample of the chlorine dioxide solution and a piston selectively moveable within the chamber, 

wherein movement of the piston in a first direction generates a vacuum within the chamber to 

separate chlorine dioxide gas from the solution. 

2 

Regeneron Exhibit 1068.435 
Regeneron v. Novartis 

IPR2020-01317



WO 2008/014166 PCT/US2007 /073812 

[0007] Yet another particular embodiment is directed toward a method for treating a food 

container. The method includes providing a food container; injecting chlorine dioxide gas 

into the food container to treat the food container; allowing the chlorine dioxide gas to 

contact the container for a sufficient time to treat the container; and deactivating the chlorine 

5 dioxide gas within the containers via an illuminated ultraviolet light positioned adjacent the 

container. This method can include providing a chlorine dioxide containing solution; and 

extracting chlorine dioxide gas from the chlorine dioxide solution with a vacuum. The step 

of ex,tractfr1gchlorine dioxide gas from the chlorine dioxide solution with a vacuum can 

include providing a sample of the chlorine dioxide containing so1ution into a chamber and 

IO applying a vacuum to the sample. The step of applying a vacuum can include sealing the 

chamber and actuating a piston within the chamber to generate a vacuum within the chamber. 

[0008J One particular embodiment is directed toward an apparatus for treating a food 

container. The apparatus includes a source of chlorine dioxide gas, a conduit coupled to the 

source of chlorine dioxide gas and positioned to inject the chlorine dioxide gas into the 

15 container, and an ultraviolet light positioned adjacent to the container and adapted to be 

selectively illuminated to deactivate the chlorine dioxide gas in the container. The source of 

chlorine dioxide gas can include a reservoir containing a chlorine dioxide solution and a 

vacuum coupled to the reservoir to remove chlorine dioxide gas from the chlorine dioxide 

solution. The vacuum of this embodiment can include a selectively sealab1e chamber adapted 

20 to receive a sample of the chlorine dioxide solution and a piston selectively moveable within 

the chamber, wherein movement of the piston in a first direction generates a vacuum within 

the chamber to separate chlorine dioxide gas from the solution. 

{00091 Another particular embodiment is directed toward a method of separating chlorine 

dioxide gas from a solution containing chlorine dioxide. The method inciudes providing a 

25 chlorine dioxide containing solution; providing a sample of the chlorine dioxide containing 

solution into a chamber; sealing the chamber; actuating a piston within the chamber to 

generate a vacuum within the chamber; and extracting chlorine dioxide gas from the chlorine 

dioxide solution with a vacuum. 

[0010] Yet another particular embodiment is directed toward an apparatus for separating 

30 chlorine dioxide gas from a solution containing ch1orine dioxide. The apparatus includes a 

reservoir containing a chlorine dioxide solution, a selectively sealable chamber adapted to 

receive a sample of the chlorine dioxide solution from the reservoir, and a piston selectively 

3 
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moveable within the chamber. Movement of the piston in a first direction generates a 

vacuum within the chamber to separate chlorine dioxide gas from the solution and movement 

of the piston in the opposite direction forces the chlorine dioxide gas from the chamber. 

[0011) One other particular embodiment is directed toward a method for disinfecting an 

5 item. The method comprises providing a solution containing a water soluble gas having 

disinfecting properties; extracting the water soluble gas from the solution with a vacuum; 

removing the water soluble gas from the vacuum; injecting the water soluble gas from the 

vacuum toward the item; and disinfecting the item with the water soluble gas. The step of 

extracting the water soluble gas from the solution with a vacuum can include providing a 

l 0 sample of the solution into a chamber and applying a vacuum to the sample. The step of 

applying a vacuum can include sealing the chamber and actuating a piston within the 

chamber to generate a vacuum within the chamber. The step of removing the water soluble 

gas from the chamber can include actuating the piston within the chamber to expel the gas via 

an outlet in the chamber. 

15 [00121 Another particular embodiment is directed toward an apparatus for disinfecting an 

item. The apparatus includes a reservoir containing a solution containing a water soluble gas 

having disinfecting properties, a vacuum coupled to the reservoir to remove the water soluble 

gas from the solution, and a conduit coupled to the vacuum and positioned to inject the water 

soluble gas into contact with the item to disinfect the item. 

20 [0013] Yet another particular embodiment is directed toward a method for disinfecting an 

item. The method includes providing a solution containing a water soluble gas having 

disinfecting properties; extracting the water soluble gas from the solution with a vacuum; 

removing the water soluble gas from the vacuum; dissolving the extracted water soluble gas 

into purified water to create a highly pure solution; contacting the item with the highly pure 

25 solution; and disinfecting the item with the highly pure solution. 

[0014] One particular embodiment is directed toward a method for creating a purified 

chlorine dioxide solution. The method comprises providing a solution containing chlorine 

dioxide gas and other impurities; extracting the chlorine dioxide gas from the solution with a 

vacuum; and dissolving the extracted chlorine dioxide gas into purified water to create a 

30 highly pure chlorine dioxide solution. 
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[0015] Further aspects of the present invention. together with the organization and 

operation thereof, will become apparent from the following detailed description of the 

invention when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Figure IA is a schematic view of a vacuum device embodying aspects of the 

present invention, wherein the vacuum device is shown actuating a piston through an intake 

stroke. 

[0017} Figure 1B is a schematic view of the vacuum device shown in Figure lA, wherein 

the vacuum device is shown actuating the piston through a vacuum stroke. 

[0018] Figure lC is a schematic view of the vacuum device shown in Figure IA. wherein 

the vacuum device is shown actuating the piston through a discharge stroke. 

[0019] Figure 1D is a schematic view of the vacuum device shown in Figure IA, wherein 

the vacuum device is shown actuating the piston through a purge stroke. 

DETAILED DESCRIPTION 

[0020] Before any embodiments of the invention are explained in detail, it is to be 

understood that the invention is not limited in its application to the details of construction and 

the arrangement of components set forth in the fo11owing description or illustrated in the 

following drawings. The invention is capable of other embodiments and ofbeing practiced 

or of being carried out in various ways. Also~ it is to be understood that the phraseology and 

20 terminology used herein is for the purpose of description and should not be regarded as 

limited. The use of "including," "comprising," or ''having" and variations thereof herein is 

meant to encompass the items listed thereafter and equivalents thereof as well as additional 

items. The tenns «mounted;" "connected," and .. coupled" are used broadly and encompass 

both direct and indirect mounting, connecting and coupling. Further, "connected" and 

25 "coupled" are not restricted to physical or mechanical connections or couplings.,. and can 

include electrical connections or couplings. whether direct or indirect. Fina1ly, as described 

in subsequent paragraphs, the specific mechanical configurations illustrated in the drawings 

are intended to exemplify embodiments of the invention. Accordingly. other alternative 
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mechanical configurations are possible, and fail within the spirit and scope of the present 

invention. 

[0021] The present invention includes multiple aspects that can be implemented or used 

independently or in combination. One aspect of the present invention relates to separating a 

5 water soluble gas, such as chlorine dioxide, from a solution. In another aspect of the 

invention, that gas is then used for the sterilization or sanitation of items, such as food, food 

storage containers, food processing equipment other food contact surfaces, medical devices, 

and the like. In yet another aspect of the inventio~ that gas is then decomposed, deactivated, 

or otherwise neutralized after contacting the item. 

10 [0022J The present invention has particular utility for treating, cleaning, disinfecting, 

sanitizing, and/or sterilizing an item, such as a container for food, a medical device, and the 

like. One particular embodiment of the invention provides a method and apparatus for the 

sterilization or sanitation of an item, such as an empty food container, other food contact 

surfaces, food items. medical devices, and the like. The invention can be practiced with 

15 relatively small food containers such as bottles, cans, cartons, and other food storage 

containers on a filling line that demand a sterilized, sanitary or aseptic condition or reduced 

microbial concentration. For instance, aseptic packaging may be desirable in some food 

applications for extended shelf1ife. However, this invention is not limited to aseptic 

requirements. Rather, containers or other surfaces can be treated for other reasons as welt 

20 Additionally, the invention can be adapted for use to sanitize or sterilize food processing 

equipment, such as pipes and large tanks or containers used for storing and transporting bulk 

quantities of food items or used for fermentation in any biotechnology industry, such as 

alcohol, beer, or phannaceutical production. 

[0023] In some particular embodiments, chlorine dioxide gas is the preferred gas for use 

25 in the sterilization or sanitation process. Although chlorine dioxide gas is the preferred gas 

for use with the methods and apparatuses described herein, other gases having known 

sterilization and/or sanitation capabilities can be used. 

[O024J For embodiments utilizing chlorine dioxide, the chlorine dioxide gas can be 

initially produced as part of a chlorine dioxide solution and then removed from the solution. 

30 For example, in one particular embodiment, the chlorine dioxide solution can be produced 

according to the process taught in U.S. Patent Application Publication No. 2003/0064018. 
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which is hereby incorporated by reference. In summary,. this patent application teaches one 

particular process in which sodium chlorite is fed through an ion exchanger and a catalyst to 

quickly and efficiently generate a chlorine dioxide solution. However, as indicated above, 

other processes can be utilized to generate a chlorine dioxide solution. Such processes fall 

5 within the spirit and scope of the present invention. 

[0025] Once a solution containing chlorine dioxide (or other gas) is generated, the 

chlorine dioxide can be removed from the solution containing chlorine dioxide. The chlorine 

dioxide can be removed from the solution many ways. For example, it can be heated, shaken 

or otherwise agitated, sprayed or atomized, and the like to cause the chlorine dioxide gas to 

IO disassociate from the solution. In one particular preferred embodiment, a vacuum is app1ied 

to the solution to remove the chlorine dioxide gas from the solution. 

[0026] Putting a vacuum on a solution containing chlorine dioxide has been show-n to 

reduce the amount of chlorine dioxide in the solution. Specifically, the vacuum causes the 

gas to be released from the solution into the atmosphere of the vacuum. By repeatedly 

15 exposing a chlorine dioxide solution to a vacuum, the levels of chlorine dioxide generally 

continue to reduce. Accordingly, in some embodiments, an intermittent or timed vacuum can 

be applied to a solution to maximize the extraction of chlorine dioxide gas from the solution. 

[0027] Although many different vacuum devices can be used to extract chlorine dioxide 

from a solution, Figure 1 illustrates one particular vacuum device that can be utilized to 

20 generate a vacuum on a sample of chlorine dioxide solution. As shown in this figure, the 

vacuum device includes a chamber or cylinder having a piston that can reciprocate within the 

cylinder. The cylinder also includes an inlet and two outlets, with a valve located at each 

location to control the flow through each inlet and out1et. The inlet allows the solution 

containing chlorine dioxide into the cylinder. One of the outlets a11ows chlorine dioxide gas 

25 (that has been separated from the solution) to exit the cylinder. The other outlet allows the 

solution to exit the cylinder. 

[0028] In operation, the vacuum has four phases of operation, as illustrated in Figures 

lA-lD. Figure lA illustrates an intake stroke, wherein the piston is drawn away from the end 

of the cylinde-r adjacent the inlet and the outlets to allow the solution containing chlorine 

30 dio)cide into the cylinder. As the piston is drawn back, the solution enters the cylinder via the 

inlet. Specifically, the valve adjacent the inlet opens to allow the solution into the cylinder. 
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The solution can be drawn into the cylinder via the vacuum created during the back stroke or 

the solution can be injected with a properly timed pump. Similarly, the valve can be opened 

via the vacuum generated during the back stroke or the valve can be controlled via other 

means. such as mechanical or electrical actuators. As shown in this figure, only a small 

5 quantity (relative to the volume of the cylinder) of chlorine dioxide solution is drawn into the 

cylinder. 

[0029] Once the chlorine dioxide solution is drawn into the cylinder via the intake stroke, 

the vacuum stroke illustrated in Figure 1B begins. During the vacuum stroke, the inlet valve 

is closed and the piston continues to be drawn away from the end of the cylinder. Since the 

10 cylinder is sealed, this creates a vacuum within the cylinder. As this vacuum is applied to the 

solution, the amount of chlorine dioxide in the solution is reduced as it is released into the 

atmosphere within the cylinder. 

[0030} Once the piston reaches the opposite end (i.e., opposite the inlet and outlets) of the 

cylinder, the vacuum stroke is complete and the chlorine dioxide gas discharge stroke begins. 

15 During this discharge stroke, the piston is driven toward the gas outlet and the valve located 

in the outlet is opened to allow the extracted chlorine dioxide gas to exit the cylinder. Once 

substantially all of the gas is forced out of the cylinder during this stroke, the outlet valve for 

the gas is closed and the outlet valve for the solution is opened (as shovvn ju Figure 1D). The 

piston continues moving toward the end of the cylinder to purge the solution from the 

20 cylinder. Once all of the solution has been purged from the cylinder~ the process described in 

Figure IA can begin again. 

[0031 J During operation of an entire system, one or more vacuum devices can be used in 

series, in parallel, or in a combination of series and parallel. The number and size of vacuum 

devices. included in an entire gas extraction system wi11 depend upon the amount of gas 

25 needed at peak demand. Smaller operations wm need fewer and/or smaller vacuum devices 

than larger operations, such as a larger international bottling plant. 

[0032] Although the vacuum .device is described specifically with reference to a chlorine 

dioxide solution and chlorine_dioxide gas, this vacuum device can be utilized to remove other 

water soluble gas.es from a solution. For example, this may also have utility removing ozone, 

30 oxygen, ammonia, peracetic acid, and the like, from a solution. 
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[0033] Once the ch1orine dioxide gas is extracted from the solution, the gas can be 

immediately used to clean, sanitize, sterilize, and/or disinfect various items or surfaces. For 

example, in one particular use, the chlorine dioxide gas can be injected into individual food 

containers. such as bottles, jars, cartons, cups. and the like. In other uses, the chlorine 

5 dioxide is injected into piping, vessels, tank~ and other food processing equipment. In yet 

other uses, the chlorine dioxide gas in pumped into a chamber, housing, or the like containing 

various items, such as food, medical equipment, and the like. In yet other embodiments, as 

willbe describedingreaterdetail below,thechlorinedioxide gas can bereintroduced into a 

pure or purified water stream to provide a highly pure chlorine dioxide solution. 

[0034] Once the chlorine dioxide has contacted the item for a sufficient time to clean, 

disinfect, sanitize, and/or sterilize the item, the chlorine dioxide can then be eliminated from 

contact with the item. For example, in one particular embodiment, an ultraviolet light is 

utilized to decompose or deactivate the chlorine dioxide gas. In other embodiments, the gas 

can be evacuated by flushing the container with sterile (filtered) nitrogen, air or other suitable 

15 pressurized gas. The evacuated chlorine dioxide can then be reused, reintroduced into 

solution, or neutralized. 

[0035] As indicated above, the chlorine dioxide gas contacts the item for a sufficient time 

to clean, disinfect, sanitize, and/or sterilize the item. The exact amount of contact time 

needed will depend upon many factors, such as t.he concentration of chlorine dioxide gas in 

20 the carrier gas, relative humidity adjacent the item, temperature adjacent the item or in the 

container, the types of target microorganisms, container surface properties ( coated or 

uncoated), and size of the target container or item. 

[0036J In one specific use, the various aspects of the present invention can be utilized in 

combination in a sterilization or sanitation process for relatively small food containers, such 

25 as bottles on a filling line.- The vacuum device described above is used to extract chlorine 

dioxide gas from a reservoir or sample of ch1orine dioxide solution. The chlorine dioxide gas 

is then injected into each individual container to disinfect the container prior to f"tlling the 

container. Once the gas has contacted the surfaces for a sufficiently long time to sterilize the 

container, the gas can be eliminated from the container. In one specific embodiment, the gas 

30 fa inactivated by an ultraviolet light. SpecificaIIy, the chlorine dioxide gas is exposed to an 

ultraviolet light of sufficient frequency and wave length for a sufficient period of time to 

deactivate or decompose the gas. In some embodiments, the gas is exposed to the ultraviolet 
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light long enough such that the residual chlorine dioxide levels fall below the levels allowed 

in potable water. Some embodiments can utilize a rinse with sterile water to further remove 

the chlorine dioxide gas from the containers if desired or needed. 

[0037] In another specific use, the various aspects of the present invention can be 

5 utilized while processing food, such as fruit, vegetables, poultry, etc. The vacuum device 

described above is used to extract chlorine dioxide gas from a chlorine dioxide solution. The 

chlorine dioxide gas is then injected into a chamber containing the food. The gas can be 

injected directly onto the food or indirectly onto the food via the surrounding environment. 

Once the gas has contacted the surfaces for a sufficiently long time, the gas can be eliminated 

10 from the chamber or the food can be removed from the chamber. In one specific 

embodiment, the gas is eliminated or inactivated by an ultraviolet light as described above. 

Subsequently, the food is removed from the chamber. Alternatively, the food can be 

removed from the chamber via a conveyor system and any escaping gas can be eliminated via 

an ultraviolet light located adjacent the exit of the chamber. 

15 [0038] In yet other uses, the extracted water soluble gas, such as chlorine dioxide, can be 

injected in a room (or chamber, container, etc.) to disinfect the room or objects within the 

room. For example, the chlorine dioxide gas can be used to treat library books or rare art. 

Additionally, the gas can be used to decontaminate an entire room, such as a.room with 

suspected anth..ra..-x and/or mold contamination" 

20 {0039] As indicated above, the present invention c-an be used to create a highly pure 

chlorine dioxide (or other soluble gas) solution. Particularly, once the gas is extracted from 

the original solution, the gas can be dissolved into a pure or purified solution, such as purified 

water. The gas can be dissolved into the pure solution many ways known in the art. For 

example, in one embodiment, the gas can be dissolved in the solution by bubbling the gas 

25 into the solution. 

[0040) This process of extracting a water soluble gas from one solution and dissolving it 

in another solution can enable one to make a highly purified so1ution containing the gas. For 

example, many chlorine dioxide solutions can contain some impurities that may be 

undesirable in some applications. For example, some by-products from reactions that 

. 30 produce chlorine dioxide solutions can include chlorate, chloride, chlorite, hypochlorite, and 

the like. These by-products may be a concern in some applications. Accordingly, the 
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gas can be extracted from the solution and dissolved into purified water to create a highly 

pure chlorine dioxide solution. 

[0041] The embodiments described above and iHustrated in the figures are presented by 

way of example on]y and are not intended as a limitation upon the concepts and principles of 

5 the present invention. As such, it will be appreciated by one having ordinary skill in the art 

that various changes in the elements and their configuration and arrangement are possible 

without departing from the spirit and scope of the present invention. For example, the 

examples described above can be modified to apply to food processing equipment, medical 

devices, etc. Further, various alternatives to the certain features and elements of the present 

10 invention may be described with reference to specific embodiments of the present invention. 

15 

With the exception of features, elements, and manners of operation that are mutually 

exclusive of or are inconsistent with each embodiment described above, it should be noted 

that the alternative features, elements, and manners of operation described with reference to 

one particular embodiment may be applicable to the other embodiments. 

[0042] Various features of the invention are set forth in the following claims. 
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What is claimed is: 

1. A method for treating a food container, the method comprising: 

providing a chlorine dioxide containing solution; 

extracting chlorine dioxide gas from the chlorine dioxide solution with a vacuum; 

removing the chlorine dioxide gas from the vacuum; and 

injecting the chlorine dioxide gas from the vacuum into the food container. 

2. The method of daim I further comprising eliminating the chlorine dioxide gas from 

10 the container. 

15 

20 

25 

3. The method of claim 2 wherein the step of eliminating the chlorine dioxide gas from 

the container comprises exposing the chlorine dioxide gas to an ultraviolet light to deactivate 

the chlorine dioxide gas. 

4. The method of claim 1 wherein the step of extracting chlorine dioxide gas from the 

chlorine dioxide solution with a vacuum comprises: 

providing a sample of the chlorine dioxide containing solution into a chamber, and 

applying a vacuum to the sample. 

5. The method of claim 4 wherein the step of applying a vacuum comprises: 

sealing the chamber; and 

actuating a piston within the chamber to generate a vacuum within the chamber. 

6. The method of claim 5 wherein the step of removing the chlorine dioxide gas from the 

chamber comprises actuating the piston within the chamber to expel the gas via an outlet in 

the chamber. 
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7. An apparatus for treating a food container, the apparatus comprising: 

a reservoir containing a chlorine dioxide solution; 

a vacuum coupled to the reservoir to remove chlorine dioxide gas from the chlorine 

dioxide solution; and 

a conduit coupled to the vacuum and positioned to inject the chlorine dioxide gas into 

the container. 

8. The apparatus of claim 7, further comprising a device positioned adjacent the 

container to eliminate the chlorine dioxide gas in the container once the container has been 

10 effectively treated by the chlorine dioxide gas. 

15 

9. The apparatus of daim 8, wherein the device that eliminates the chlorine dioxide gas 

comprises an ultraviolet light adapted to be selectively illuminated to deactivate the chlorine 

dioxide gas in the container. 

10. The apparatus of cJaim 7, wherein the vacuum comprises: 

a selectively sea]able chamber adapted to receive a sample of the chlorine dioxide 

solution; and 

a piston selectively moveable within the chamber, wherein movement of the piston in 

20 a first direction generates a vacuum within the chamber to separate chlorine dioxide gas from 

the solution and movement of the piston in the opposite direction forces the chlorine dioxide 

gas from the chamber. 
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injecting chlorine dioxide gas into the food container to treat the food container; 

allowing the chlorine dioxide gas to contact the container for a sufficient time to treat 

5 the container; and 

deactivating the chlorine dioxide gas within the containers via an illuminated 

ultraviolet light positioned adjacent the container. 

12. The method of claim 11, further comprising: 

providing a chlorine dioxide containing solution; and 

extracting ch]orine dioxide gas from the chlorine dioxide solution with a vacuum. 

13. The method of claim 11, wherein the step of extracting chlorine dioxide gas from the 

chlorine dioxide solution with a vacuum comprises: 

15 providing a sample of the chlorine dioxide containing solution into a chamber; and 

applying a vacuum to the sample. 

20 

14. The method of claim 13, wherein the step of applying a vacuum comprises: 

sealing the chamber; and 

15. 

actuating a piston within the chamber to generate a vacuum within the chamber. 

An apparatus for treating a food container. the apparatus comprising: 

a source of chlorine dioxide gas; 

a conduit coupled to the source of chlorine dioxide gas and positioned to inject the 

25 chlorine dioxide gas into the container; and 

30 

an ultraviolet light positioned adjacent to the container and adapted to be selectively 

illuminated to deactivate the chlorine dioxide gas in the container. 

The apparatus of claim 15, wherein the source of chlorine dioxide gas comprises:. 

a reservoir containing a chlorine dioxide solution; and 

a vacuum coupled to the reservoir to remove chlorine dioxide gas from the chlorine 

dioxide solution. 
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17. The apparatus of claim 16, wherein the vacuum comprises: 

a selectively sealable chamber adapted to receive a sample of the chlorine dioxide 

solution; and 

a piston selectively moveable within the chamber, wherein movement of the piston in 

5 a first direction generates a vacuum within the chamber to separate chlorine dioxide gas from 

the solution and movement of the piston in the opposite direction forces the chlorine dioxide 

gas from the chamber. 

18. A method of separating chlorine dioxide gas from a solution containing chlorine 

10 dioxide, the method comprising: 

15 

20 

providing a chlorine dioxide containing solution; 

providing a sample of the chlorine dioxide containing solution into a chamber; 

sealing the chamber; 

actuating a piston within the chamber to generate a vacuum within the chamber; and 

extracting chlorine dioxide gas from the chlorine dioxide solution with a vacuum. 

19. An apparatus for separating chlorine dioxide gas from a solution containing chlorine 

dioxide, the apparatus comprising: 

a reservoir containing a chlorine dioxide solution; 

a selectively sealable chamber adapted to receive a sample of the chlorine dioxide 

solution from the reservoir; and 

a piston selectively moveable within the chamber, wherein movement of the piston in 

a first direction generates a vacuum within the chamber to separate chlorine dioxide gas from 

the solution and movement of the piston in the opposite direction forces the chlorine dioxide 

25 gas from the chamber. 
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20. A method for disinfecting an item, the method comprising: 

providing a solution containing a water soluble gas having disinfecting properties; 

extracting the water soluble gas from the solution with a vacuum; 

removing the water soluble gas from the vacuum; 

injecting the water soluble gas from the vacuum toward the item; and 

disinfecting the item with the water soluble gas. 

21. The. method of ciann 20 wberein the; step of extracting the water soluble gas from the 

solution with a vacuum comprises: 

22. 

23. 

providing a sample of the solution into a chamber; and 

applying a vacuum to the sample. 

The method of claim 21 wherein the step of applying a vacuum comprises: 

sealing the chamber; and 

actuating a piston within the chamber to generate a vacuum within the chamber. 

The method of claim 22 wherein the step of removing the water soluble gas from the 

chamber comprises actuating the piston within the chamber to expel the gas via an outlet in 

the chamber. 
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24. An apparatus for disinfecting an item, the apparatus comprising; 

a reservoir containing a solution containing a water soluble gas having disinfecting 

properties; 

a vacuum coupled to the reservoir to remove the water soluble gas from the solution; 

5 and 

a conduit coupled to the vacuum and positioned to inject the water soluble gas into 

contact with the item to disinfect the item. 

25. The apparatus of claim 24, further comprising a device positioned adjacent the item to 

10 eliminate the water soluble gas once the item has been effectively treated by the water soluble 

gas. 

26. The apparatus of claim 25, wherein the water soluble gas is chlorine dioxide and the 

device that eliminates the chlorine dioxide gas comprises an ultraviolet light adapted to be 

15 selectively illuminated to deactivate the chlorine dioxide gas in the container. 

27. The apparatus of claim 24, wherein the vacuum comprises: 

a selectively sealable chamber adapted to receive a sample of the solution; and 

a piston selectively moveable within the chamber, wherein movement of the piston in 

20 a first direction generates a vacuum within the chamber to separate water soluble gas from 

the solution and movement of the piston in the opposite direction forces the water soluble gas 

from the chamber. 

25 

30 

28. A method for disinfecting an item, the method comprising: 

providing a solution containing a water soluble gas having disinfecting properties; 

extracting the water soluble gas from the solution with a vacuum; 

removing the water soluble gas from the vacuum; 

dissolving the extracted water soluble gas into purified water to create a highly pure 

solution; 

contacting the item with the highly pure solution; and 

disinfecting the item with the highly pure solution. 

29. The method of claim 28 wherein the step of extracting the water soluble gas from the 

solution with a vacuum comprises: 
17 
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30. 

providing a sample of the solution into a chamber; and 

applying a vacuum to the sample. 

The method of claim 29 wherein the step of applying a vacuum comprises: 

sealing the chamber; and 

actuating a piston within the chamber to generate a vacuum within the chamber. 

31. Th~ method ofc;_faiI11 30 \V_f:ie_rninthe_ $t,;,p of removing the water soluble_ gas from the 

chamber comprises actuating the piston within the chamber to expel the gas via an outlet in 

10 the chamber. 

15 

32. A method for creating a purified chlorine dioxide solution, the method comprising: 

providing a solution containing chlorine dioxide gas and other impurities; 

extracting the chlorine dioxide gas from the solution with a vacuum; and 

dissolving the extracted chlorine dioxide gas into purified water to create a highly 

pure chlorine dioxide solution. 
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(54) Disinfection apparatus 

(57) A disinfection apparatus including a container; 
a cap having an article-retaining means, a sealing 
means and a catalytic element-retaining means affixed 
thereto; and a catalytic element. The disinfection appa-
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ratus has particular utility in the disinfection of contact 
lenses with hydrogen peroxide solutions. Also disclosed 
are venting and sealing components, catalytic ele
ments, molded article-retaining assemblies, and cata
lytic element formation methods. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates broadly to devices for disin
fection. In a preferred embodiment, the invention relates 
to devices for disinfection of contact lenses. 

2. DESCRIPTION OF THE RELATED ART 

Contact lenses provide the consumer with an ex
ceptionally convenient and comfortable alternative to 
conventional eyeglasses. However, proper mainte
nance of contact lenses involves periodic lens steriliza
tion or disinfection to eliminate harmful bacteria and fun

gi, and cleaning to remove deposits such as proteins or 
lipids which adhere to the lens. In order to clean and 
disinfect contact lenses, a wide variety of devices have 
been developed. 

A particularly efficacious method of disinfecting 
contact lenses is by a chemical treatment of the lenses 
with a hydrogen peroxide solution, as described in U.S. 
Patent No. 3,912,451, issued to Gaglia, Jr., Oct. 14, 
1975. In a typical lens disinfecting apparatus, contact 
lenses are placed in hydrogen peroxide solution inside 
a container. The container is sealed (e.g., by threads on 
the container mating with threads on a cap) for a prede
termined period of time to sufficiently disinfect the lens

es, with the seal preventing liquid spillage resulting from 
container movement. 

Although hydrogen peroxide is highly effective in 
disinfecting contact lenses, hydrogen peroxide must be 
removed from lenses prior to placing the lenses in a pa
tient's eye in order to avoid patient discomfort. One 
method of removing hydrogen peroxide involves con
tacting the hydrogen peroxide with a platinum catalyst, 
thereby rapidly decomposing the hydrogen peroxide in
to water and gaseous oxygen. Liberated gaseous oxy
gen resulting from the peroxide decomposition gener
ates internal pressure in the disinfecting container which 
must be vented. In order to alleviate this pressure, a va
riety of venting means have been developed. Also, a 
number of catalytic elements and lens retaining assem
blies have been developed. The catalytic elements dis
closed in the art have primarily been some form of plat
inum-coated disk-shaped elements. 

For example, U.S. Patent No. 4,011,941, issued to 
Parsons on Mar. 15, 1977, discloses a contact lens ster
ilization container which includes a hollow cylindrical 
chamber having two opposing openings which are 
sealed by two caps. One cap includes a convoluted cat
alytic reactor which is friction-retained on the cap. The 
catalyst is essentially a disc-shaped element with pro
tuberances extending therefrom. The other cap includes 
a stem with contact lens holders and a resealable vent
ing means. The venting means is an O-ring positioned 

in an annular groove passageway from the interior of 
the container to the exterior surroundings. The O-ring 
acts as a pressure release valve when oxygen is pro
duced by the decomposition of peroxide in the presence 

5 of the catalyst. 
U.S Patent No. 4,637,919, issued to Ryder, et al., 

Jan. 20, 1987, discloses a contact lens cleaning con
tainer and mating cap, where the cap includes a filter 
assembly positioned in a vent passageway. The filter as-

10 sembly includes a hydrophobic membrane which con
tinuously vents the gas generated within the container 
during the decomposition of peroxide. The pores in the 
hydrophobic membrane are sufficiently small to inhibit 
liquid leakage from the container. The catalyst used is 

15 the same or analogous to the catalyst disclosed in U.S. 
Patent No. 4,011,941. 

U.S Patent No. 4,750,610, issued to Ryder, Jun 
14, 1988, discloses a disinfecting container which is af

fixed to a cap via loose threading. The cap includes a 
20 resiliently deflectable flange which acts as a check valve 

in conjunction with the container. In operation, the cap 
flange is typically in a closed position, i.e., the flange is 
positioned immediately adjacent a portion of the con
tainer, thereby preventing liquid leakage. When excess 

25 internal pressure develops, the cap flange deflects, al
lowing gas to pass through the loosely threaded con
tainer-cap connection to the outside of the container. 
The catalyst used is the same or analogous to the cat
alyst disclosed in U.S. Patent No. 4,011,941. 

so U.S. Patent No. 4,956,156, issued to Kanner, et al., 

Sep. 11, 1 990, discloses a disinfecting system which in
cludes a cap having a bore. A post is positioned in the 
bore with a resiliently-deflectable diaphragm positioned 
around the post. The diaphragm-post seal prevents liq-

35 uid leakage, while allowing gas to pass upon deflection 
of the diaphragm when sufficient internal pressure de
velops. 

U.S. Patent No. 4,996,027, issued to Kanner, Feb. 
26, 1991, discloses a disinfecting system which includes 

40 a container and cap connected by threading. A self-re

seating unitary gasket is positioned between the cap 
and container to provide a liquid-tight seal. Increased 
internal pressure causes the gasket to unseat, at least 
partially, allowing gas to pass between the cap and con-

45 tainer connection to the environment. 
U.S. Patent No. 5,196,174, issued to Cerola, et al., 

on Mar. 23, 1993, discloses a structure for removably 
mounting a catalyst between the contact lenses holders. 
The catalyst is a disc which is defined as a generally flat, 

50 disc-like member with a pattern of recesses and ridges 
formed on either face or surface thereof. The advantage 
of the design is that the catalyst may be removed and 
replaced by a user as the catalytic agent becomes ex
hausted from use. 

55 U.S. Patent No. 5,250,266, issued to Kanner, Oct. 

2 

5, 1993, discloses a lens disinfecting apparatus, includ
ing a container and a cap, in which gas is vented through 
a type of check valve in the cap. The check valve in-
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eludes a disc having a linear slit therethrough. The slit 
generally provides a liquid-impermeable barrier, but 
when internal pressure is generated, the slit opens to 
allow gas to pass to the environment 

Although various disinfection apparatusses have 
been proposed in the past, there is a need to provide a 
less complicated system, both from a manufacturing 
perspective and from an operational perspective. In ad
dition, there is a need for catalyst elements which are 
less expensive to manufacture and which provide im
proved fluid flow profiles during peroxide decomposi
tion. Further, there is a need for improved means for al
lowing internally generated gas to vent from the disin
fection device. There is also a need to improve the cap 
and lens retaining assembly. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a disinfection 
device which may be manufactured with less complexity 
than prior art devices. 

Another object of the invention is to provide a cata
lytic element which has improved fluid flow profiles. 

a sealed chamber with said container. The rims are suf
ficiently flexible to at least partially deform to allow gas 
to vent from said chamber. The rims are sufficiently re
silient to return to a position of contact with the container 

5 after venting, thereby reestablishing said sealed cham
ber. 

A further embodiment of the present invention is an 
assembly for use in a disinfection container. The assem
bly is inexpensive and simple to manufacture and as-

10 semble, and may be easily recycled. The assembly in
cludes (a) a cap including a means for affixing the cap 
to the container, (b) an elongated support member af
fixed to the cap, (c) sealing means affixed to the elon
gated support member, with the sealing means being 

15 capable of forming a substantially liquid impermeable 
chamber with said container, (d) lens-retaining means 
affixed to the elongated support member, (e) catalytic 
element-retaining means affixed to said elongated sup
port member; and a catalytic element retained within the 

20 catalytic element-retaining means. 

A further object of the invention is to provide a cat
alytic element which is less complex and less costly to 25 

manufacture than prior art catalytic elements. 

Yet another embodiment of the present invention is 
a disinfection device, which is particularly useful in the 
disinfection of contact lenses. The disinfection device 
includes (a) a container adapted to receive a disinfecting 
solution; (b) a cap adapted to be releasably affixed to 
the container at the open end; (c) an elongated support 

Yet another object of the invention is to provide an 
improved vent means for a disinfection device which 
generates gas during operation. 

An additional object of the present invention is to 
provide a contact lens disinfection system having im
proved venting means, an improved catalytic element, 
and improved ease of manufacturing. 

One embodiment of the present invention is a cat
alytic element for a disinfection device. The catalytic el
ement includes a catalyst substrate having a base por
tion, a side wall portion extending from the peripheral 
edge of the base portion, with the portions defining an 
inner concave surface and an outer convex surface, and 
a means for affixing the catalytic element to a catalytic 
element supporting member. The catalytic element fur
ther includes a coating of catalytic material deposited 
on at least a portion of a surface of the catalyst sub
strate, which catalytic material catalyzes the decompo
sition of a disinfectant species in solution. A preferred 
catalytic material is platinum and a preferred disinfect-
ant is hydrogen peroxide. 

Another embodiment of the present invention is a 
sealing and venting component for a device which gen
erates internal gas pressure during operation. The seal
ing and venting component provides a substantially liq-
uid impermeable seal which vents internally generated 
gas at a certain pressure differential. The sealing and 
venting component includes a housing having an inter
nal and an external surface, and at least two elongated 
rims extending outwardly from the external surface a 
distance which is sufficient for the rims to contact the 
internal surfaces of the cylindrical container to establish 

30 

member extending into the container and being affixed 
to the cap; (d) an article-retaining means affixed to the 
elongated member; (e) a sealing mens affixed to said 
elongated member: and (f) a catalytic element affixed to 
the elongated member. The sealing means is at least 
partially deformable, such that internal gas generated 
within said container will vent to a point outside said con
tainer. 

35 Still another embodiment of the invention is a proc-
ess for making a catalytic element The process in
cludes the steps of (a) feeding a continous sheet of sub
strate material into a vacuum forming chamber, (b) vac
uum forming a desired cataltyic element shape in the 

40 substrate material, (c) feeding the continuous sheet into 
a coating chamber, (d) coating at least one surface of 
the shaped catalytic element substrate to form a cata
lytic element. and (e) removing a catalytic element from 
the sheet. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side sectional view of one embodiment 
of a contact lens disinfection apparatus of the present 

50 invention. 
FIGS. 2a and 2b are side sectional views of one em-

bodiment of an unassembled, molded member of the 
present invention which includes article- and catalyst-
retaining means. 

55 FIG. 3 is a side sectional view of an alternative em-

3 

bodiment of the molded member of the present inven
tion which includes article- and catalyst-retaining 
means. 
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FIGS. 4a and 4b are bottom views of the molded 
member of FIG 3. 

FIGS. 5a, 5b, Sc, and Sd are side, top, bottom and 
side sectional views, respectively, of one embodiment 
of the cap. 

FIGS. 6a, 6b, and6care side sectional, top and side 
views, respectively, of one embodiment of the sealing 
means of the present invention. 

FIGS. 7a and 7b are bottom and side sectional 
views of one embodiment of the catalytic element of the 
present invention. 

Fl G. 8 is a bottom view of a molded sheet of catalytic 
elements of FIGS. 7a and 7b. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The invention has utility in the disinfection of arti
cles, such as ophthalmic lenses, which require routine 
disinfection procedures to be peformed by consumers. 
"Disinfection", as used herein, refers broadly to deacti
vativating, killing, or removing microorganisms from an 
article, and is sometimes referred to as sterilization or 
cleaning. The disinfection processes which are useful 
in accordance with the present invention are those in 
which a gas is liberated during or after the disinfection 
process, for example, by decomposition of the disinfect
ant. The invention finds particular utility in the disinfec
tion of contact lenses with peroxide, concurrently with 
or followed by catalytic decomposition of the peroxide 
into water and gaseous oxygen. 

The invention may be easily understood with refer
ence to the drawings. FIG. 1 is a side sectional view of 
one embodiment of a disinfection apparatus of the 
present invention. Disinfection apparatus 10 includes 
container 12 which is adapted to receive a disinfecting 
solution. Container 12 has an end which includes a sub
stantially circular periphery defining an opening which 
is adapted to receive a lens retaining means. Cap 14 is 
releasably affixed to the open end of container 12 via 
mating threading 16 on the cap and container. 

Cap 14 has elongated member 18 affixed thereto. 
Elongated member 18 supports article-retaining means 
20, catalytic element-retaining means 22, and deform
able sealing means 24. The catalyst element-retaining 
means holds catalytic element 26 beneath article-retain
ing means 20. Elongated member 18 extends into cavity 
26 defined by container 12 when cap 14 is affixed to the 
container. The deformable sealing means is positioned 
between cap 14 and article-retaining means 20 to seal 
cavity 28 from the surroundings, and prevent liquid held 
within the cavity from leaking from the disinfection ap
paratus when the apparatus is tilted or turned upside 
down. 

The deformable sealing means provides a normally 
closed, substantially liquid-impermeable seal for liquid 
held within the container. However, the sealing means 
is at least partially deformable, such that internal gas 

generated within the container wil I vent to a point outside 
the container by at least partially deforming a portion of 
the sealing means, thereby forming a passageway be
tween a point inside said container to a point outside 

5 said container. The passageway may include a path 
through a loosely threaded cup-container connection or 
openings, such as circular holes, directly through the 
cap. 

FIGS. 2a and 2b are side sectional views of one em-
10 bodiment of an unassembled, molded member which in

cludes article-retaining means 20, catalytic element-re
taining means 22, and elongated member 18. In order 
to assemble molded member 30, first a catalytic element 
(not shown in FIGS. 2a and 2b) is inserted into catalytic 

15 element-retaining means. Then, elongated member 18 
is folded at flexible joints 32 so that end 34 is positioned 
immediately adjacent end 36. Ends 34 and 36 are per
manently affixed to one another by any means known 
in the art, including without limitation thereto, use of ad-

20 hesives, use of pressure affixation methods, use of in
terference fit designs of the ends, or use of heat sealing 
methods. 

FIG. 3 is a side sectional view of an alternative 
molded member to the embodiment shown in FIGS. 2a 

25 and 2b. While the embodiment of FIGS. 2a and 2b re
quires a step of affixing end 34 to end 36 subsequent to 
molding, the FIG. 3 embodiment is a molded member 
which does not require a subsequent affixation step to 
form end 43. In this embodiment, article-retaining 

30 means 20 includes two holders which are shaped to hold 
ophthalmic lenses, especially contact lenses. Lens 
holder 38 includes a concave portion 40 and a convex 
portion 42 connected by a flexible joint 44. In use, a con
tact lens may be placed in concave portion 40, while 

35 convex portion 42 is rotated to a position immediately 
adjacent concave portion 40. The concave and convex 
portions are releasably affixed to one another, e.g., by 
interference fit or some form of snap fitting, to retain the 
lens during the disinfection cycle. Concave portion 40 

40 and convex portion 42 include openings 46 and 48, re
spectively, to allow disinfecting solution to pass through 
to the lens retained therein. 

A catalytic element is inserted into opening 45 of 
the FIG. 3 embodiment and dropped onto catalytic ele-

45 ment-retaining means 41. The peripheral rim of the cat
alytic element-retaining means (See FIG. 7b) rests on 
the peripheral support of catalytic element-retaining 
means 41 Once the catalytic element is inserted into its 
resting position, the two article-retaining members are 

50 moved into position as shown in FIG. 4a and 4b, with 
the article-retaining means trapping the cataltic element 
from the side opposite the catalytic element retaining 
means 41. 

FIGS. 4a and 4b are bottom views of the molded 
55 member of FIG 3. FIG. 4a illustrates the molded member 

with the contact lens holders in an open position, ready 
to receive contact lenses. FIG. 4b illustrates the molded 
member with contact lens holders releasably affixed to 

4 
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the molded member in a position which minimizes the 
cross-sectional area, so that the molded member and 
contact lenses may be easily inserted into the disinfec
tion container. The contact lens holders are affixed to 
one another by an interference between male affixation 
member 47 on one contact lens holder and female af
fixation member 49 on the other contact lens holder. The 
interference fit is preferably sufficiently secure to pre
vent the consumer from manually separating the contact 
lens holders, so that the consumer is encouraged to re
cycle the entire assembly, i.e, molded member and cat
alytic element, at one time. 

FIGS. Sa and Sb are side and top views of one em
bodiment of the cap, respectively. Cap 50 preferably in
cludes grasping means such as ribs 52, as shown in 
FIG. Sa, which are raised from the surface of the cap an 
amound which promotes consumer convenience in 
grasping the cap. In the FIG. Sb embodiment, the cap 
also includes venting passageways which are openings 
extending through the cap. Cap 50 includes two sub
stantially circular holes 54 extending through the cap, 
providing a passageway from a point inside the contain
er to a point outside the container when the cap is affixed 
to the container. 

FIGS. Sc and 5d are bottom and side sectional 
views, respectively, of cap 50. Cap 50 includes a cylin
drical-shaped affixation means 56 which extends sub
stantially perpendicularly from the inside surface of cap 
50. Affixation means 56 includes a peripheral lip 58 
which extends inwardly from the end of the affixation 
means which is opposite the surface of cap 50. The seal
ing means is connected to the cap by affixation means 
56. 

FIGS. 6a, 6b, and6care side sectional, top and side 
views of one embodiment of the sealing means of the 
present invention. Sealing means 60 includes cup
shaped housing 62 having a concave and a convex sur
face. The convex surface includes a substantially flat 
surface 63 which is adapted to mate with cap 50 and a 
substantially cylindrical wall 65. Two elongated rims 64 
and 66 extend peripherally outward and substantially 
perpendicularly from the cylindrical wall of the convex 
surface of sealing means 60. Sealing means 60 further 
includes a lip 68 which extends peripherally outward 
from the cylindrical wall of the convex surface of sealing 
means 60, at a position between the flat surface 63 and 
rims 64 and 66. When the device is assembled, sealing 
means 60 is retained on cap 50 by an interference fit 
between sealing means lip 68 and cap lip 58. 

Sealing means 60 is formed from a resiliently flexi
ble material so that rims 64 and 66 may be deformed by 
internal pressure to provide a vent passageway be
tween the sealing means and the container wall for vent
ing. Thus, the seal is not formed within the cap, but is 
formed by intimate contact between sealing rims 64 and 
66 and the container walls. While sealing means 60 may 
be formed from a wide variety of materials, preferred 
materials include polypropylene and polyethylene. 

The sealing means of the present invention pro
vides a substantially liquid impermeable seal with the 
interior of the container walls to form a sealed chamber 
for liquid retention. When gas in the sealed chamber 

5 causes the internal pressure to reach a predetermined 
value in excess of the external ambient pressure, the 
sealing means rims flex or deform, at least partially, to 
allow gas to pass. The gas may then vent outside the 
apparatus through openings in the cap or through the 

10 mating threads of the cap-container connection. 
The sealing means of the present invention 

presents clear advantages over the prior art. One ad
vantage is that the sealing means includes at least two 
rims, both of which provide protection from solution leak-

15 age or spills. If one of the rims becomes damaged (e.g., 
torn) or inadvertently held open (e.g., by debris on the 
container walls), the other rim still provides completely 
independent sealing and venting functions. Another ad
vantage of the present sealing means is that the double 

20 rim design prevents any leakage from any solution 
which inadvertently passes the first rim. For example, if 
the apparatus is placed in a travel container and shaken 
during travel, increased disinfectant decomposition 
rates and foaming may result. Alternatively, if the appa-

25 ratus is placed upside down during the disinfectant de
composition process, solution may conceivably be 
forced past the first rim. In either of these instances, the 
second sealing rim provides additional protection to 
keep the solution from leaking out of the disinfection ap-

so paratus. 
The catalytic element includes a thin molded sub

strate and a catalytic coating deposited on the substrate. 
The substrate is preferably an inexpensive plastic ma
terial, such as poly(ethylene terephthalate), also known 

35 as PET. The preferred catalytic coating is platinum or a 
platinum-containing alloy, because platinum catalyzes 
the decomposition of hydrogen peroxide into water and 
oxygen. The coating may be deposited by a number of 
methods known in the art, including dip coating and ion 

40 beam deposition methods. A preferred method of coat
ing the substrate material is by ion beam-assisted dep
osition. Thus, a preferred catalytic element has a PET 
substrate which is coated or impregnated with platinum 
metal. 

45 The catalytic element is preferably of a shape which 
lends itself to inexpensive and efficient mass production 
by vacuum forming. Thus, the catalytic element prefer
ably has a convex surface and a concave surface The 
catalytic element should have a base portion and a side 

50 wall portion which extends from the peripheral edge of 
the base portion, with the side walls having either a cy
lindrical or conical shape. In addition, the catalytic ele
ment preferably has protrusions or extensions which in
crease surface area without either substantially increas-

55 ing the volume the element must occupy or substantially 
increasing the difficulty of manufacture. 

5 

The catalytic element should also be shaped to pro
mote good fluid flow and minimize "dead space" (i.e., 
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areas of little or no flow) during the disinfectant decom
position process. Therefore, the catalytic element pref
erably includes a plurality of holes therethrough, with the 
holes being located to facilitate improved flow regimes. 
Finally, the catalytic element should have a means for 
affixing the catalytic element to the disinfection appara
tus. 

In a preferred embodiment, the catalytic element 
has a truncated cone shape. Thus, the catalytic element 
has a circular flat surface with a conical wall extending 
outwardly from the edge of the circular flat surface. The 
angle which the conical wall extends from the flat sur
face has an impact on both the flow during the decom
position of the disinfectant and the catalytic metal dep
osition process. If the angle of the wall is too steep, dep
osition of metal (e.g., platinum) on the wall is very diffi
cult. On the other hand, angles which are too large (i.e., 
approaching a flat sheet) tend to cause gas bubbles to 
remain adhered to the wall during the disinfection proc
ess. The adhered bubbles prevent disinfectant from ef
ficiently contacting the catalyst, thereby slowing the de
composition process. Therefore, the angle between the 
conical portion and flat bottom portion of the catalyst is 
preferably about 30 to 60 degrees. 

Also, the catalytic coating is preferably only depos
ited on the inner walls of the catalyst substrate material. 
Coating only the inner walls of the catalyst substrate en
sures that gas from disinfectant decomposition is gen
erated only on the concave interior portion of the cata
lytic element. A current is then generated as the gas 
bubbles are released from the interior of the catalytic 
element and move towards the top of the disinfectant 
container. Solution from beneath the catalytic element 
passes through the openings in the bottom of the cata
lytic element to replace the gas bubbles which are re
leased from the inside. Thus, gas bubbles moving up
ward in the interior of the container cause an interior up
ward solution flow and a downward solution flow near 
the container walls. In contrast, if catalytic material were 
deposited on the exterior of the catalytic element, de
composition gas bubbles would form on, and be re
leased from, the exterior of the catalytic element, there
by opposing the previously-described current. There
fore, the catalytic element is preferably coated only on 
the interior surfaces in order to promote good mixing and 
minimize the time required to decompose the disinfect
ant. 

FIGS. 7a and 7b are bottom and side sectional 
views of one embodiment of the catalytic element of the 
present invention. Catalytic element 80 has a interior 
concave surface 82 and an exterior which includes a 
base portion 84 and walls 86 extending in a conical fash
ion from bottom 84. Catalytic element 80 also includes 
a plurality of holes 88 through bottom surface 84. Bottom 
surface 84 includes raised portions 90 which add sur
face area to the catalytic element without adding sub
stantially to the difficulty of manufacturing the catalytic 
element or to the volume required by the catalytic ele-

ment when placed in the container. 
Catalytic element 80 also includes rim 92 which ex

tends outwardly along the peripheral edge of the cata
lytic element. The catalytic element is retained within the 

5 assembled elongated member when rim 92 rests within 
catalytic element-retaining means 22 (See FIG.1 ). 

The substrate of the catalytic element is a flexible 
material which has sufficient rigidity to give the catalytic 
element a definite shape. Preferably, the substrate is 

10 formed in an efficient, inexpensive vacuum forming 
process. FIG. 8 is a bottom view of a molded sheet of 
catalytic element substrates having the shape of the cat
alytic elements of FIGS. 7a and 7b. A plurality of cata
lytic element 100 are vacuum formed in a sheet of sub-

15 strate material 102. The catalytic element substrates 
may then be punched out or cut out of the sheet 102. 

Coating of the catalytic elements may occur prior to 
or subsequent to the removal of the shaped catalytic el
ement substrates from the material sheet. In a preferred 

20 embodiment, the catalytic elements are vacuum formed 
and coated with catalyst in a semi-batch or continuous 
process. For example, the catalytic element formation 
process may include the steps of (a) feeding a continous 
sheet of substrate material into a vacuum forming cham-

25 ber, (b) vacuum forming a desired cataltyic element 
shape in the substrate material, (c) feeding the contin
uous sheet into a coating chamber, (d) coating at least 
one surface of the shaped catalytic element substrate 
to form a catalytic element, and (e) removing a catalytic 

so element from the sheet. While all surfaces of the cata
lytic element may be coated, it is preferably to have only 
the interior surface of the shaped catalytic element sub
strate coated with catalyst material. 

It should be noted that the methods of affixing com-
35 ponents of the disinfecting apparatus to one another 

may be selected from a wide variety of affixation meth
ods known in the art and described generally herein. 
However, "releasably affixing" one component to anoth
er refers to the affixing of components in a manner that 

40 allows the components to be separated from, and re
affixed to, one another many times without substantially 
damaging the components or the affixation means. 
"Permanently affixing" one component to another refers 
to methods of affixing components such that separation 

45 of the components results in substantial damage to one 
or more of the components, likely to render the compo
nents or affixation means inoperable. 

The invention has been described in detail, with ref
erence to certain preferred embodiments, in order to en-

50 able the reader to practice the invention without undue 
experimentation. However, a person having ordinary 
skill in the art will readily recognize that many of the com
ponents and parameters may be varied or modified to 
a certain extent without departing from the scope and 

55 spirit of the invention. Furthermore, titles, headings, or 
the like are provided to enhance the reader's compre
hension of this document, and should not be read as 
limiting the scope of the present invention. Accordingly, 

6 
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the intellectual property rights to this invention are de- through the space between said mating threads 
fined only by the following claims and reasonable exten- when the pressure inside said sealed container ex-
sions and equivalents thereof. ceeds said predetermined pressure. 

5 4. A device of claim 1, wherein said catalytic element 
Claims has a concave surface and a convex surface. 

1. A disinfection device, comprising 5. A device of claim 4, wherein said concave surface 
of said catalytic element faces said article-retaining 

(a) a container adapted to receive a disinfecting 10 means. 
solution, said container having at least one end 
which includes a substantially circular periph- 6. A device of claim 1, wherein said catalytic element 
ery defining an opening which is adapted to re- is permanently affixed to said elongated member, 
ceive a lens retaining means; such that removal of said catalytic element will dam-
(b) a cap adapted to be releasably affixed to 15 age said catalytic element-retaining means and 
said container at said open end; render said catalytic element-retaining means inop-
(c) an elongated member affixed to said cap, erable. 
wherein said elongated member extends into 
said container when said cap is affixed to said 7. A device of claim 1, wherein said article is an oph-
container; 20 thalmic lens. 
(d) means for retaining articles to be disinfect-
ed, said article-retaining means being affixed to 8. A device of claim 7, wherein said ophthalmic lens 
said elongated member, whereby said article- is a contact lens. 
retaining means extends into said container 
when said cap is affixed to said container; 25 9. A device of claim 1, wherein said catalytic element 
(e) means for releasably sealing said container, comprises: 
thereby providing a normally liquid-impermea-
ble seal, wherein said sealing means is affixed (a) a catalyst substrate, including: 
to said elongated member interposed between 
said article-retaining means and said cap, 30 (1) a base portion, 

(2) a side wall portion extending from the 
whereby said sealing means is at least par- peripheral edge of the base portion, where-

tially deformable, such that internal gas generated in said portions define an inner concave 
within said container will vent to a point outside said surface and an outer convex surface, and 
container, when the internal pressure reaches a 35 (3) a means for affixing said catalytic ele-
predetermined pressure in excess of the external ment to a catalytic element supporting 
pressure, by at least partially deforming a portion of member; and 
said sealing means, thereby forming a passageway 
between a point inside said container to a point out- (b) a coating of catalytic material deposited on 
side said container; and 40 at least a portion of at least one of said surfac-

(f) a catalytic element affixed to said elongat- es, which catalytic material catalyzes the de-
ed member, wherein said catalytic element is posi- composition of a said species in solution. 
tioned inside said sealed container when said cap 
is affixed to said container. 10. A device of claim 1, wherein said sealing means 

45 comprises: 
2. A device of claim 1, wherein said cap includes at 

least one hole therethrough, such that when internal (a) a housing having an internal and an external 
gas pressure exceeds a predetermined pressure surface; 
beyond the external atmospheric pressure, gas will (b) at least two elongated rims extending out-
vent by at least partially deforming said sealing 50 wardly from said external surface a distance 
means, passing between said sealing means and which is sufficient for said rims to contact the 
said container wall, and passing through said hole internal surfaces of said container to establish 
in said cap. a sealed chamber with said container, which 

sealed chamber is substantially liquid imper-
3. A device of claim 1, wherein said cap is affixed to 55 meable, 

said container by mating threads on said cap and 
said container, wherein said mating threads provide wherein said rims are sufficiently flexible to at 
sufficient space therebetween to allow gas to vent least partially deform to allow gas to vent from said 
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chamber when the internal pressure of the chamber edge defined by the side walls. 
exceeds a predetermined amount beyond the pres-
sure outside said rims, and 20. A catalytic element of claim 11, wherein said cata-

wherein said rims are sufficiently resilient to lyst substrate is vacuum formed. 
return to contact said internal surfaces of said con- 5 

tainer after venting, thereby reestablishing said 21. A catalytic element of claim 11, wherein said cata-
sealed chamber. lyst material is deposited on said substrate by ion 

beam assisted deposition. 
11. A catalytic element for increasing the reaction rate 

of a chemical species in solution, said catalytic el- 10 22. A catalytic element of claim 11, wherein said cata-
ement comprising: lytic element has an internal surface which includes 

a substantially flat bottom wall and conical side 
(a) a catalyst substrate, including: walls extending outwardly from the peripheral edge 

of said bottom wall. 
(1) a base portion, 15 

(2) a side wall portion extending from the 23. A catalytic element of claim 22, wherein the angle 
peripheral edge of the base portion, where- between said conical side walls and said bottom 
in said portions define an inner concave wall is about 30 to 60 degrees. 
surface and an outer convex surface, and 
(3) a means for affixing said catalytic ele- 20 24. A catalytic element of claim 11, wherein said cata-
ment to a catalytic element supporting lytic material is deposited only on the interior portion 
member; and of said catalyst substrate. 

(b) a coating of catalytic material deposited on 25. A sealing and venting component for an apparatus 
at least a portion of at least one of said surfac- 25 including a substantially cylindrical container which 
es, which catalytic material catalyzes the de- retains solution, which apparatus is exposed to in-
composition of a said species in solution. ternally generated gas which must be vented during 

apparatus use or storage, said sealing and venting 
12. A catalytic element of claim 11, wherein said cata- component comprising: 

lyst material is platinum. 30 

(a) a housing having an internal and an external 
13. A catalytic element of claim 11 , wherein both said surface; 

convex and concave surfaces are coated with a cat- (b) at least two elongated rims extending out-
alyst material. wardly from said external surface a distance 

35 which is sufficient for said rims to contact the 
14. A catalytic element of claim 11, wherein said base internal surfaces of said cylindrical container to 

portion has a plurality of holes extending there- establish a sealed chamber with said container, 
through. which sealed chamber is substantially liquid im-

permeable, 
15. A catalytic element of claim 11, wherein said base 40 

portion includes raised portions extending there- wherein said rims are sufficiently flexible to at 
from, thereby providing said catalytic element with least partially deform to allow gas to vent from said 
a surface area greater than a catalytic element with chamber when the internal pressure of the chamber 
a base portion which is substantially flat. exceeds a predetermined amount beyond the pres-

45 sure outside said rims, and 
16. A catalytic element of claim 11 , wherein said side wherein said rims are sufficiently resilient to 

walls extend conically outward from the peripheral return to contact said internal surfaces of said con-
edge of said base portion. tainer after venting, thereby reestablishing said 

sealed chamber. 
17. A catalytic element of claim 11 , wherein said side 50 

walls extend cylindrically outward from the periph- 26. A sealing and venting component of claim 2, where-
eral edge of said base portion. in said external component surface includes a sub-

stantially flat base portion and a substantially cylin-
18. A catalytic element of claim 11, wherein said chem- drical side wall portion extending from the edge of 

ical species in solution is hydrogen peroxide. 55 said base portion, and wherein said rims extend 
outwardly from said side wall portion 

19. A catalytic element of claim 11, wherein said affix-
ation means is a rim extending outwardly from the 27. A sealing and venting component of claim 26, fur-

8 
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ther comprising a means for affixing said compo

nent to said container. 

28. A sealing and venting component of claim 27, 
wherein said affixation means includes a lip extend- 5 

ing outwardly from said side wall portion at a point 

between said rims and said base portion. 

29. A sealing and venting component of claim 25, 
wherein said component is composed of polypro- 10 

pylene. 

30. An assembly for retaining ophthalmic lenses, seal
ing a container, and retaining a catalytic element, 
said assembly comprising: 15 

(a) a cap including a means for affixing said cap 

to a container to be used with said assembly; 

(b) an elongated support member affixed to 
said cap; 20 

(c) means for sealing said container, said seal-
ing means being affixed to said elongated sup-
port member, said means being capable of 
forming a substantially liquid impermeable, gas 

permeable chamber with said container; 25 

(d) means for retaining contact lenses affixed 
to said elongated support member; 
(e) a means for retaining a catalytic element, 
said catalytic element-retaining means being 
affixed to said elongated support member; and 30 

(f) a catalytic element retained within said cat
alytic element-retaining means. 

31. An assembly of claim 30, wherein said sealing 
means is capable of forming a seal with the interior 35 

walls of said container. 

32. An assembly of claim 30, whererin said sealing 
means is positioned between said lens-retaining 
means and said cap. 40 

33. An assembly of claim 32, wherein said lens-retain

ing means is positioned between said sealing 
means and said catalytic element-retaining means. 

34. An assembly of claim 32, wherein said lens-retain

ing means is positioned between said sealing 
means and said catalytic element-retaining means. 

45 

35. A method of forming a catalytic element, comprising 50 

the steps of: 

(a) feeding a continous sheet of substrate ma
terial into a vacuum forming chamber; 
(b) vacuum forming a desired cataltyic element 55 

shape in said substrate material; 

(c) feeding said continuous sheet into a coating 
chamber; 

9 

16 

(d) coating at least one surface of the shaped 

catalytic element substrate to form a catalytic 
element; and 
(e) removing said catalytic element from said 
sheet. 
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Description 

Field of the Invention 

[0001] The invention relates generally to methods of 
drying by evacuation. In particular, the invention per
tains to enhanced vacuum drying using plasma excita
tion. 

Background of the Invention 

[0002] Some new commercial systems for sterilizing 
medical instruments and the like utilize low-temperature 
reactive gas plasma to achieve rapid, low-temperature, 
low-moisture sterilization of medical items. Low-temper
ature gas plasma is sometimes described as a reactive 
cloud which may contain ions, electrons, and/or neutral 
atomic particles. This state of matter can be produced 
through the action of electric or magnetic fields, or 
through other external forces such as high-energy par
ticle flux. In general, an electric field can be in any fre
quency range (An example of a naturally occurring plas
ma is the aurora borealis or the northern lights). One 
commercial embodiment of plasma sterilization is the 
STERRAD® Sterilization Process practiced by the as
signee of the present application. The STERRAD® 
process is performed in the following manner. The items 
to be sterilized are placed in the sterilization chamber, 
the chamber is closed, and a vacuum is drawn. An aque
ous solution of hydrogen peroxide is injected and vapor
ized into the chamber so that it surrounds the items to 
be sterilized. After reduction of the pressure in the ster
ilization chamber, a low-temperature gas plasma is ini
tiated by applying radio frequency energy to create an 
electrical field. In the plasma, the hydrogen peroxide va
por is dissociated into reactive species that collide/react 
with and kill microorganisms. After the activated com
ponents react with the organisms or with each other, 
they lose their high energy and recombine to form oxy
gen, water, and other nontoxic byproducts. The plasma 
is maintained for a sufficient time to achieve sterilization 
and remove residuals. At the completion of the process, 
the RF energy is turned off, the vacuum is released, and 
the chamber is returned to atmospheric pressure by the 
introduction of High Efficiency Particulate - filtered Air 
(HEPA). 
[0003] The above-described sterilization system can 
safely process medical items currently sterilized by eth
ylene oxide and steam, with the exception of linens, oth
er cellulosic materials, powders, and liquids. Sterilized 
items are ready to be used in a little over an hour after 
starting the sterilizer. The process requires no aeration, 
and there are no toxic residues or emissions. Prepara
tion of instruments for sterilization is similar to current 
practices: cleaning the instruments, reassembly, and 
wrapping. The system typically uses non-woven poly
propylene wraps, which are commercially available, and 
a special tray and container system. A special adaptor 

placed on long, narrow lumen instruments allows rapid 
sterilization of their channels. A chemical indicator spe
cifically formulated for this process is used, as well as a 
specifically designed biological indicator test pack. 

5 [0004] The efficacy of the STERRAD plasma sterili
zation system has been demonstrated by: (1) killing a 
broad spectrum of microorganisms; (2) killing highly re
sistant bacterial spores in less than one-half of the full 
sterilization exposure cycle; (3) killing highly resistant 

10 bacterial spores on 16 different substrates commonly 
used in medical items. Depending upon the particular 
design plasma sterilization systems can therefore pro
vide efficient, safe methods for sterilizing medical instru
ments and other hospital products. 

15 [0005] For optimum operation, a plasma sterilization 
system such as that described above requires the loads 
that are to be sterilized to be quite dry. However, normal 
hospital practice in the preparation of instruments for 
sterilization often results in levels of water that may be 

20 excessive. The excess water makes it difficult to achieve 
the low-pressure thresholds required to initiate the ster
ilization process. To initiate the sterilization process, the 
chamber pressure is preferrably reduced to relatively 
low levels, for example approximately 200-700 mTorr. 

25 Since the equilibrium vapor pressure of water is signifi
cantly higher than 700 mTorr at room temperature, any 
water in the chamber or load will begin to vaporize dur
ing the vacuum phase. The heat of vaporization required 
for the water to vaporize causes the load and any re-

so maining water to chill. When enough water has vapor
ized, the remaining liquid begins to freeze. Eventually, 
the remaining liquid will completely freeze, which slows 
the rate of vapor generation and retards the attainment 
of the pressure levels required for optimum operation of 

35 the sterilizer. These conditions can cause undesirably 
long sterilization cycles or even cancellation of the ster
ilization cycle. To avoid this problem, a method is need
ed for preventing or removing any solid water in the vac
uum chamber so that the desired pressure may be 

40 quickly achieved for sterilization. 
[0006] Gaseous ion bombardment of surfaces in vac
uo, commonly known as sputtering, is often used to re
move adsorbed molecular species from surfaces and 
even to remove surface layers of the material itself. Al-

45 though it is known that noble gas plasma sputtering may 
enhance outgassing in high and ultra high vacuum sys
tems, the energy and momentum exchange mecha
nisms between the plasma and surface can also lead to 
material damage of the surface as well as emission of 

50 the adsorbed species. Clearly, sputtering with the at
tendant material damage is unacceptable for a steriliza
tion process. 

55 

2 

Summary of the Invention 

[0007] According to the present invention there is pro
vided a method which comprises evacuating ambient air 
from a volume surrounding a substrate to a first prede-
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termined vacuum pressure; generating a residual gas 
plasma within the evacuated volume; and further evac
uating the volume surrounding the substrate to a second 
predetermined pressure which is lower than the first pre
determined vacuum pressure. 
[0008] The present method can be used for sterilizing 
an object in which the item to be sterilized is first placed 
in a sealed chamber. A vacuum is then applied to the 
chamber. At a first predetermined vacuum pressure, a 
plasma is generated in the chamber. This first plasma 
enhances the drying of the item to be sterilized by trans
ferring energy to any ice or water which may be present 
inside the sterilizer, thereby promoting vaporization with 
evacuation. Preferably, the plasma generated at the first 
pressure is terminated after a period of time which is 
proportional to the quantity of wetting agent present. 
The vacuum is further applied to reach a second prede
termined vacuum pressure which is lower than the first 
pressure. Finally, a sterilizing gas can be injected into 
the chamber and radio frequency or other energy may 
be applied to generate a plasma with the sterilizing gas. 
After a sufficient time has elapsed for the item to be com
pletely sterilized, the chamber is vented to atmospheric 
pressure and the article is removed. 
[0009] The first predetermined vacuum pressure is 
preferably approximately 700 mTorr, and the second 
predetermined level is suitably approximately 300 
m Torr. While the plasma is being generated, the vacuum 
can continue to be drawn until a pressure of approxi
mately 300 mTorr has been reached. Alternatively, the 
RF generator may be engaged for a predetermined pe
riod of time, after which the RF generator is switched off 
while continuing to evacuate the chamber. When the 
second predetermined level has been reached, a reac
tive fluid such as hydrogen peroxide can be introduced 
into the sterilizer. The fluid is allowed to diffuse through
out the sterilizer for a number of minutes and then a fur
ther vacuum is drawn inside the sterilizer. When a vac
uum of approximately 500 mTorr has been reached, the 
RF generator is then energized for a second time. In the 
plasma sterilization apparatus, the RF energy initiates 
a plasma of the remaining air molecules and molecules 
of the sterilizing gas transforming them into a number of 
highly reactive species. These reactive species attack 
any micro organism present in the chamber, inactivating 
them. After the RF generator has been engaged for a 
sufficient time and the sterilization process is complete, 
the RF generator is turned off and the vacuum is vented 
to atmospheric pressure through a suitable filter. 
[001 0] By aiding in the removal of water from the ster
ilizer, the plasma drying technique of the present inven
tion advantageously reduces the time required to draw 
the required vacuum inside the sterilizer during the initial 
phase of the sterilization process. Indeed, if large 
amounts of water are present in the material to bester
ilized, it may not be possible to draw the required vacu
um within a reasonable time without using the plasma 
vacuum drying technique of the present invention. Con-

sequently, the sterilization operation can be conducted 
in a much shorter time than otherwise possible by use 
of the method of the present invention. 
[0011] The present method can also be employed as 

5 a plasma enhanced drying process which is of course 
useful in itself as a low-temperature evacuation dryer 
independent of the sterilization process. In accordance 
with this aspect of the present invention, ambient air in 
the volume surrounding a quantity of condensed mate-

10 rial is evacuated to promote vaporization. The volume 
is evacuated to a first predetermined vacuum pressure 
which is substantially at or less than the equilibrium va
por pressure of the condensed material. Such a con
densed material may for example be water or ice but 

15 may also be other volatile wetting agents. A residual gas 
plasma is excited in the evacuated volume to advanta
geously promote vaporization during evacuation or in
termittently with evacuation. The method of plasma en
hanced drying according to the present invention is par-

20 ticularly suited for removing quantities of water that 
wou Id otherwise freeze to form ice, substantially slowing 
conventional evacuation drying methods. 

25 

Brief Description of the Figures 

[0012] Figure 1 is a simplified diagram of a plasma 
sterilization apparatus. 
[0013] Figure 2 is a block diagram of a plasma steri
lization process. 

so [0014] Figure 3 is a vacuum profile of a plasma steri
lization process. 
[0015] Figure 4 is a plot of evacuation characteristics 
for various process loads. 
[0016] Figure 5 is a block diagram of a plasma-en-

35 hanced vacuum drying process. 
[0017] Figure 6 is a vacuum profile of a plasma-en
hanced drying process. 
[0018] Figure 7 is a vacuum profile of a plasma steri
lization process using plasma-enhanced vacuum dry-

40 ing. 
[0019] Figure 8 is a plot of evacuation performance 
for vacuum drying with and without plasma enhance
ment. 

45 Detailed Description of the Preferred Embodiments 

[0020] Referring to the drawings, Figure 1 depicts a 
plasma sterilizer in block diagram form generally at 10. 
The sterilizer 10 and its components and methods of use 

50 are described more fully in U.S. Patent 4,756,882, is
sued July 12, 1988 and assigned to the assignee of the 
present application. The sterilizer includes a vacuum 
and plasma chamber 11; a vacuum pump 12 connected 
to the electrode 11 by a valve 17; and a source of suit-

55 able reactive agent 13 such as hydrogen peroxide and 
connected to the vacuum chamber 11 by a line having 
a valve 19 therein. The sterilizer 10 also includes an RF 
generator 14 electrically connected to the plasma gen-

3 
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erator inside the vacuum chamber 11 by a suitable cou
pling 18, as well as a HEPA vent 15 connected to the 
vacuum chamber via a line and a valve 41. A process 
control logic 16, preferably a programmable computer, 
is connected to each of the components which are con
nected to the vacuum chamber 11. The process control 
logic 16 directs the operation of each of the components 
connected to the vacuum chamber at the appropriate 
time to effectuate the sterilization operation. 
[0021] The vacuum chamber 11 contains the objects 
to be sterilized and is sufficiently gas-tight to support a 
vacuum of less than 300 mTorr (1 Torr = 133,3 N/m2). 

Inside the chamber 11 is an RF antenna, or electrode 
array 27 to which the RF energy is supplied. In a pre
ferred embodiment the electrode is arranged such that 
it is tubuler and equidistant from the chamber 11 wall to 
produce a symmetric RF electric field distribution. The 
electrode excites a plasma when an RF potential is ap
plied by the RF generator 14 through the RF coupling 

limiting evacuation rate and possibly even base-pres
sure. Hence, the time required to attain a desired pres
sure is strongly dependent on the amount of water 
present on the objects to be sterilized, as indicated by 

5 the evacuation performance curves of Figure 4. Curve 
52 shows the evacuation time for an empty chamber 11 , 
while curves 58, 60 and 62 shows the evacuation per
formance for water bearing loads of 500 µI, 600 µI and 
2500 µI respectively. In the present exemplary steriliza-

10 tion process, it is preferable to attain a chamber pres
sure of 300 mTorr within a 20 minute evacuation time 
span. Clearly the evacuation and drying time can be
come unacceptably long for even typical quantities of 
residual water, as would be encountered in hospital 

15 cleaning processes. 
[0026] The process of vacuum vaporization causes 
heat transfer between the load, including the condensed 
water, and the portion of water undergoing vaporization 

18. The RF coupling 18 may be a coaxial cable or other 20 

such waveguide capable of transmitting high power RF 
energy without significant impedance loss connected to 

(i.e. heat of vaporization). Since the load and condensed 
water are thermally isolated (e.g. in a vacuum) they cool 
as vaporization occurs during evacuation step 20. Cool-
ing can cause the remaining water to transition the triple 
point and freeze, thus further slowing the evacuation 
step 20. This frozen water may be removed from the 

an impedance matching device for the electrode. 
[0022] The vacuum pump 12 and connecting valve 17 
comprise a conventional arrangement well known in the 
art. The vacuum pump is typically a mechanical vacuum 
pump such as the rotary vane variety, capable of draw-
ing a vacuum in the dry vacuum chamber 11 of approx
imately 300 mTorr or less within approximately 5 min
utes of pumping. The valves 17 should have sufficient 
integrity to seal a vacuum of less than 300 mTorr without 
significant leakage. This requirement also applies to the 
other valves 19 and 41 present in the sterilizer. 
[0023] The RF generator 14 is a conventional RF os
cillator well known in the art, such as for example a solid
state or a vacuum tube oscillator with RF power ampli
fication. The combination may generate RF energy in a 
frequency range of .1 MHz to 30 MHz and powers rang-
ing from 50 W to 1500 W, and preferably a frequency of 
13.56 MHz and power greater than 100 W. 

[0024] Operation of the plasma sterilizer 10 without 
the plasma-enhanced drying technique of the present 
invention is described in schematic form in Figures 2 
and 3, which respectively illustrate the sequence of op
erations employed by the sterilizer 1 O and the corre
sponding pressure in chamber 11 as a function of time. 
[0025] After the objects to be sterilized have been 
placed in the vacuum chamber and the chamber has 
been sealed, the process control logic 16 engages the 
vacuum pump 12 and valve 17 to evacuate the chamber 
to a pressure substantially at or below the equilibrium 
vapor pressure of the wetting agent, in this case water, 
as indicated by step 20. The pressure inside the vacuum 
chamber is tracked by the curve 21 in Figure 3. The 
pressure drop generally follows a non-linear path, often 
accurately described by first-order differential behavior. 
Under such circumstances, water or other such con
densed solvent can act as a reservoir for residual vapor, 

25 chamber only by the much slower process of sublima
tion, which significantly increases the time required to 
dry the load and evacuate the chamber to the required 
pressure. Consequently, a considerable length of time 

30 

may be required to evacuate chamber 11 during the in
itial step 20. 
[0027] When a desired vacuum threshold has been 
reached, the reactive sterilization agent 13 is injected 
during step 22. The injection of the sterilization agent 
during step 22 causes the pressure inside the vacuum 

35 chamber to rapidly rise; in the preferred embodiment, 
the pressure may rise to a level of approximately 5000 
mTorr or more, as indicated by the curve 23 in Figure 3. 
The injection phase may take approximately 6 minutes. 
After the sterilization agent is injected into the chamber, 

40 it is allowed to diffuse completely and evenly throughout 
the vacuum chamber during step 24. This step typically 
lasts approximately 45 minutes, at which time the ster
ilization agent should be substantially in equilibrium in
side the vacuum chamber 11. 

45 [0028] At the end of the diffusion period, the process 
control logic 16 again engages the vacuum pump 12 and 
opens the valve 17 to pump down the chamber 11 to a 
vacuum of approximately 500 mTorr during step 26. The 
pressure inside the vacuum chamber rapidly drops to a 

50 value of 500 mTorr, as indicated by the curve 25 in Fig
ure 3. When the pressure inside the chamber 11 has 
reached 500 mTorr, the process control logic 16 com
mands the RF generator 14 to generate an RF signal 
which is transmitted to the plasma generator. This action 

55 causes a gas plasma to be created inside the vacuum 
chamber during step 28. The components of the plasma 
are dissociation species of the reactive agent as well as 
molecules of residual gas remaining in the chamber 11. 

4 
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[0029] Generating the plasma induces a brief rise in 
pressure, as indicated by the pressure immediately after 
step 28. The plasma generator remains energized for 
approximately 15 minutes during the sterilization step 
30, and the plasma it creates can effectively destroy any 
pathogens present in the vacuum chamber 11. The ster
ilization process is conducted at an approximately con
stant pressure of 500 mTorr, as indicated by curve 31 in 
Figure 3. 
[0030] After the sterilization process is complete, the 
chamber 11 is vented through the HEPA vent 15 during 
the venting step 32. This venting step is indicated by the 
curve 33 in Figure 3. A final vacuum application is un
dertaken to flush any remaining sterilizing agent which 
may be present in the chamber. A vacuum of approxi
mately 1 Torr is quickly drawn, as indicated by curve 35 
in Figure 3. Following this step, the vacuum chamber is 
again vented to atmospheric pressure through the 
HEPA vent 15, as indicated by the curve 37, and the 
sterilized articles are removed from the chamber. 
[0031] A preferred method of plasma-enhanced dry
ing according to the present invention is disclosed in the 
context of the aforementioned sterilization method, and 
described with respect to Figures 5 and 6. It is under
stood that in all other respects, the operation of the ster
ilizer 10 described above is the same. It is also under
stood that the plasma enhanced drying can be applied 
to a wide variety of vacuum applications in addition to 
the plasma sterilization described. 
[0032] After the articles to be sterilized are introduced 
into the chamber 11 and the chamber 11 is sealed, the 
vacuum pump 12 and valve 17 are energized to evacu
ate the chamber 11 to a predetermined pressure, in this 
case a pressure of about 700 mTorr, as indicated by step 
40 in Figure 5. The chamber pressure generally be
haves as shown by curve 50 of Figure 6. When the de
sired pressure has been reached, the process control 
logic 16 transmits a command to the RF generator 14 
to energize the electrode within the chamber 11, as in
dicated by step 42. This action causes a gas plasma to 
be created inside the chamber 11 comprised of residual 
gas species. It will be appreciated that other chamber 
and electrode configurations as well as RF generators 
may render appreciable variation in the pressure range 
over which a plasma may be supported. Moreover, var
ious other conditions such as solvent content, process 
time, temperature and equilibrium vapor pressure will 
determine the conditions under which plasma enhance
ment is most desirable. In the present embodiments 
herein disclosed the plasma tranfers energy to the con
densed water thereby aiding the vaporization process. 
While such energy transfer serves to increase the water 
temperature, it is preferred that the plasma does not 
chemically or physically alter the load surfaces as is 
commonly encountered in a sputtering or plasma chem
ical process. Thus, the plasma should preferably have 
average energy and momentum characteristics suffi
cient to impart heat energy to the condensed water, 

while leaving the load surface molecules and molecular 
bonds intact. In the present embodiment, the plasma is 
usually generated when the chamber pressure is ap
proximately 700 mTorr, whereas at higher pressures 

5 such generation may be limited due to the impedance 
between the chamber 11 and the RF generator 14. Fur
thermore, plasma generation at about 700 mTorr sub
stantially minimizes the total process time required to 
reach a pre-sterilization pressure of 300 mTorr. 

10 [0033] The creation of the residual gas plasma caus
es the pressure to rise inside the chamber, indicating 
enhanced vapor generation, as shown by the cusp 52 
of curve section 51 in figure 6. While plasma is being 
generated, the vacuum pump 12 remains engaged to 

15 further evacuate the chamber concurrent with this peri
od of enhanced vapor generation as indicated by step 
44. After a period of time, in this case approximately 
5-15 minutes of operation, the plasma generator is 
turned off, step 46, and the evacuation continues during 

20 step 48. In this exemplary embodiment, evacuation con
tinues until a pressure of approximately 300 mTorr is at
tained. As indicated by a second cusp 53 in curve 51 of 
Figure 6, evacuation proceeds at a higher rate upon 
quenching the residual gas plasma, indicating a re-

25 duced rate of vaporization. In the present preferred em
bodiment the period over which the plasma enhanced 
evacuation 44 operates is determined by a maximum 
desirable evacuation time of 20 minutes to reach a de
sired pressure of 300 mTorr. It will be appreciated that 

so there are many variations in the manner in which the 
plasma-enhanced evacuation 44 is implemented in a 
drying or sterilization process. In the present exemplary 
embodiment, the plasma enhanced evacuation 44 is in
itiated at a predetermined pressure and may be termi-

35 nated after a period of time or upon reaching a second 
predetermined pressure. A vacuum profile of an entire 
sterilization process utilizing plasma-enhanced drying is 
shown in Figure 7, where process step 20 is replaced 
by process steps 40-48. After the evacuation and drying 

40 process steps 40-48, the remainder of the sterilization 
process is substantially similar to the aforementioned 
sterilization process steps. As indicated in Figure 7, 
plasma-enhanced drying is conveniently incorporated 
into the initial evacuation phase, requiring no additional 

45 material or construction 
[0034] As shown in Figure 4, the plasma-enhanced 
drying technique of the present invention substantially 
decreases the time required for the vacuum pump 12 to 
reduce the chamber pressure required for the operation 

50 of the sterilizer 10. Performance curves 54 and 56 rep
resent the chamber pressure as a function of time during 
evacuation for representative loads with and without a 
plasma-enhanced vacuum drying process respectively. 
Figure 8 is a plot of evacuation performance for evacu-

55 ation after plasma-enhancement 82 and without plasma 
enhancement 80 as the chamber pressure approaches 
a nominal final pressure of about 300 mTorr. Indeed, as 
shown in Figure 8, the evacuation rate after plasma ex-

5 
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citation, curve 82, is considerably higher than by vacu
um evacuation alone, curve 80. A comparison of these 
data indicates that the performance gain realized 
through use of plasma-enhanced drying is substantial. 
The present invention achieves this result because the 
plasma generated during step 42 transfers energy from 
the RF generator to the liquid present in the chamber. 
The energy transferred to the liquid promotes vaporiza
tion and hence speeds the drying process. 
[0035] This gain in performance represents an in
crease in the effective pump efficiency during the initial 
evacuation/drying stages 40-48, and results in faster, 
more consistent operation of the sterilizer 10. It has 
been found that plasma-enhanced drying is most useful 
when the time taken by the vacuum pump 12 to reach 
a pressure of 1 Torr during stage 40 is between 5 and 9 
minutes If this time is less than 5 minutes, the items in 
the chamber are already reasonably dry and plasma
enhanced drying may not greatly speed up the drying 
process. If, on the other hand, this time is greater than 
9 minutes, the items in the chamber may be too wet to 
process by the sterilizer as presently constituted. The 
values disclosed herein are valid for the particular con
figuration of the current embodiment. However, these 
values may differ substantially to maximize the benefit 
of the invention for other configurations. It has been de
termined in practice that application of the plasma for a 
duration of time proportional to the wetness of the ob
jects in the chamber results in optimum drying of the ma
terials placed therein. However, durations longer than 
15 minutes have been found to decrease the chance of 
reaching the desired pre-sterilization pressure of 300 
mTorr inside the chamber 11 within the desired 20 
minute duration (the maximum time presently allowed 
in a commercial embodiment of the sterilizer 10) of ini
tiation of the vacuum pumping step 40. 
[0036] An additional advantage of the present inven
tion is that plasma enhanced drying may be applied to 
the full complement of load material types compatible 
with the plasma sterilizing process without perceptible 
physical or chemical damage. Finally, a residual gas or 
other such plasma intended for enhancing vaporization 
can be energetically tailored by varying gas species and 
applied RF power to render an efficient energy transfer 
to a variety of wetting agents. It is particularly advanta
geous for applications requiring low temperature vacu
um drying, and furthermore is not limited to aqueous 
wetting agents. 
[0037] While the present invention has been de
scribed with respect to use in a sterilization system, it 
should, of course, be understood that plasma-enhanced 
vacuum drying can be applied to other systems in which 
it is desirable to improve drying efficiency for objects in 
vacuum. In this regard the invention may be useful as 
simply a dryer if the load to be dried includes at least 
one milliliter of water. 

Claims 

1. A method which comprises: 

5 evacuating ambient air from a volume sur
rounding a substrate to a first predetermined 
vacuum pressure; 
generating a residual gas plasma within the 
evacuated volume; and 

10 further evacuating the volume surrounding the 
substrate to a second predetermined pressure 
which is lower than the first predetermined vac
uum pressure. 

15 2. The method of claim 1 wherein the first predeter-
mined pressure in the evacuated volume is approx-
imately 700 mTorr. 

3. The method of claim 1 or claim 2, wherein the plas-
20 ma is excited at or below approximately the equilib-

rium vapour pressure of a vapourisable component 
of the substrate. 

4. The method of any one of claims 1 to 3, wherein the 
25 duration of plasma generation is shorter than 15 

minutes. 

5. The method of any one of claims 1 to 4, wherein the 
substrate is a condensed material and the genera-

30 tion of the plasma promotes vaporisation of the ma-
terial. 

6. The method of claim 5, wherein the du ration of plas-
ma generation is proportional to the quantity of the 

35 condensed material to be vapourised. 

7. The method of any one of claims 1 to 4, wherein the 
substrate is a wet article and wherein the article is 
removed from the volume without introducing any 

40 fluid into the volume other than the fluid which re-
lieves the vacuum. 

8. The method of claim 7, wherein the plasma is 
quenched when the pressure in the volume is about 

45 600 mTorr. 

9. The method of any one of claims 1 to 4, wherein the 
substrate is an article which includes at least one 
milliliter of water and wherein plasma generation 

50 and evacuation are continued until a desired quan-
tity of water is removed from the article. 

10. The method of any one of claims 7 to 9, wherein the 
generation of the plasma is continued until the evac-

55 uation rate increases, as an indication that the arti-
cle is substantially dry. 

11. The method of any one of claims 1 to 4, wherein the 

6 
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substrate is an article to be sterilised and a sterilis
ing gas is introduced into said volume at said sec
ond predetermined vacuum pressure. 

6. Verfahren nach Anspruch 5, bei dem die Dauer der 
Plasmaerzeugung proportional zu der Menge der 
zu verdampfenden kondensierten Substanz ist. 

12. The method of claim 11, wherein generation of the 
plasma is terminated after a period of time which is 
proportional to the wetness of the article. 

5 7. Verfahren nach einem der Anspruche 1 bis 4, bei 
dem das Substrat ein nasser Artikel ist und bei dem 
der Artikel aus dem Volumen entfemt wird, ohne au
Ber dem Fluid, welches das Vakuum verringert, ein 

13. The method of claim 11 or claim 12, wherein said anderes Fluid in das Volumen einzuleiten. 
second pressure is about 300 mTorr. 10 

14. The method of any one of claims 11 to 13, including 
generating a second gas plasma containing the 
sterilizing gas. 

8. Verfahren nach Anspruch 7, bei dem das Plasma 
geloscht wird, wenn der Druck in dem Volumen un
gefahr 600 mTorr betragt. 

15. The method of claim 14, wherein the second gas 
plasma is generated after the gas has permeated 
throughout the volume and the article being steri
lized. 

15 9. Verfahren nach einem der Anspruche 1 bis 4, bei 
dem das Substrat ein Artikel ist, der zumindest 1 ml 
Wasser enthalt, und bei dem die Plasmaerzeugung 
und Evakuierung fortgesetzt werden, bis eine ge
wunschte Menge an Wasser von dem Artikel ent-

20 fernt ist. 
16. The method of claim 14 or claim 15, wherein the 

second gas plasma is generated at a third pressure 
at a level, preferably of about 500 mTorr, between 
the first and second pressures. 

Patentanspruche 

1. Verfahren, welches die folgenden Schritte umfaBt: 

Evakuieren von Umgebungsluft aus einem Vo
lumen, das ein Substrat umgibt, bis zu einem 
ersten vorbestimmten Vakuumdruck. 
Erzeugen eines Restgasplasmas in dem eva
kuierten Volumen und 
weiteres Evakuieren des Volumens, welches 
das Substrat umgibt, bis zu einem zweiten vor
bestimmten Druck, welcher geringer als der er
ste vorbestimmte Vakuumdruck ist. 

2. Verfahren nach Anspruch 1, bei dem der erste vor
bestimmte Druck in dem evakuierten Volumen un
gefahr 700 m Torr betragt. 

25 

30 

35 

40 

3. Verfahren nach Anspruch 1 oder 2, bei dem das 45 

Plasma ungefahr bei dem Gleichgewichtsdampf
druck einer verdampfbaren Komponente des Sub
strats oder darunter erregt wird. 

4. Verfahren nach einem der Anspruche 1 bis 3, bei 50 

dem die Dauer der Plasmaerzeugung kurzer als 15 
Minuten ist. 

5. Verfahren nach einem der Anspruche 1 bis 4, bei 
dem das Substrat eine kondensierte Substanz ist 55 

und das Erzeugen des Plasmas das Verdampfen 
der Substanz fordert. 

7 

10. Verfahren nach einem der Anspruche 7 bis 9, bei 
dem die Erzeugung des Plasmas fortgesetzt wird, 
bis die Evakuierungsrate als lndiz dafur, daB der Ar
tikel im wesentlichen trokken ist, wachst. 

11. Verfahren nach einem der Anspruche 1 bis 4, bei 
dem das Substrat ein zu sterilisierender Artikel ist 
und ein sterilisierendes Gas in das Volumen bei 
dem zweiten vorbestimmten Vakuumdruck einge-
leitet wird. 

12. Verfahren nach Anspruch 11, bei dem das Erzeu-
gen des Plasmas nach einer Zeitdauer beendet 
wird, welche proportional zu der Nasse des Artikels 
ist. 

13. Verfahren nach Anspruch 11 oder Anspruch 12, bei 
dem der zweite Druck ungefahr 300 mTorr betragt. 

14. Verfahren nach einem der Anspruche 11 bis 13, 
welches das Erzeugen eines zweiten Gasplasmas, 
das sterilisierendes Gas enthalt, umfaBt. 

15. Verfahren nach Anspruch 14, bei dem das zweite 
Gasplasma erzeugt wird, nachdem das Gas sich 
Ober das Volumen und den Artikel, der sterilisiert 
wird, verteilt hat 

16. Verfahren nach Anspruch 14 oder Anspruch 15, bei 
dem das zweite Gasplasma bei einem dritten Druck 
auf einem Niveau zwischen dem ersten und dem 
zweiten Druck erzeugt wird, vorzugsweise bei un
gefahr 500 mTorr. 
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Revendications 

1. Precede qui comprend: 

servant d'indication au fait que !'article est pratique
ment sec. 

11. Procede selon l'une quelconque des revendications 
♦ !'evacuation d'air ambiant d'un volume entou- 5 1 a 4, dans lequel le substrat est un article a steri-

rant un substrata une premiere pression sous liser et ou un gaz sterilisant est introduit dans ledit 
vide predetermines ; 

• 
volume a ladite deuxieme pression sous vide pre
determinee . 

• 

la production d'un plasma de gaz residue! a l'in
terieur du volume evacue • et 

!'evacuation en outre du volume entourant le 
substrat a une deuxieme pression predetermi
nee qui est inferieure a la premiere pression 
sous vide predeterminee. 

10 12. Procede selon la revendication 11, dans lequel la 
production du plasma est terminee apres une pe
riode de temps qui est proportionnelle a l'humidite 
de !'article. 

2. Precede selon la revendication 1, dans lequel la 
premiere pression predeterminee dans le volume 
evacue est approximativement de 700 mTorr. 

15 13. Procede selon la revendication 11 ou 12, dans le
quel ladite deuxieme pression est de 300 mTorr en
viron. 

3. Procede selon la revendication 1 ou 2, dans lequel 
le plasma est excite a ou en dessous approximati
vement de la pression de vapeur d'equilibre d'un 
composant vaporisable du substrat. 

4. Procede selon l'une quelconque des revendications 
1 a 3, dans lequel la duree de production de plasma 
est inferieure a 15 minutes. 

20 

25 

5. Procede selon l'une quelconque des revendications 30 

1 a 4, dans lequel le substrat est un element con
dense et ou la production du plasma favorise lava
porisation de !'element 

6. Precede selon la revendication 5, dans lequel la du- 35 

ree de la production de plasma est proportionnelle 
a la quantite de !'element condense a vaporiser. 

7. Procede selon l'une quelconque des revendications 
1 a 4, dans lequel le substrat est un article humide 40 

et dans lequel !'article est retire du volume sans in
troduire dans le volume d'autre fluide que le fluide 
qui libere le vide. 

8. Procede selon la revendication 7, dans lequel le 45 

plasma est refroidi rapidement lorsque la pression 
dans le volume est de 600 mTorr environ. 

9. Procede selon l'une quelconque des revendications 
1 a 4, dans lequel le substrat est un article qui com- 50 

prend au moins un millilitre d'eau et dans lequel la 
production de plasma et !'evacuation continuent 
jusqu'a ce qu'une quantite souhaitee d'eau soit en
levee de !'article. 

10. Precede selon l'une quelconquedes revendications 
7 a 9, dans lequel la production du plasma continue 
jusqu'a !'augmentation de la vitesse d'evacuation 

55 

8 

14. Procede selon l'une quelconque des revendications 
11 a 13, comprenant la production d'un second 
plasma de gaz contenant le gaz sterilisant. 

15. Procede selon la revendication 14, dans lequel le 
second plasma de gaz est produit une fois que le 
gaz a traverse la totalite du volume, et que !'article 
est sterilise. 

16. Procede selon la revendication 14 ou 15, dans le
quel le second plasma de gaz est produit a un troi
sieme niveau de pression, de preference de 500 
mTorr environ, compris entre les premiere et 
deuxieme pressions. 
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4,643,876 
1 

HYDROGEN PEROXIDE PLASMA 
STERILIZATION SYSTEM 

2 
freon as the gas. The pressure is pulsed, that is, the 
pressure within the container is alternately increased or 
decreased in a cyclic fashion. In addition, the plasma 
may be de-energized during the pressure fall portion of 

FIELD OF THE INVENTION 

The present invention relates to the sterilization of 
articles in gaseous plasmas and, more particularly, to 
the use of hydrogen peroxide in the plasma to kill mi
croorganisms on surfaces and objects such as medical 
instruments. 

5 the pressure cycle to reduce the heating effect on the 
article to be sterilized. 

Japanese Application Disclosure No. 103460-1983 
discloses a plasma sterilization process in which the gas 
consists of nitrous oxide or a mixture of nitrous oxide 

BACKGROUND OF THE INVENTION 

10 with another gas such as oxygen, helium or argon. It is 
stated that the process can be used to sterilize through 
packaging and, particularly, packaging which is made 
from polyethylenetrifluoride or polyethylenetetrafluo-Various methods of sterilization have been used in the 

past for the sterilization of different types of articles 
including disposable and reusable medical equipment, 15 

foods and food containers. Sterilization by steam or by 
dry heat has been extensively used in the past. Steriliza
tion by heat, either wet or dry, is not useful to sterilize 
materials that are adversely effected by such heat or 
steam. Ethylene oxide gas has also been used but suffers 20 
from the drawback that it may leave toxic residues on 
the articles to be sterilized, which may have adverse 
effects, particularly on patients who come into contact 
with such articles. The extended aeration cycles re
quired to remove residual ethylene oxide from some 25 
sterilized items also makes ethylene oxide sterilization 
excessively long. 

The use of plasma to sterilize containers was sug
gested in U.S. Pat. No. 3,383,163. Plasma is an ionized 
body of gas which may be generated by the application 30 
of power from different sources. The ionized gas will 
contact microorganisms on the surfaces of the items to 
be sterilized and effectively destroy the microorgan
isms. 

U.S. Pat. No. 3,851,436 discloses the use of radio 35 
frequency generators to produce such plasmas from 
inert gases such as argon, helium or xenon. U.S. Pat. 
No. 3,948,601 also discloses the use ofa radio frequency 
generated plasma which ionizes argon, nitrogen, oxy
gen, helium or xenon. The processes set forth in the 40 
above-mentioned patent require the direct contact of 
the plasma on the surface of the product to be sterilized, 
which product is not packaged at the time of steriliza
tion. The commercial sterilization procedures used to 
sterilize disposable medical goods generally require that 45 
the medical goods be packaged prior to sterilization 
because of the possibility of contamination by microor
ganisms if the products are packaged subsequent to 
sterilization. 

U.S. Pat. No. 4,207,286 discloses a gas plasma steril- 50 
ization system which uses glutaraldehyde as the gas 
which is used in a plasma sterilization system. The item 
to be sterilized is placed in an unsealed container or 
package and then subjected to the sterilization cycle. 
When the sterilization cycle is completed, the contain- 55 
ers are sealed. The container must be opened during the 
sterilization cycle to allow the gas to flow into the inte
rior of the package or container to allow contact of the 
gas with any microorganisms which may be on the 
surface of the item to be sterilized. 60 

U.S. Pat. No. 4,321,232 discloses a plasma steriliza
tion system in which the item to be sterilized is placed in 
a package made from a porous material. The gas used in 
the process is oxygen, and it is indicated that steriliza
tion can be accomplished through the porous packaging 65 
within 60 minutes. 

U.S. Pat. No. 4,348,357 discloses a plasma steriliza
tion procedure using oxygen, nitrogen, helium, argon or 

ride resins or paper coated with these materials. 
Japanese Application Disclosure No. 162276-1983 

discloses the sterilization of foods using nitrogen oxide 
gas or mixtures of nitrogen oxide gas and ozone in a 
plasma. 

All of these prior plasma sterilization systems have 
not been put into wide commercial use because of the 
limitations on the time required to effect sterilization, 
the temperature obtained in the sterilization process or 
the particular requirements of some of the processes 
that would require post-sterilization packaging. 

Hydrogen peroxide has been known to have bacteri
cidal properties and has been used in solutions to kill 
bacteria on various surfaces. U.S. Pat. No. 4,437,567 
discloses the use of aqueous hydrogen peroxide solu-
tions at low concentrations, i.e., 0.01 % to 0.10% by 
weight, to sterilize packaged products for medical or 
surgical use. At room temperature sterilization requires 
at least 15 days. At higher temperatures sterilization can 
be accomplished in approximately one day. 

U.S. Pat. Nos. 4,169,123; 4,169,124 and 4,230,663 
disclose the use of hydrogen peroxide in the gas phase at 
temperatures below 80° C. and concentrations of 0.10 to 
75 mg H2O2 vapor/L for sterilization and disinfection. 
Depending upon concentration and temperature, steril
ization times are reported to vary from 30 minutes to 
four hours. 

The use of ultraviolet radiation with hydrogen perox
ide for improved antimicrobial activity has been dis
closed in U.S. Pat. Nos. 4,366,125 and 4,289,728. The 
lack of penetration by UV radiation below the surface 
of the object to be sterilized limits the application of this 
effect to clear solutions or surfaces that can be directly 
exposed to the radiation. Objects in an opaque package, 
or objects in a clear package that absorbs UV light 
could not be sterilized. 

Food packaging materials sterilized with hydrogen 
peroxide contain hydrogen peroxide residuals that must 
be removed from the materials prior to use. U.S. Pat. 
No. 4,368,081 discloses the use of antioxidants or reduc
ing agents such as L-ascorbic acid to remove residual 
hydrogen peroxide from a sterilized food package. 

The combination ot: hydrogen peroxide and plasma 
has heretofore not been used for sterilization. 

SUMMARY OF THE INVENTION 

The present invention employs the use of hydrogen 
peroxide as a precursor of the active species in a low 
temperature plasma sterilization system. The steriliza
tion process provides an initial contact of the material to 
be sterilized with the hydrogen peroxide before the 
generation of plasma at a power level sufficient to 
achieve sterilization. It has been found that the use of an 
initial contact period with hydrogen peroxide signifi-
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excess of 1000° C. Plasmas generated at reduced pres
sures, i.e., I0-3 to 102 Torr, are called "glow discharge" 
or low temperature plasma and involve temperatures of 
a few tenths to a few hundred degrees Centigrade. The 

cantly decreases the total time and power required to 
accomplish sterilization with low temperature plasma. 
In addition, the use of the pre-treatment with hydrogen 
peroxide also allows sterilization to occur within many 
different types of packaging material. 
· Since the decomposition products of H2O2 in plasma 
include water, oxygen and hydrogen, no toxic residues 
remain on the sterilized items after plasma treatment. 

5 low temperature plasma of the present invention is pref
erably generated at pressures of less than 10 Torr and 
generally involves temperatures of less than 100° C. 

When used in the present application, the term 
"plasma" is intended to include any portion of the gas 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shows a schematic drawing of the plasma 
reactor used in the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

JO or vapors which contains electrons, ions, free radicals, 
dissociated and/or excited atoms or molecules pro
duced as a result of the applied electrical field including 
any accompanying radiation which might be produced. 
The applied field may cover a broad frequency range, 

15 however, a radio frequency is commonly used. 
The process of the present invention differs from 

prior art gas plasma sterilization processes in two im
portant aspects. The first is the use of hydrogen perox
ide vapor as a precursor of the reactive species rather 
than an inert gas such as oxygen, nitrogen, etc. The 20 
second major difference is the use of a pre-treatment 
time where the hydrogen peroxide vapor is allowed to 
contact the article to be sterilized prior to the applica
tion of the power at levels required to effect steriliza
tion. In the present process, the article to be sterilized is 25 
placed in the plasma chamber, the chamber is closed 
and vacuum is drawn on the chamber to remove the gas 
that is in the chamber. An aqueous solution of hydrogen 
peroxide is then injected into the chamber raising the 
pressure in the chamber to a level of approximately 0.1 30 
to 10 Torr. The hydrogen peroxide remains in the 
chamber for a period of sufficient duration to allow the 
hydrogen peroxide to come in intimate contact with the 
item to be sterilized, normally five to 30 minutes, before 
the plasma is generated at a power level sufficient to 35 
achieve sterilization. The power then remains on for up 
to 50 minutes to allow complete sterilization, although 
sterilization can be effective in periods as short as 5 
minutes from initial plasma generation, depending on 
the concentration of the hydrogen peroxide in the 40 
chamber and the power that is applied to the chamber. 

Plasma sterilization is usually carried out in a cham
ber 20 as illustrated in FIG. 1. The chamber includes a 
door or opening 10 through which articles to be steril
ized can be introduced. The chamber also includes an 
inlet 11 to inject gas into the chamber and a line 12 
connected to a vacuum pump to enable the chamber to 
be evacuated. There is a port 14 in the gas inlet line 11 
to introduce the aqueous solution of hydrogen peroxide 
into the chamber 20. The chamber includes radio fre
quency electrodes 13 which can be wound around the 
entire chamber or placed on the sides of the chamber 
and a radio frequency generator to generate the requi
site radio frequency signal. Coupling of RF power from 
the output of the matching network to the discharge is 
accomplished by means of either a coil or a set of capac
itor plates. These two forms of coupling are referred to 
as inductive and capacitive coupling, respectively. Var
ious control devices which control the generation of the 
radio frequency signal including function generators, 
RF power amplifers, wattmeter and matching network 
are also employed and are illustrated in FIG. 1. The 
matching network matches the input of the amplified 
RF signal into the coil. The plasma is generated by 
evacuating the chamber, introducing a gas or-vaporized 
liquid and turning on the power to the electrodes. The 
plasma is generated in the present process in the same 
manner as in the previously-mentioned prior art plasma 
sterilization system. 

The plasma used in the present process may be con
tinuous or pulsed, th14t is, the power may be applied 
continuously to the plasma or the plasma may be pulsed 
by activating the power in a cyclic manner while main
taining the pressure of the plasma constant. The use of 
a pulsed plasma prevents the overheating of the gas 

It is also possible to carry out the pre-treatment step 
outside of the plasma chamber. The object to be steril
ized could be placed in a vacuum chamber in which 
plasma could not be generated. The chamber would be 45 
evacuated and the hydrogen peroxide injected into the 
vacuum chamber. The object to be sterilized would be 
kept in the vacuum chamber for the desired pre-treat
ment time and then placed in a plasma chamber and the 
plasma generated. 

The materials or objects to be sterilized by the pres
ent process may be packaged in various commonly 
employed packaging materials used for sterilized prod
ucts. The preferred materials are spunbonded polyeth
ylene packaging material commonly available under the 55 
trademark "TYVEK" or composites of "TYVEK" 
with a polyethylene terephthalate packaging material 
commonly available under the trademark "MYLAR". 
Other similar packaging materials may also be em
ployed. Paper packaging materials may also be used. 60 
With paper packaging, longer processing times may be 
required to achieve sterilization because of possible 
interactions of hydrogen peroxide and other reactive 
species with paper. 

SO within the chamber as well as preventing the overheat
ing of objects that may be desired to be sterilized. The 
pulsed sequence may vary over a fairly wide range 
without the danger of overheating any object. Gener-

Plasmas are normally generated by electrical dis- 65 
charges in gases. Plasmas generated at atmospheric 
pressure or at higher pressures are called "arcs" or high 
temperature plasma and may involve temperatures in 

ally, the pulsing sequence is the ratio of power on to 
power off. For example with a 1 :2 pulsed plasma, power 
would be applied for 0.5 milliseconds and then turned 
off and applied again L-0 milliseconds later. The particu
lar pulsing sequence is not critical. The power may be 
applied for periods measured. iri minutes rather than 
seconds. The purpose of pulsing is to avoid overheating 
of the objects to be sterilized, and any pulsing sequence 
that avoids overheating and sterilizes in a reasonable 
time period may be employed. Continuous plasma may 
be employed if there is little danger of overheating the 
item to be sterilized. 

As previously indicated, in the present process the 
hydrogen peroxide is injected into the plasma chamber 
prior to the application of the power necessary to steril-
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ize. The hydrogen peroxide is injected in the form of an 
aqueous solution of hydrogen peroxide containing from 
about 3% to 20% by weight of hydrogen peroxide. The 
concentration of hydrogen peroxide vapor in the cham
ber may range from 0.05 to 10 mg of hydrogen peroxide 5 
per liter of chamber volume. The higher concentrations 
of hydrogen peroxide will result in shorter sterilization 
times. A concentration of 0. 125 mg per liter is the mini
mum preferred concentration of hydrogen peroxide. 
Air or an inert gas such as argon, helium, nitrogen, neon 10 

or xenon may be added to the chamber with the hydro
gen peroxide to maintain the pressure in the chamber at 
the desired level. The hydrogen peroxide solution may 
be injected in one or more separate injections. For ex-

15 ample, at time "zero" one-half of the total amount of 
hydrogen peroxide solution to be used could be injected 
into the chamber, and five minutes later the remainder 
of the hydrogen peroxide solution can be injected. The 
hydrogen peroxide would then remain in the chamber 20 
before power was applied for an additional five to ten 
minutes. Apparently, the pre-treatment time allows the 
hydrogen peroxide to diffuse through the packaging 
material and come into close proximity, if not contact, 
with the surface of the item to be sterilized. Upon the 25 
application of power to the radio frequency generator, 
sporicidally active species are generated by the combi
nation of hydrogen peroxide and plasma, and, therefore, 
the time required to effect sterilization is shorter than in 
prior art processes. It is possible to generate plasma at 30 
low power levels during the pre-treatment cycle, but 
there is no particular advantage in applying power dur
ing the pre-treatment cycle. 

Although the exact mechanism of the sporicidal ac
tivity is not known with certainty, in an electrical dis- 35 
charge hydrogen peroxide can be dissociated into free 
radicals, i.e., OH, O2H, H (M. Venugopalan and A. 
Shih, Plasma Chemistry and Plasma Processing, Vol. 1, 
No. 2, pages 191-199, 1981). These free radicals, either 
alone or in combination with hydrogen peroxide, are 40 
probably the primary source of sporicidal activity. Ul
traviolet radiation is also produced in a low temperature 
plasma and may play a role in sporicidal activity, espe
cially in the presence of hydrogen peroxide. 

The general operation of the present process is as 45 

follows: 
(1) The object or article to be sterilized is placed in a 

vacuum chamber or into the plasma chamber. 
(2) The chamber is evacuated to a pressure of approx- 50 

imately 0.05 Torr. 
(3) An aqueous solution of hydrogen peroxide is in

jected into the chamber to a pressure of vaporized 
water and hydrogen peroxide of from 0.5 to 10 Torr. 
The preferred pressure is from 1 to 2 Torr. The concen- 55 
tration of the hydrogen peroxide injected into the 
chamber may be from about 0.05 to 10 mg/liter of 
chamber volume. The preferred concentration is 0.208 
mg/liter. 

(4) The object to be sterilized is held in the chamber 60 
before plasma with sufficient power to sterilize is gener
ated for a period of from about 5 to 30 minutes. This 
period is referred to herein as the pre-treatment time. 
Pre-treatment times longer than 30 minutes may be 
employed. The duration of the pre-treatment time may 65 
depend on the type of package used, the number of 
items to be sterilized, and the placement of the items in 
the chamber. 

6 
(5) The object to be sterilized is subjected to a plasma 

either in the pre-treatment chamber or in a separate 
plasma chamber. 

(6) The RF energy used to generate the plasma may 
be continuous or it may be pulsed. The object remains in 
the plasma for a period of from 5 to 60 minutes to effect 
complete sterilization. 

Since the hydrogen peroxide is decomposed into 
non-toxic products during the plasma treatment, no 
additional steps are required to remove residual hydro
gen peroxide from the sterilized object or its packaging 
prior to use of the object. 

In the following examples, the effectiveness of the 
sterilization cycle is expressed as the ratio of the number 
of organisms surviving the test (S) to the initial number 
of organisms which were placed on the specimen prior 
to the test (SO). In all of these examples, the organism 
tested was Bacillus subtilis (var. Globigii) spores which 
were placed on paper discs and packaged in a spun
bonded polyethylene package. All examples were con
ducted in a 5.5 liter plasma chamber operating at a 
frequency of 2.49 MHz, except for Example V which 
was conducted at a frequency of 3.89 MHz. 

EXAMPLE 1 

Table I contains a comparison of the sporicidal activ
ity of the present hydrogen peroxide/plasma system to 
other prior art gases in the present plasma cycle. All 
tests were run under the same reaction conditions, i.e., 
150 watts of pulsed plasma in a cycle of 0.5 milliseconds 
plasma on, 1.0 milliseconds plasma off for 15 minutes. 
All tests employed a 10 minute pre-treatment cycle with 
the gas listed in the Table. AU pre-treatments and 
plasma treatments occurred at 1.5 Torr pressure. The 
glutaraldehyde and hydrogen peroxide pre-treatment 
cycle contained 0.208 mg/liter of glutaraldehyde and 
hydrogen peroxide, respectively. The results are ex
pressed as S/SO in which S is the number of surviving 
organisms and SO is the initial number of organisms. 

TABLE I 
SPORICIDAL ACTIVITY OF H2O2/PLASMA SYSTEM 

COMPARED TO OTHER GAS/PLASMA SYSTEMS 

Gas 

02 
N20 
Glutaraldehyde 
H2O2 

Sporicidal Activity 
S/SO 

9.1 X 105/1.3 X 106 = 0.72 
4.9 X JCl4/l.6 X 105 = 0.31 
5.7 X !Cl4/1.1 X lCP = 0.52 

0/3.4 X l05 = 0 

Only the hydrogen peroxide/plasma system exhibited 
good sporicidal activity and sterilized the treated item. 

EXAMPLE II 

The effect of hydrogen peroxide concentration in the 
plasma chamber on sporocidal activity was determined 
by pre-treating test samples with hydrogen peroxide 
vapor of different concentrations at 1.0 Torr pressure 
for ten-minutes. The treated samples were then exposed 
to 200. watts of pulsed plasma in a cycle of 0.5 millisec
onds plasma on and 1.0 milliseconds plasma off for 15 
minutes. Two controls. one using only hydrogen perox
ide and one using only water plasma. were also run. The 
results are shown in Table II. 
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TABLE II 
EFFECT OF H2O2 CONCENTRATION ON 

SPORICIDAL ACTIVITY 
SPORICIDAL ACTIVITY 

Cone. H2O2 H20iAlone H2O2 + Plasma 
(mg H2O2/liter) (S/SO) (S/SO) 

o• 1.0 1.0 
.125 1.0 7.3 X 10-2 
.208 1.0 1.4 X 10-2 

s 

TABLE IV-continued 

EFFECT OF RF POWER LEVEL ON 
SPORICIDAL ACTIVITY OF AIR PLASMA AND 

H202 PLUS PLASMA 

Power 
(Watts) 

200 

SPORICIDAL ACTIVITY 

Plasma Only 
(S/SO) 

3.9 X 10-I 

H2O2 + Plasma 
(S/SO) 

o• 
.416 1.0 o•• 
.625 9.1 X 10-2 o•• IO *Total kill of LS x !05 organisms. 

*A plasma containing 4.16 mg H20/1iter was used in this test. 
••Total kill of 2.4 X 10-' organisms. 

No significant sporicidal activity was obtained with the 
water plasma treatment alone, or with H2O2 alone at 
concentrations below 0.625 mg/liter. However, a signif
icant enhancement in sporicidal activity was obtained 
with the H2Ov'plasma combination at all H2O2 concen
tration evaluated. 

A low level of sporicidal activity was obtained with air 
plasma alone at aU power loads evaluated. Significant 

15 sporicidal acitvity was obtained with the H2O2 plus 
plasma system at 100 watts power, and sterilization was 
achieved at 150 and 200 watts power. 

20 

EXAMPLE III 

EXAMPLE V 

The-effect of plasma generation during the hydrogen 
peroxide pre-treatment time on sporicidal activity was 
determined using a hydrogen peroxide concentration of 
0.208 mg H2Ov'liter at a pressure of 1.5 Torr. During 
the 10 minute hydrogen peroxide pre-treatment time 50, 
75, 100, 125 and 150 watts of power were applied at 3.89 
MHz. The plasma was pulsed in a cycle of 0.5 millisec-
onds power on to 1.0 milliseconds power off. After the 
10 minute pre-treatment time, all samples were exposed 

The effect of pressure on sporicidal activity was de
termined using a hydrogen peroxide concentration of 
0.208 mg/liter and the same pre-treatment and plasma 2s 
cycle as in Example II. The activity was determined at 
pressures of 0.5, 1.0, 1.5 and 2.0 torr. The activity of air 
plasma only and hydrogen peroxide only were also 
determined. The results of these experiments are re
ported in Table III. 30 to 150 watts of power pulsed 0.5 milliseconds on to 1.0 

milliseconds off for 15 minutes. The results of this test TABLE III 
EFFECT OF PRESSURE ON SPORICIDAL ACTIVITY OF 

H2O2PLASMA 

Pressure 
(Torr) 

Plasma 
Only 

(S/SO) 

SPORICIDAL ACTIVITY 
H2O2 + Plasma 

(S/SO) 

0.5 6.0 X 10-I 9.6 X JO-I 4.1 X Jo-I 
1.0 6.7 X 10-l 1.0 1.4 X 10-2 
1.5 2.8 X 10-l 3.9 X )0-1 o• 

35 

__ 2_.0 ___ 2._4_x_1-=o_-_1_6_.6_x_10_-_1 ____ 1_.9_x_,_o_-_4 ____ 40 
•Total kill or 3.4 X !05 organisms. 

A low level of activity was obtained with either plasma 
only or H20i only at all pressures. The optimum activ
ity with the H2O2 plus plasma system was obtained at 45 
1.5 Torr pressure. 

EXAMPLEIV 

The effect of plasma power on sporicidal activity was 
determined using a hydrogen peroxide concentration of SO 
0.208 mg H2O2/liter at a pressure of 1.5 Torr. The 
powei: levels were 50, 100, 150 and 200 watts. The 
plasma was pulsed as in Example II, and the samples 
were pre-treated for 10 minutes with the procedure 
used in Example II. Air plasma only and hydrogen 55 
peroxide only tests were also run. The results are shown 
in Table IV 

TABLE IV 

are shown in Table V. 

TABLEV 

EFFECT OF RF POWER LEVEL DURING 
PRE-TREATMENT ON SPORICIDAL ACTIVITY OF 

H202 PLUS PLASMA 

Power Level 
During Pretreatment 

(Watts) 

50 
75 

too 
125 
150 

Sporicidal 
Activity 
(S/SO) 

9.4 X 10-5 
1.2 X 10-4 

1.0 
0.83 
0.94 

Significant sporicidal activity was obtained when low 
power levels, i.e., 50 and 75 watts, were applied during 
the hydrogen peroxide pre-treatment time. At higher 
power levels, which would dissociate more of the hy
drogen peroxide before it could diffuse to the sample, 
very limited sporicidal activity was observed. 

EXAMPLE VI 

The effect of pulsing the plasma power on the sporici
dal acitivty was determined using a hydrogen peroxide 
concentration of 0.208 mg H2O2/liter and a pressure of 
1.5 Torr. Samples were pre-treated with hydrogen per-

EFFECT OF RF POWER LEVEL ON 
SPORICIDAL ACTIVITY OF AIR PLASMA AND 

H2Oo PLUS PLASMA 

60 oxide for 10 minutes as in Example IL Air plasma only 

Power 
(Watts) 

0 
50 

100 
150 

SPORICIDAL ACTIVITY 

Plasma Only H202 + Plasma 
(S/SO) (S/SO) 

1.0 4.0 X 10- 1 
4.0 X 10-l 8.1 X 10-l 
6.i X 10- 1 2.5 X 10- 3 
2.4 X 10-I o• 

65 

and hydrogen peroxide only tests were also run. As in 
previous tests, the hydrogen peroxide only test gave an 
S/SO value of approximately 4.0 X 10- 1, The results .of 
the tests with 100 watts of continuous plasma for 5 
minutes, and 150 watts of plasma pulsed in a cycle of0.5 
milliseconds plasma on, and 1.0 milliseconds plasma off 
for 15 minutes are presented in Table VI. 
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EFFECT OF PLASMA PULSING ON 
SPORICIDAL ACTIVITY 

treated samples were then exposed to 150 watts of 
pulsed plasma in a cycle of 0.5 milliseconds plasma on 
and 1.0 miHiseconds plasma off for 15 minutes. The 
temperature of nylon blocks located inside and outside Plasma 

Condition 

S minute 
too watts 
Continuous 
Plasma 
15 minute 
150 watts 
1:2 pulsed 
plasma 

Plasma Only 
(S/SO) 

3.4 X 10-l 

2.4 X Jo-I 

o• 

o• 

5 the wire cage was monitored with a Luxtron Model 
1000A, FLUOROPTIC TM Thermometer. At the end 
of the plasma treatment the temperature recorded inside 
and outside the wire cage was 52.1 ° C. and 56.9° C. 
respectively. The sporicidal test results are presented in 

10 Table VIII. A control experiment with hydrogen per
oxide vapor only was also run. 

•Total kill of 2.2 X 10~ organisms 

The results of these tests illustrate that sterilization can 15 
be achieved within five minutes with a continuous 
plasma treatment. 

EXAMPLE VII 

The effect of repeat H2Oz/plasma treatments on the 20 
sporicidal activity was determined using a hydrogen 
peroxide concentration of 0.125 mg/liter and a pressure 
of 1.5 Torr. Each treatment cycle consisted of a IO 
minute pre-treatment time with H20z and a 15 minute 
exposure to 200 watts of pulsed plasma (0.5 milliseconds 25 
plasma on and 1.0 milliseconds plasma off). The effect 
of one and two treatment cycles are presented in Table 
VII. 

TABLE VIII 
A COMPARISON OF SPORICIDAL ACTIVITY WITH 

HYDROGEN PEROXIDE AND HEAT AND HYDROGEN 
PEROXIDE AND PLASMA 

Conditions 

H2O2 Vapor 
H20i + Plasma 

••Total kill of 3.0 X ll.15 spores. 

Sporicidal Activity 

Inside cage 
{S/SO) 

4.2 X 10-I 
2.4 X 10- 1 

Outside cage 
(S/SO) 

3.3 X 10-I 
o•• 

These results illustrate that significantly better sporici
dal activity was obtained outside than inside the wire 
cage with the combination of hydrogen peroxide and 
plasma. The reduced sporicidal activity inside the wire 
cage should largely be due to the absence of plasma 

TABLE VII formation since similar sporicidal activity was obtained 
____ E_FFE __ C_T_O_F_N_U_M_B_E_R_O_F_H_20_2/_P_L_A_S_M_A ____ 30 with hydrogen peroxide alone inside and outside the 

CYCLES ON SPORICIDAL ACTIVITY cage, and after plasma treatment the temperatures inside 
Sporicidal Activity and outside the wire cage were similar. 

Plasma Alone H 2o2 + Plasma We claim: · 
No. Cycles 

H2QiAlone 
(S/SO) (S/SO) (S/SO) 1. A process of plasma sterilization using hydrogen 

I 
2 

5.9 X 10-l 
8.2 X 10-l 

6.6 X 10-l 
1.8 X 10- 1 

8.8 X 10-3 
o• 

35 peroxide as a precusor of the active species in the 
plasma comprising the steps of: 

-TotaJ kin of 2.5 X 105 organisms. 

These results illustrate that sterilization can be achieved 
at low H2O2 concentrations by exposing the sample to 40 
two H2O2/plasma treatment cycles. 

The above examples demonstrate the effectiveness of 
the use of hydrogen peroxide as the precursor of the 
reactive species in a plasma sterilization process. The 
operating parameters of the process, i.e., hydrogen per- 45 
oxide concentration, pre-treatment cycle, power ap
plied and time duration of plasma generation can be 
varied within fairly wide limits to produce an adequate 
sterilization cycle. The power applied or the hydrogen 
peroxide concentration may be reduced if the duration 50 
of plasma generation is increased, and, similarly, the 
duration of the plasma generation can be decreased if 
the concentration of hydrogen peroxide or the power 

placing an item to be sterilized in a chamber, 
contacting the item with a hydrogen peroxide vapor 

for a pretreatment time period which is a sufficient 
time period to allow the hydrogen peroxide to 
come in close proximity with the item; 

generating a hydrogen peroxide plasma around the 
item, and 

maintaining the item in said -hydrogen peroxide 
plasma for a time-period sufficient to allow an ac
tive species generated from the hydrogen peroxide 
plasma to effect sterilization. 

2. The process of claim 1 in which the concentration 
of hydrogen peroxide vapor in the chamber is at least 
0.05 mg per liter of chamber volume. 

3. The process of claim 1 in which the hydrogen 
peroxide plasma is pulsed in a power-on-power-off ratio 
of 1:2. applied is increased. 

EXAMPLE VIII 
55 4. The process of claim 1 in which the concentration 

of hydrogen peroxide vapor in the chamber is between 
0.05 to 10 mg/liter of_chamber volume. Because items exposed to plasma increase in tempera

ture, an experiment was conducted to compare the 
sporicidal activity obtained with hydrogen peroxide 
and heat to that obtained with hydrogen peroxide and 60 
plasma. This test was conducted by placing samples 
inside and outside a wire cage in the plasma chamber. 
Since metals effectively shield RF radiation, the sample 
inside the wire cage was shielded from RF radiation and 
plasma formation but not from exposure to· hydrogen 65 
peroxide vapor or the heat generated by the plasma. 
The samples were treated with 0.208 mg hydrogen 
peroxide/liter at 1.5 Torr pressure for 10 minutes. The 

5. The process of claim 1 in which the concentration 
of hydrogen peroxide vapor in -the chamber is 0.208 
mg/liter of chamber volume. 

6. The process of claim 1 in which the pretreatment 
time period is between 5 and 30 minutes. 

7. The process of claim 1 in which the hydrogen 
peroxide plasma is generated over a period of from 5 to 
60minutes. 

8. The process of claim 1 in which the steps of: 
contacting the item with a hydrogen peroxide vapor 

for a pretreatment time period which is sufficient to 
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4,643,876 
11 

allow for the hydrogen peroxide to come in close 
proximity with the item, 

generating a hydrogen peroxide plasma around the 
item, and 

maintaining the item in said hydrogen peroxide for a 
time period sufficient to allow an active species 

12 
generated from the hydrogen peroxide plasma to 
effect sterilization 

are repeated. 
9. The process of claim 1 in which the hydrogen 

5 peroxide plasma is mainµ1ined until the hydrogen perox
ide is decomposed into nontoxic products. 

* * * * * 
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DETAILED ACTION 

1. The present application is being examined under the pre-AIA first to invent provisions. 

2. Claims 1, 3-7, and 22 remain pending. 

Response to Arguments 

Page 2 

3. Applicant's arguments filed 9/12/2013 regarding 1, 3-5, 7, and 22 have been fully considered but 

they are not persuasive. 

The applicant argues that Metzner teaches a pre-treatment with hydrogen peroxide and then 

does the vacuum step before the sterilization step of generating a plasma sterilant. Thus the applicant 

contends that Metzner does not teach applying vacuum as a post decontamination step. While the 

applicant correctly points out the order of events taught by Metzner, applying hydrogen peroxide, applying 

vacuum, and then generating a plasma, the examiner disagrees that Metzner does not teach claim 1. 

Hydrogen peroxide vapor is in itself a decontaminant. Thus the application of hydrogen peroxide is a 

decontamination step. This is followed by a post decontamination (occurring after a decontamination 

step) application of a vacuum. 

The applicant argues that Hasegawa does not teach that the application of a vacuum prevents 

hydrogen peroxide from diffusing into the syringe. The examiner disagrees. The applicant states that 

Hasegawa teaches that the hydrogen peroxide enters the space between the piston and the cylinder. 

While correct in that statement, this is not inside the syringe where the prefiled product is. Hasegawa 

states that the hydrogen peroxide is inside the injection pack which is the primary packaging about the 

syringe and not inside the body chamber of the syringe in which the product is held. Further applying 

vacuum removes hydrogen peroxide from the chamber and reverses the pressure gradient and 

concentration gradient such that hydrogen peroxide vapor is reversed and drawn away from the syringe. 

Thus since the gradients are reversed, hydrogen peroxide is prevented from diffusing into the syringe. 

The applicant argues that there is no evidence in Metzner that the hydrogen peroxide did not 

damage the protein and that Metzner only tested for thermal denaturation. While the applicant is correct 

that Metzner was most concerned with thermal denaturation the tests showing undamaged protein 
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indicate that the protein was not damaged or denatured regardless of whether or not it was by chemical 

or thermal means. 

4. Applicant's arguments, see part D regarding claim 6, filed 9/12/2013, with respect to the 

rejection(s) of claim(s) 6 under 35 USC 103 have been fully considered and are persuasive. Therefore, 

the rejection has been withdrawn. However, upon further consideration, a new ground(s) of rejection is 

made in view of Metzner et al. over (US Patent Application Publication Number 2003/0003014) and 

Hasegawa et al. (US Patent 6,228,324) as applied to claim 1 above, and further in view of Asahara et al. 

et al. (US Patent Application Publication 2003/0198570) and Metzner et al. over (US Patent Application 

Publication Number 2003/0003014) and Hasegawa et al. (US Patent 6,228,324) as applied to claim 1 

above as evidenced by Jacobs et al. (US Patent 4,643,876). 

Claim Rejections - 35 USC§ 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6. Claims 1, 4, 5, 7, and 22 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Metzner et al. (US Patent Application Publication Number 2003/0003014) as evidenced by Hasegawa et 

al. (US Patent 6,228,324) and in view of Hasegawa et al. (US Patent 6,228,324). 

With regards to claim 1, Metzner et al. teaches a method for surface decontamination of a 

prefilled container in secondary packaging (para [0010-0011]). Metzner et al. teaches the use of 

vaporized hydrogen peroxide in order to sterilize the surfaces of the packaging (para [0019]). Metzner et 

al. also teaches that the hydrogen peroxide is left in contact with the surfaces for a sufficient amount of 

time to achieve decontamination (para [0032-0033]) and gives an example of about 17 min in each half 

cycle in example 3 (para [0071]). Metzner et al. also teaches the use of post-decontamination measures 

of applying a vacuum (para [0034 - 0035]). The vacuum post decontamination treatment taught by 
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Metzner et al. would remove the hydrogen peroxide as evidenced by Hasegawa et al. Hasegawa et al. 

states that the application of a vacuum removes the hydrogen peroxide from inside the packaging 

(column 8, lines 63-67 and column 9, lines 32-38). 

Metzner et al. teaches this method can be done on temperature sensitive pharmaceutical 

products (para [0002]). It expands to say that such products are sensitive to sterilization with gamma 

radiation (para [0005]), autoclaving (para [0003]) (exposure to steam), and ethylene oxide (since ethylene 

oxide residue can render the drug product toxic or carcinogenic) (gas) (para [0004]). In example 3, 

Metzner et al. teaches that the protein drug product is in a carpule (para [0061]). A carpule is a container 

for medicine that is administered to the patient with a syringe. Metzner thus does not expressly state the 

use of the method on a syringe in secondary packaging. Hasegawa et al. teaches a method for sterilizing 

a syringe in secondary packaging using hydrogen peroxide vapor (abstract and figure 4). A person 

having ordinary skill in the art at the time of the invention would be capable of modifying the method 

taught by Metzner et al. to sterilize a syringe in secondary packaging as shown in Hasegawa et al. in 

order to provide a sterile drug product by using hydrogen peroxide vapor (abstract and figure 4). 

With regards to claim 4, Metzner et al. teaches determining if the sterilization method is effective 

(para [0037]). This is considered to include testing whether the treatment times are sufficient since 

treatment times are part of the method. Metzner et al. teaches that sterilization effectiveness is 

determined by comparing the reduction factor of colony forming units (CFU) and comparing this value to a 

control standard (para [0037]). The control standard taught by Metzner et al. is that sterilization is 

achieved if log10(CFU) is greater than or equal to 6 (para [0037]). 

With regards to claim 5, Metzner et al. teaches a post decontamination measure of applying a 

vacuum following treatment with vaporized hydrogen peroxide (para [0034]). While Metzner et al. does 

not specifically state the intended use of "reversing the direction of diffusion of vaporized hydrogen 

peroxide and preventing intrusion of vaporized hydrogen peroxide into the prefilled container," the method 

of using a vacuum after effective treatment is capable of achieving this. This is affirmatively shown by the 

teaching Hasegawa et al. 
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Hasegawa et al. states that the application of a vacuum (taught by Metzner et al.) removes the 

hydrogen peroxide from inside the packaging (column 8, lines 63-67 and column 9, lines 32-38). 

The prevention of hydrogen peroxide intrusion can be further confirmed when Metzner et al. 

measures the amount of proteins undamaged by the sterilization method and finds that the method 

damaged very little to none of the protein products (para [0076]). 

With regards to claim 7, teaches a post decontamination measure that includes a plasma 

treatment (para [0035]). This is considered to be a gas plasma. 

With regards to claim 22, the combination of Metzner et al. and Hasegawa et al. teaches that the 

hydrogen peroxide vapor sterilization method can be used for sterilizing prefilled syringes in secondary 

packaging where the prefilled drug product is various proteins (Metzner et al. para [0061 ]). 

7. Claim 3 rejected under 35 U.S.C. 103(a) as being unpatentable over Metzner et al. (US Patent 

Application Publication Number 2003/0003014) and Hasegawa et al. (US Patent 6,228,324) as applied to 

claim 1 above, and further in view of Shams (US Patent Application Publication 2007/0190058). 

Metzner et al. teaches the limitations of claim 1 as discussed above. Metzner et al. teaches a 

method of using hydrogen peroxide vapor for sterilizing different proteins in secondary packaging (para 

[0061]) at 30°C (para [0063]) and teaches that the treatment did not destroy the protein products (para 

[0076]). Metzner et al. does not specifically mention the use of the method for treating a medical product 

where the prefilled drug is ranibizumab, a protein. The claim recites "therapeutically effective" (implying 

non degraded protein when administered into a body for treatment). A person having ordinary skill in the 

art at the time of the invention would understand that if this method is capable of sterilizing prefilled 

protein drug products in secondary packaging without causing degradation of the proteins that the 

method is capable of treating the specific protein ranibizumab. 

Additionally the concept of using ranibizumab delivered by a syringe is also known in the prior art. 

Shams teaches the administration of ranibizumab by syringe injection (para [0128]). A person having 

ordinary skill in the art at the time of the invention would be capable of modifying the method taught by 

Metzner et al. with the addition of ranibizumab being the drug in the syringe, as taught by Shams, in order 

to administer a dose of ranibizumab as a therapuetic drug (abstract and para [0028]) in a sterile manner 
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which is desired by Shams who states that the treatment should be formulated, dosed, and administered 

in a fashion consistent with good medical practice (para [0092]) which would include using a sterile 

syringe. 

8. Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable Metzner et al. over (US Patent 

Application Publication Number 2003/0003014) and Hasegawa et al. (US Patent 6,228,324) as applied to 

claim 1 above, and as evidenced by Jacobs et al. (US Patent 4,643,876). 

Metzner et al. teaches the limitations of claim 1 as discussed above. Metzner et al. also teaches 

the use of a post decontamination measure using a vacuum (para [0034]) and a plasma treatment (para 

[0035]). The post decontamination (after a decontamination using hydrogen peroxide) applies a plasma. 

This causes an application of ultraviolet light following the duration of hydrogen peroxide vapor treatment 

and breaks down the hydrogen peroxide vapor inactivating the vapors oxidative action. Jacobs et al. 

provides and evidentiary teaching of the breakdown of hydrogen peroxide vapors upon the generation of 

plasma. Jacobs et al. teaches that forming a plasma from hydrogen peroxide vapor causes a breakdown 

of hydrogen peroxide that gives off UV light (column 5, lines 34-45). 

9. Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable Metzner et al. over (US Patent 

Application Publication Number 2003/0003014) and Hasegawa et al. (US Patent 6,228,324) as applied to 

claim 1 above, and further in view of Asahara et al. (US Patent Application Publication 2003/0198570). 

Metzner et al. teaches the limitations of claim 1 as discussed above. Metzner et al. also teaches 

the use of a post decontamination measure using a vacuum (para [0034]) and a plasma treatment (para 

[0035]). 

Metzner et al. is silent on how to generate the plasma. It is necessary and therefore obvious to 

look to the prior art for a known method of generating a plasma from hydrogen peroxide vapor. Asahara 

et al. provides a teaching that it is known to generate plasma from hydrogen peroxide vapor using 

ultraviolet light (para [0040], [0049], and [0052]). A person having ordinary skill in the art at the time of 

the invention would have found it obvious to have used ultraviolet light as taught by Asahara et al. to 

generate the plasma motivated by the expectation of practicing the invention of Metzner et al. Further it 

would have been obvious to a person having ordinary skill in the art to substitute one known means to 
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generate plasma from hydrogen peroxide for another known means of generating plasma from hydrogen 

peroxide with an expectation of successfully generating plasma from hydrogen peroxide. 

The combination teaches a post decontamination including the application of ultraviolet light 

following the duration of treatment with hydrogen peroxide vapor and thereby inactivating the oxidative 

action of the hydrogen peroxide vapors. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the examiner should 

be directed to DONALD SPAM ER whose telephone number is (571 )272-3197. The examiner can 

normally be reached on Monday through Friday, 9 to 5. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Michael Marcheschi can be reached on 571-272-1374. The fax phone number for the organization where 

this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be obtained from 

either Private PAIR or Public PAIR. Status information for unpublished applications is available through 

Private PAIR only. For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC) 

at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative 

or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/DONALD SPAMER/ 
Examiner, Art Unit 1775 

/SEAN E CONLEY/ 
Primary Examiner, Art Unit 1775 
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CASE PAT053689-US-PCT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

IN RE PCT NATIONAL STAGE APPLICATION OF Art Unit: 1775 

Sigg, Juergen Examiner: SPAMER, DONALD R 

INTERNATIONAL APPLICATION NO: PCT/EP2010/060011 

FILED: July 13, 2010 

U.S. APPLICATION NO: 13/382380 

35 USC §371 DATE: January 05, 2012 

FOR: Surface Decontamination of Prefilled Containers in Secondary 
Packaging 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Sir: 

RESPONSE TO OFFICE ACTION 

This Reply is submitted in response to the Final Office Action mailed October 23, 2013. 

Reconsideration of the present rejections and withdrawal of the present rejections are 

respectfully requested. 

Amendments to the Claims is reflected in the listing of the claims which begins on 

page 2 of this paper. 

Remarks/Arguments begin on page 6 of this paper. 
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This listing of claims will replace all prior versions, and listings, of claims in the 

application: 

Listing of Claims: 

1. (Currently amended) A method for surface decontamination of a prefilled syringe in 

secondary packaging, comprising: 

applying vaporized-hydrogen peroxide to the surface of the prefilled syringe in 

secondary packaging; 

allowing vaporized-hydrogen peroxide to remain in contact with the prefilled 

syringe surface for a sufficient time to decontaminate the prefilled syringe surface; and 

causing a post-decontamination measure to occur to reduce the presence of 

vaporized-hydrogen peroxide, thereby preventing vaporized-hydrogen peroxide from 

diffusing into the prefilled syringe, wherein the prefilled syringe contains comprises 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. 

2. (Cancelled) 

3. (Previously presented) The method of claim 1, wherein the syringe contains a 

therapeutically effective amount of ranibizumab. 

4. (Previously presented) The method of claim 1, wherein sufficient time to 

decontaminate the surface of the prefilled syringe is determined by validation of 

treatment times and compared to a control standard. 

5. (Previously presented) The method of claim 1, wherein the post-decontamination 

measure includes applying a vacuum following the duration of treatment with vaporized

hydrogen peroxide, thereby reversing the direction of diffusion of vaporized-hydrogen 

peroxide and preventing intrusion of vaporized-hydrogen peroxide into the prefilled 

syringe. 

6. (Previously presented) The method of claim 1, wherein the post-decontamination 

measure includes applying ultraviolet rays following the duration of treatment with 

vaporized-hydrogen peroxide, thereby inactivating oxidative action of hydrogen peroxide 

vapors. 

7. (Previously presented) The method of claim 1, wherein the post-decontamination 

measure includes gas plasma treatment. 

- 2 -

Regeneron Exhibit 1068.521 
Regeneron v. Novartis 

IPR2020-01317



8. (Withdrawn) A method for surface decontamination of a prefilled container in 

secondary packaging, comprising: 

presenting a prefilled container in a secondary package to an electron beam 

tunnel equipped with one or more tunable electron beam generators capable of variably 

generating low-energy beta radiation, and capable of 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 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. 

9. (Withdrawn) 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. 

10. (Withdrawn) The method of claim 8, wherein the prefilled container is a vial filled with a 

solution or solid otherwise sensitive to sterilization treatment by gamma radiation, 

sterilization treatment by exposure to steam, and sterilization treatment by exposure to 

vaporizing agents, gases or peroxide forming substances. 

11. (Withdrawn) The method of claim 8, wherein the prefilled container is a syringe filled 

with a solution otherwise sensitive to sterilization treatment by gamma radiation, 

sterilization treatment by exposure to steam, and sterilization treatment by exposure to 

vaporizing agents and gases or peroxide forming substances. 

12. (Withdrawn) The method of claim 8, wherein the prefilled container is a syringe 

containing a therapeutically effective amount of ranibizumab. 

13. (Withdrawn) The method of claim 8, wherein the penetration depth is measured by 

dosimetry. 

14. (Withdrawn) The method of claim 8, 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. 

- 3 -
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15. (Withdrawn) The method of claim 8, wherein sufficient energy to decontaminate a 

surface of a prefilled container is that which provides a dose of beta radiation yielding a 

10-5 Sterility Assurance Level of the outside of the container surface. 

16. (Withdrawn) 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 

perform the method according to claim 1. 

17. (Withdrawn) A system for surface-decontaminating a prefilled container in secondary 

packaging, the system comprising: an electron-beam tunnel equipped with one or more 

tunable-electron beam generators, the tunable-electron-beam generators, configured to 

(i) variably generate low-energy beta radiation, (ii) oscillate the electron beams such that 

a larger surface of a prefilled container is exposed to electron beams; and (iii) 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, 

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. 

18. (Withdrawn) 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 sealed 

chamber to perform the method according to claim 1. 

19. (Withdrawn) A kit for surface-decontaminating a prefilled container in secondary 

packaging, 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 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 thickness of the prefilled container shields 

the contents therein from beta radiation. 

20. (Withdrawn) A system according to claim 16, wherein post-decontamination measure 

includes gas plasma treatment. 

- 4 -
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21. (Withdrawn) A kit according to claim 18, wherein post-decontamination measure 

includes gas plasma treatment. 

22. (Previously presented) 

protein solution. 

The method of claim 1, wherein the drug product is a 

- 5 -
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Remarks 

I. Claims 

Claims 1 and 3-22 are presently pending in this patent application. Claims 8- 21 have 

been withdrawn as being drawn to non-elected subject matter and Claim 2 has been cancelled. 

Claim 1 has been amended for clarification purposes only. 

Applicants reserve the right to pursue subject matter that remains after the prosecution 

of the present application in a future continuing patent application, for example, a division. 

II. Rejections under 35 U.S.C. § 103 - Obviousness 

After careful consideration of the Applicant's arguments, the Examiner maintained his 

rejection of Claims 1, 4, 5, 7 and 22 under 35 U.S.C. § 103 for obviousness over published U.S. 

Patent Application 2003/0003014 to Metzner et al. ("Metzner") as evidenced by, and in view of, 

U.S. Patent 6,228,324 to Hasegawa ("Hasegawa"). The Examiner relies on Metzner for its 

teaching of a method for surface decontamination of a prefilled container in secondary 

packaging (citing Metzner at paragraphs [0010-0011]). The Examiner contends that Metzner 

teaches the use of vaporized hydrogen peroxide to sterilize the surfaces of the packaging (citing 

Metzner at paragraph [0019]). The Examiner also contends that Metzner teaches the use of a 

vacuum as a post-contamination treatment (citing Metzner at paragraphs [0034-0035]). In the 

Examiner's opinion, this post-contamination treatment would remove hydrogen peroxide as 

evidenced by Hasegawa, as it teaches that the application of a vacuum removes peroxide from 

inside the packaging (citing column 8, lines 63-67 and column 9, lines 32-28). 

The Examiner concedes that Metzner does not teach sterilization of a syringe in 

secondary packaging. However, the Examiner relies on Hasegawa to cure this deficiency. 

With regards to claim 4, the Examiner contends that Metzner teaches a means for 

determining whether the sterilization is effective, and that this equates to determining whether 

the treatment times are sufficient. 

Regarding Claim 5, the Examiner admits that the intended use of "reversing the direction 

of diffusion of vaporized hydrogen peroxide and preventing intrusion of vaporized peroxide into 

the pre-filled container" is not disclosed in Metzner; however it is "capable" of achieving this. As 

support, the Examiner relies on Hasegawa, and contends that the application of a vacuum 

removes the hydrogen peroxide from inside the packaging (citing column 8, lines 63-67 and 

column 9, lines 32-28) and as evidenced by Metzner paragraph [0076]. 

With regards to claim 7, the Examiner contends that the post-decontamination measure 

includes plasma treatment as shown in paragraph [0035] of Metzner. 

With regards to claim 22, the Examiner asserts that the combination of Hasegawa and 

Metzner teaches that the prefilled syringes can be filled with various proteins. 

- 6 -
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Claim 3 was rejected under 35 U.S.C. § 103 as obvious in view of a combination of 

Metzner, Hasegawa and US Pat. Pub. No. US2007/0190058 to Shams ("Shams"). The 

Examiner cited Shams to teach the administration of ranibizumab via syringe injection. 

The Examiner rejected Claim 6 under 35 U.S.C. § 103 as obvious in view of a 

combination of Metzner, Hasegawa and Jacobs et al., US Pat, No. 4,643,786 ("Jacobs"). In the 

Examiner's view Jacobs teaches that the breakdown of hydrogen peroxide vapor causes a 

breakdown of hydrogen peroxide that gives off UV light. 

The Examiner withdrew his previous rejection of claim 6, but added new grounds of 

rejection. Specifically, claim 6 was also rejected under 35 U.S.C. § 103 as obvious in view of a 

combination of Metzner, Hasegawa, and further in view of Asahara et al., US Pat. Pub. No. 

2003/0198570 ("Asahara"). According to the Examiner, Asahara teaches the use of UV light to 

generate plasma from vapor, and as a result, the combination teaches the use of UV light as a 

post-decontamination measure. 

Ill. Response/Arguments 

A. The Examiner's inherency argument is flawed 

Initially, the Applicant thanks the Examiner for withdrawing his previous rejection for 

claim 6. However, Applicant respectfully submits that the Examiner has failed to establish a 

prima facie case of obviousness. 

The Examiner has admitted that the events taught by Metzner are applying hydrogen 

peroxide vapor, applying a vacuum, and then generating plasma. The Examiner has repeatedly 

stated that Metzner teaches present claim 1 because hydrogen peroxide vapor itself is a 

decontaminant, and that the application of hydrogen peroxide vapor is a decontamination step. 

However, nowhere in Metzner is this mentioned or explicitly stated. Nor does any other 

reference explicitly state this. As such, the Examiner must be relying on the implicit, inherent 

teachings of the cited references. However, it is well settled that "to establish inherency, the 

extrinsic evidence 'must make clear that the missing descriptive matter is necessarily present in 

the thing described in the reference, and that it would be so recognized by persons of ordinary 

skill. lnherency, however, may not be established by probabilities or possibilities. The mere fact 

that a certain thing may result from a given set of circumstances is not sufficient.' MPEP §2112 

(quoting In re Robertson, 169 F.3d 743, 745, 49 USPQ2d 1949, 1950-51 (Fed. Cir. 1999)). 

Applicants submit that the Examiner has fallen far short of this burden in the present case. 

As admitted by the Examiner, the process of Metzner comprises an optional pre-plasma 

step, followed by insertion of a container into a chamber. The pressure in the chamber is then 

lowered to create a vacuum, upon which hydrogen peroxide solution is injected. The pressure is 

then re-lowered and plasma is then generated. Finally, the chamber is ventilated. See Metzner, 

claim 1 and paragraph 0038 ("the method to which the invention relates is essentially described 

in the claims.") Metzner refers to such a cycle as a "half-cycle". Metzner repeatedly and 
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consistently refers to the hydrogen plasma which is generated as the decontaminant. No 

mention is ever made of hydrogen peroxide as the decontaminant. 

Applicant concedes that hydrogen peroxide can be used as a decontaminant. Indeed, 

that is the basic premise of Applicant's invention! However, numerous variables are required to 

ensure that hydrogen peroxide vapor acts as a decontaminant. These include, inter alia, the 

time for which the hydrogen peroxide contacts the surface to be decontaminated, the pressure 

and temperature at which it is applied, and the concentration of hydrogen peroxide vapor which 

is used. Metzner is silent on several of these variables. 

At best then, Metzner teaches that hydrogen peroxide is injected into a chamber. Such a 

use could be considered a decontaminant, but without all of the required variables, one cannot 

simply state that is necessarily discloses that hydrogen peroxide is used as a decontaminant. 

This argument is bolstered by the teachings of Metzner. Metzner refers to the invention 

as a "method for hydrogen peroxide plasma sterilization (emphasis added)." Indeed, every 

reference to sterilization in Metzner refers to plasma, as opposed to vapor. Further, the method 

of determining whether the sterilization occurs is after each half step. That is, determining 

whether a particular item is sterilized is only done after application of the plasma. If the 

hydrogen peroxide vapor was to be used as the decontaminant, there would be no need to 

generate plasma and the testing could be performed after the injection step (as opposed to the 

plasma step). 

As a result, there is nothing in Metzner that teaches that the injection of hydrogen 

peroxide solution necessarily is a decontamination step. None of the other references relied 

upon by the Examiner cure this deficiency. As such, the Examiner's assertion that the 

Accordingly, the Examiner's inherency argument is improper under the MPEP. Thus, the 

rejection is improper and should be withdrawn. 

B. The Examiner's application of Hasegawa to the claims is incorrect 

The Examiner has admitted that Hasegawa teaches that hydrogen peroxide enters the 

space between the cylinder and the piston (see page 2 of the Office Action), but nevertheless 

asserts that it is not inside the syringe where the prefilled product is. Indeed, Hasegawa, at 

column 8, lines 63-67 explicitly state that the process is used to "ensure the penetration of 

hydrogen peroxide gas into delicate portions of the medicine filled injector (emphasis added). 

Claim 1 of the current application recites that vaporized-hydrogen peroxide is prevented from 

diffusing into the prefilled syringe. Hasegawa explicitly teaches that the hydrogen peroxide is 

applied to the packaging to ensure that it enters into the syringe. Claim 1 of the instant 

application merely recites that the hydrogen peroxide is prevented from entering the syringe, not 

that it is prevented from entering the syringe where the prefilled product is found. As a result, 

the Examiner has misapplied the teachings of Hasegawa to the current claims. Since the 

Examiner admits that Hasegawa teaches that hydrogen peroxide vapor enters delicate portions 
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of the syringe, and the claims recite that hydrogen peroxide is prevented from entering the 

syringe the Examiner's rejection is improper and should be withdrawn. 

IV. Conclusion 

Applicants believe that the foregoing constitutes a complete and full response to the 

Action of record and that Claims 1, 3-7 and 22 are now in condition for allowance. Applicant 

respectfully requests that the Office withdraw all grounds for rejection and issue a Notice of 

Allowance at its earliest convenience. If there are any issues that can be resolved by a 

telephone conference, the Examiner is invited to call the undersigned attorney at his 

convenience. 

Novartis Pharmaceuticals Corporation One Health 
Plaza, Bldg. 101 East Hanover, NJ 07936 
+1 8627783423 

Date: January 14, 2014 
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Respectfully submitted, 

/Jim Lynch/ 

Jim Lynch 
Agent for Applicant 
Reg. No. 54,763 
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Application/Control Number: 13/382,380 

Art Unit: 1775 

DETAILED ACTION 

1. The present application is being examined under the pre-AIA first to invent provisions. 

Response to Arguments 

Page 2 

2. Applicant's arguments filed 1/14/2014 have been fully considered but they are not persuasive. 

The applicant argues that it is incorrect to consider the application of hydrogen peroxide vapor 

taught by Metzner as a decontamination step since Metzner refers to the generation of hydrogen peroxide 

plasma from the vapor as the decontamination step. The examiner disagrees. In order to decontaminate 

an object some microorganism, bacteria, virus, etc. must be destroyed or killed. It does not require all or 

a majority by killed. The introduction of hydrogen peroxide vapor as taught by Metzner would result in at 

least some destruction of microorganisms present on the syringe. Whether or not Metzner calls it the 

decontamination step or continues with another decontamination step (generating plasma out of the 

vapor) does not negate that at least some microorganisms would be destroyed thus constituting 

decontamination. Further the claim language does not exclude the addition of more steps. 

The applicant argues that Hasegawa is not appropriately applied since Hasegawa teaches 

hydrogen peroxide entering the space between the cylinder and the piston and thus does not constitute 

preventing hydrogen peroxide from diffusing into the syringe. The examiner disagrees. The space 

between the piston and cylinder is an exterior of the syringe and not an interior of the syringe. Thus 

hydrogen peroxide entering the space does not constitute "diffusing into the syringe" but constitutes 

hydrogen peroxide entering a space that is exterior (ie not in) the syringe. Further, under the assumption 

that hydrogen peroxide entering the space between the piston and cylinder does constitute a diffusion 

into the syringe, the claim language does not require a certain amount of hydrogen peroxide or all of the 

hydrogen peroxide must be prevented from diffusing into the syringe. The application of a vacuum as 

explained in the previous office action would prevent at least some hydrogen peroxide from diffusing into 

the space between the piston and cylinder (ie the hydrogen peroxide in the surrounding atmosphere and 

packaging). 

For at least the reasons above the previously presented rejection is maintained. 
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Application/Control Number: 13/382,380 

Art Unit: 1775 

Claim Rejections - 35 USC§ 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

Page 3 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

4. Claims 1, 4, 5, 7, and 22 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Metzner et al. (US Patent Application Publication Number 2003/0003014) as evidenced by Hasegawa et 

al. (US Patent 6,228,324) and in view of Hasegawa et al. (US Patent 6,228,324). 

With regards to claim 1, Metzner et al. teaches a method for surface decontamination of a 

prefilled container in secondary packaging (para [0010-0011]). Metzner et al. teaches the use of 

vaporized hydrogen peroxide in order to sterilize the surfaces of the packaging (para [0019]). Metzner et 

al. also teaches that the hydrogen peroxide is left in contact with the surfaces for a sufficient amount of 

time to achieve decontamination (para [0032-0033]) and gives an example of about 17 min in each half 

cycle in example 3 (para [0071 ]). Metzner et al. also teaches the use of post-decontamination measures 

of applying a vacuum (para [0034 - 0035]). The vacuum post decontamination treatment taught by 

Metzner et al. would remove the hydrogen peroxide as evidenced by Hasegawa et al. Hasegawa et al. 

states that the application of a vacuum removes the hydrogen peroxide from inside the packaging 

(column 8, lines 63-67 and column 9, lines 32-38). 

Metzner et al. teaches this method can be done on temperature sensitive pharmaceutical 

products (para [0002]). It expands to say that such products are sensitive to sterilization with gamma 

radiation (para [0005]), autoclaving (para [0003]) (exposure to steam), and ethylene oxide (since ethylene 

oxide residue can render the drug product toxic or carcinogenic) (gas) (para [0004]). In example 3, 

Metzner et al. teaches that the protein drug product is in a carpule (para [0061]). A carpule is a container 

for medicine that is administered to the patient with a syringe. Metzner thus does not expressly state the 

use of the method on a syringe in secondary packaging. Hasegawa et al. teaches a method for sterilizing 
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a syringe in secondary packaging using hydrogen peroxide vapor (abstract and figure 4). A person 

having ordinary skill in the art at the time of the invention would be capable of modifying the method 

taught by Metzner et al. to sterilize a syringe in secondary packaging as shown in Hasegawa et al. in 

order to provide a sterile drug product by using hydrogen peroxide vapor (abstract and figure 4). 

With regards to claim 4, Metzner et al. teaches determining if the sterilization method is effective 

(para [0037]). This is considered to include testing whether the treatment times are sufficient since 

treatment times are part of the method. Metzner et al. teaches that sterilization effectiveness is 

determined by comparing the reduction factor of colony forming units (CFU) and comparing this value to a 

control standard (para [0037]). The control standard taught by Metzner et al. is that sterilization is 

achieved if log10(CFU) is greater than or equal to 6 (para [0037]). 

With regards to claim 5, Metzner et al. teaches a post decontamination measure of applying a 

vacuum following treatment with vaporized hydrogen peroxide (para [0034]). While Metzner et al. does 

not specifically state the intended use of "reversing the direction of diffusion of vaporized hydrogen 

peroxide and preventing intrusion of vaporized hydrogen peroxide into the prefilled container," the method 

of using a vacuum after effective treatment is capable of achieving this. This is affirmatively shown by the 

teaching Hasegawa et al. 

Hasegawa et al. states that the application of a vacuum (taught by Metzner et al.) removes the 

hydrogen peroxide from inside the packaging (column 8, lines 63-67 and column 9, lines 32-38). 

The prevention of hydrogen peroxide intrusion can be further confirmed when Metzner et al. 

measures the amount of proteins undamaged by the sterilization method and finds that the method 

damaged very little to none of the protein products (para [0076]). 

With regards to claim 7, teaches a post decontamination measure that includes a plasma 

treatment (para [0035]). This is considered to be a gas plasma. 

With regards to claim 22, the combination of Metzner et al. and Hasegawa et al. teaches that the 

hydrogen peroxide vapor sterilization method can be used for sterilizing prefilled syringes in secondary 

packaging where the prefilled drug product is various proteins (Metzner et al. para [0061]). 
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5. Claim 3 rejected under 35 U.S.C. 103(a) as being unpatentable over Metzner et al. (US Patent 

Application Publication Number 2003/0003014) and Hasegawa et al. (US Patent 6,228,324) as applied to 

claim 1 above, and further in view of Shams (US Patent Application Publication 2007/0190058). 

Metzner et al. teaches the limitations of claim 1 as discussed above. Metzner et al. teaches a 

method of using hydrogen peroxide vapor for sterilizing different proteins in secondary packaging (para 

[0061]) at 30°C (para [0063]) and teaches that the treatment did not destroy the protein products (para 

[0076]). Metzner et al. does not specifically mention the use of the method for treating a medical product 

where the prefilled drug is ranibizumab, a protein. The claim recites "therapeutically effective" (implying 

non degraded protein when administered into a body for treatment). A person having ordinary skill in the 

art at the time of the invention would understand that if this method is capable of sterilizing prefilled 

protein drug products in secondary packaging without causing degradation of the proteins that the 

method is capable of treating the specific protein ranibizumab. 

Additionally the concept of using ranibizumab delivered by a syringe is also known in the prior art. 

Shams teaches the administration of ranibizumab by syringe injection (para [0128]). A person having 

ordinary skill in the art at the time of the invention would be capable of modifying the method taught by 

Metzner et al. with the addition of ranibizumab being the drug in the syringe, as taught by Shams, in order 

to administer a dose of ranibizumab as a therapuetic drug (abstract and para [0028]) in a sterile manner 

which is desired by Shams who states that the treatment should be formulated, dosed, and administered 

in a fashion consistent with good medical practice (para [0092]) which would include using a sterile 

syringe. 

6. Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable Metzner et al. over (US Patent 

Application Publication Number 2003/0003014) and Hasegawa et al. (US Patent 6,228,324) as applied to 

claim 1 above, and as evidenced by Jacobs et al. (US Patent 4,643,876). 

Metzner et al. teaches the limitations of claim 1 as discussed above. Metzner et al. also teaches 

the use of a post decontamination measure using a vacuum (para [0034]) and a plasma treatment (para 

[0035]). The post decontamination (after a decontamination using hydrogen peroxide) applies a plasma. 

This causes an application of ultraviolet light following the duration of hydrogen peroxide vapor treatment 
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and breaks down the hydrogen peroxide vapor inactivating the vapors oxidative action. Jacobs et al. 

provides and evidentiary teaching of the breakdown of hydrogen peroxide vapors upon the generation of 

plasma. Jacobs et al. teaches that forming a plasma from hydrogen peroxide vapor causes a breakdown 

of hydrogen peroxide that gives off UV light (column 5, lines 34-45). 

7. Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable Metzner et al. over (US Patent 

Application Publication Number 2003/0003014) and Hasegawa et al. (US Patent 6,228,324) as applied to 

claim 1 above, and further in view of Asahara et al. (US Patent Application Publication 2003/01985 70). 

Metzner et al. teaches the limitations of claim 1 as discussed above. Metzner et al. also teaches 

the use of a post decontamination measure using a vacuum (para [0034]) and a plasma treatment (para 

[0035]). 

Metzner et al. is silent on how to generate the plasma. It is necessary and therefore obvious to 

look to the prior art for a known method of generating a plasma from hydrogen peroxide vapor. Asahara 

et al. provides a teaching that it is known to generate plasma from hydrogen peroxide vapor using 

ultraviolet light (para [0040], [0049], and [0052]). A person having ordinary skill in the art at the time of 

the invention would have found it obvious to have used ultraviolet light as taught by Asahara et al. to 

generate the plasma motivated by the expectation of practicing the invention of Metzner et al. Further it 

would have been obvious to a person having ordinary skill in the art to substitute one known means to 

generate plasma from hydrogen peroxide for another known means of generating plasma from hydrogen 

peroxide with an expectation of successfully generating plasma from hydrogen peroxide. 

The combination teaches a post decontamination including the application of ultraviolet light 

following the duration of treatment with hydrogen peroxide vapor and thereby inactivating the oxidative 

action of the hydrogen peroxide vapors. 

Conclusion 

8. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time policy as set forth 

in 37 CFR 1.136(a). 
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A shortened statutory period for reply to this final action is set to expire THREE MONTHS from 

the mailing date of this action. In the event a first reply is filed within TWO MONTHS of the mailing date 

of this final action and the advisory action is not mailed until after the end of the THREE-MONTH 

shortened statutory period, then the shortened statutory period will expire on the date the advisory action 

is mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later than SIX 

MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the examiner should 

be directed to DONALD SPAM ER whose telephone number is (571 )272-3197. The examiner can 

normally be reached on Monday through Friday, 9 to 5. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Michael Marcheschi can be reached on 571-272-1374. The fax phone number for the organization where 

this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be obtained from 

either Private PAIR or Public PAIR. Status information for unpublished applications is available through 

Private PAIR only. For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC) 

at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative 

or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/DONALD SPAMER/ 
Examiner, Art Unit 1775 

/SEAN E CONLEY/ 
Primary Examiner, Art Unit 1775 
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Applicant-Initiated Interview Summary 

Application No. 

13/382,380 

Examiner 

DONALD SPAMER 

All participants (applicant, applicant's representative, PTO personnel): 

(1) DONALD SPAM ER. 

(2) __ . 

Date of Interview: 04 March 2014. 

Type: IZI Telephonic D Video Conference 
D Personal [copy given to: D applicant 

Exhibit shown or demonstration conducted: D Yes 
If Yes, brief description: __ . 

(3)Jim Lynch. 

(4) __ . 

D applicant's representative] 

IZI No. 

Issues Discussed D101 D112 D102 IZl103 □Others 
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: 1-

Applicant(s) 

SIGG, JUERGEN 

Art Unit 

1775 

ldentification of prior art discussed: Metzner (US 2003/0003014) and Hasegawa et al. (US 6,228.324). 

Substance of Interview 
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

Discussed how the specification provided a definition for sterility and stated that the terms "sterilization". 
"decontamination". ''sanitization". and "antimicrobial treatment" are used interchangeably by the specification. 

The examiner agreed that adding a clause to the claims specifying the level of decontamination/sterility achieved by 
the hydrogen peroxide vapor would further prosecution. 

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP 
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or 
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the 
interview 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of 
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

D Attachment 

/DONALD SPAMER/ 
Examiner, Art Unit 1775 

U.S. Patent and Trademark Office 

PTOL-413 (Rev. 8/11/2010) Interview Summary PaperNo.20140304 
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Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews 
Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1 .135. (35 U .S.C. 132) 

37 CFR §1.2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to 
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself 
incomplete through the failure to record the substance of interviews. 

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless 
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address 
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other 
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication. 

The Form provides for recordation of the following information: 
-Application Number (Series Code and Serial Number) 
- Name of applicant 
- Name of examiner 
- Date of interview 
- Type of interview (telephonic, video-conference, or personal) 
- Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
-An indication whether or not an exhibit was shown or a demonstration conducted 
-An identification of the specific prior art discussed 
- An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary. 

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview 
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted, 
2) an identification of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 

Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general indication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by 

the examiner. 
Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 

accurate, the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials. 
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Doc Code: A.NE.AFCP 
Document Description: After Final Consideration Pilot Program Request 

CERTIFICATION AND REQUEST FOR CONSIDERATION UNDER THE 
AFTER FINAL CONSIDERATION PILOT PROGRAM 2.0 

PTO/SB/434 (05-13) 

Practitioner Docket No.: Application No.: Filing Date: 

PAT053689-US-PCT 13/382,380 January 5, 2012 
First Named Inventor: Title: 

Juergen Sigg Surface Decontamination of Prefilled Containers in Secondary Packaging 

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS CONSIDERATION UNDER THE AFTER FINAL CONSIDERATION PILOT 
PROGRAM 2.0 (AFCP 2.0) OF THE ACCOMPANYING RESPONSE UNDER 37 CFR 1.116. 

1. The above-identified application is (i) an original utility, plant, or design nonprovisional application filed under 
35 U.S.C. 111(a) [a continuing application (e.g., a continuation or divisional application) is filed under 35 U.S.C. 111(a) and is 
eligible under (i)], or (ii) an international application that has entered the national stage in compliance with 35 U.S.C. 371(c). 

2. The above-identified application contains an outstanding final rejection. 

3. Submitted herewith is a response under 37 CFR 1.116 to the outstanding final rejection. The response includes an 
amendment to at least one independent claim, and the amendment does not broaden the scope of the independent claim in 
any aspect. 

4. This certification and request for consideration under AFCP 2.0 is the only AFCP 2.0 certification and request filed in 
response to the outstanding final rejection. 

5. 

6. 

7. 

8. 

• 
• 

Signature 

Applicant is willing and available to participate in any interview requested by the examiner concerning the present response. 

This certification and request is being filed electronically using the Office's electronic filing system (EFS-Web). 

Any fees that would be necessary consistent with current practice concerning responses after final rejection under 37 CFR 
1.116, e.g., extension of time fees, are being concurrently filed herewith. [There is no additional fee required to request 
consideration under AFCP 2.0.] 

By filing this certification and request, applicant acknowledges the following: 

Reissue applications and reexamination proceedings are not eligible to participate in AFCP 2.0 . 

The examiner will verify that the AFCP 2.0 submission is compliant, i.e., that the requirements of the program have been met 
(see items 1 to 7 above). For compliant submissions: 

o The examiner will review the response under 37 CFR 1.116 to determine if additional search and/or consideration 
(i) is necessitated by the amendment and (ii) could be completed within the time allotted under AFCP 2.0. If 
additional search and/or consideration is required but cannot be completed within the allotted time, the examiner 
will process the submission consistent with current practice concerning responses after final rejection under 
37 CFR 1.116, e.g., by mailing an advisory action. 

o If the examiner determines that the amendment does not necessitate additional search and/or consideration, or if 
the examiner determines that additional search and/or consideration is required and could be completed within 
the allotted time, then the examiner will consider whether the amendment places the application in condition for 
allowance (after completing the additional search and/or consideration, if required). If the examiner determines 
that the amendment does not place the application in condition for allowance, then the examiner will contact the 
applicant and request an interview. 

• The interview will be conducted by the examiner, and if the examiner does not have negotiation 
authority, a primary examiner and/or supervisory patent examiner will also participate. 

■ If the applicant declines the interview, or if the interview cannot be scheduled within ten (10) calendar 
days from the date that the examiner first contacts the applicant, then the examiner will proceed 

consistent with current practice concerning responses after final rejection under 37 CFR 1.116. 

Date 

/Jim Lynch/ March 13, 2014 
Name 
(Print/Typed) J, 

1m Lynch 

Practitioner 
Registration No. 

54,763 
Note: This form must be signed in occordonce with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements ond certifications. Submit multiple 
forms if more thon one signature is required, see below*. 

Fl • Total of 1 forms are submitted. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the 
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which 
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination 
of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of 
records may be disclosed to the Department of Justice to determine whether disclosure of these 
records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting 
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in 
the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress 
submitting a request involving an individual, to whom the record pertains, when the individual has 
requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency 
having need for the information in order to perform a contract. Recipients of information shall be 
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 
552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this 
system of records may be disclosed, as a routine use, to the International Bureau of the World 
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for 
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act 
(42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that 
agency's responsibility to recommend improvements in records management practices and programs, 
under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the 
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or 
Commerce) directive. Such disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 
U .S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine 
use, to the public if the record was filed in an application which became abandoned or in which the 
proceedings were terminated and which application is referenced by either a published application, an 
application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local 
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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CASE PAT053689-US-PCT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

IN RE PCT NATIONAL STAGE APPLICATION OF Art Unit: 1775 

Sigg, Juergen Examiner: SPAMER, DONALD R 

INTERNATIONAL APPLICATION NO: PCT/EP2010/060011 

FILED: July 13, 2010 

U.S. APPLICATION NO: 13/382,380 

35 USC §371 DATE: January 05, 2012 

FOR: Surface Decontamination of Prefilled Containers in Secondary 
Packaging 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

REQUEST FOR CONSIDERATION UNDER AFCP 2.0 AND AMENDMENT 

Sir: 

This Request for consideration under AFCP 2.0 is being submitted in response to the 

Final Office Action ("Office Action") in the above application that was mailed to Applicant's 

attorney on February 7, 2014. Submitted herewith is a request for consideration form 

(PTO/SB/434) and a response under 37 CFR § 1.116 containing an amendment to at least one 

independent claim that does not broaden its scope. 

Amendments to the Claims is reflected in the listing of the claims which begins on 

page 2 of this paper. 

Remarks/Arguments begin on page 6 of this paper. 
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This listing of claims will replace all prior versions, and listings, of claims in the 

application: 

Listing of Claims: 

1. (Currently amended) A method for surface decontamination of a prefilled syringe in 

secondary packaging, comprising: 

applying vaporized-hydrogen peroxide to the surface of the prefilled syringe in 

secondary packaging; 

allowing vaporized-hydrogen peroxide to remain in contact with the prefilled 

syringe surface for a sufficient time to decontaminate the prefilled syringe surface to a 

sterility assurance level of at least 1 o-6
; and 

causing a post-decontamination measure to occur to reduce the presence of 

vaporized-hydrogen peroxide, thereby preventing vaporized-hydrogen peroxide from 

diffusing into the prefilled syringe, wherein the prefilled syringe comprises 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. 

2. (Canceled) 

3. (Previously presented) The method of claim 1, wherein the syringe contains a 

therapeutically effective amount of ranibizumab. 

4. (Previously presented) The method of claim 1, wherein sufficient time to 

decontaminate the surface of the prefilled syringe is determined by validation of 

treatment times and compared to a control standard. 

5. (Previously presented) The method of claim 1, wherein the post-decontamination 

measure includes applying a vacuum following the duration of treatment with vaporized

hydrogen peroxide, thereby reversing the direction of diffusion of vaporized-hydrogen 

peroxide and preventing intrusion of vaporized-hydrogen peroxide into the prefilled 

syringe. 

6. (Previously presented) The method of claim 1, wherein the post-decontamination 

measure includes applying ultraviolet rays following the duration of treatment with 

vaporized-hydrogen peroxide, thereby inactivating oxidative action of hydrogen peroxide 

vapors. 

- 2 -
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7. (Previously presented) The method of claim 1, wherein the post-decontamination 

measure includes gas plasma treatment. 

8. (Withdrawn) A method for surface decontamination of a prefilled container in 

secondary packaging, comprising: 

presenting a prefilled container in a secondary package to an electron beam 

tunnel equipped with one or more tunable electron beam generators capable of variably 

generating low-energy beta radiation, and capable of 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 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. 

9. (Withdrawn) 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. 

10. (Withdrawn) The method of claim 8, wherein the prefilled container is a vial filled with a 

solution or solid otherwise sensitive to sterilization treatment by gamma radiation, 

sterilization treatment by exposure to steam, and sterilization treatment by exposure to 

vaporizing agents, gases or peroxide forming substances. 

11. (Withdrawn) The method of claim 8, wherein the prefilled container is a syringe filled 

with a solution otherwise sensitive to sterilization treatment by gamma radiation, 

sterilization treatment by exposure to steam, and sterilization treatment by exposure to 

vaporizing agents and gases or peroxide forming substances. 

12. (Withdrawn) The method of claim 8, wherein the prefilled container is a syringe 

containing a therapeutically effective amount of ranibizumab. 

13. (Withdrawn) The method of claim 8, wherein the penetration depth is measured by 

dosimetry. 

- 3 -
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14. (Withdrawn) The method of claim 8, 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. 

15. (Withdrawn) The method of claim 8, wherein sufficient energy to decontaminate a 

surface of a prefilled container is that which provides a dose of beta radiation yielding a 

10-5 Sterility Assurance Level of the outside of the container surface. 

16. (Withdrawn) 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 

perform the method according to claim 1. 

17. (Withdrawn) A system for surface-decontaminating a prefilled container in secondary 

packaging, the system comprising: an electron-beam tunnel equipped with one or more 

tunable-electron beam generators, the tunable-electron-beam generators, configured to 

(i) variably generate low-energy beta radiation, (ii) oscillate the electron beams such that 

a larger surface of a prefilled container is exposed to electron beams; and (iii) 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, 

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. 

18. (Withdrawn) 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 sealed 

chamber to perform the method according to claim 1. 

19. (Withdrawn) A kit for surface-decontaminating a prefilled container in secondary 

packaging, 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 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 thickness of the prefilled container shields 

the contents therein from beta radiation. 
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20. (Withdrawn) A system according to claim 16, wherein post-decontamination measure 

includes gas plasma treatment. 

21. (Withdrawn) A kit according to claim 18, wherein post-decontamination measure 

includes gas plasma treatment. 

22. (Previously presented) 

protein solution. 

The method of claim 1, wherein the drug product is a 

- 5 -
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Remarks 

I. Claims 

Claims 1, 3-7 and 22 are presently pending in this patent application. Independent claim 

1 has been amended to recite the level of decontamination. 

II. Rejections under 35 U.S.C. § 103 - Obviousness 

Initially, the Examiner found that the Applicant's arguments were unpersuasive. 

Specifically, the Examiner alleges that the initial application of hydrogen peroxide vapor in 

Metzner is a decontamination step because introduction of such a vapor would "result in at least 

some destruction of microorganisms." 

After careful consideration of the Applicant's other arguments, the Examiner maintained 

his rejection of Claims 1, 3-7 and 22 under 35 U.S.C. § 103 for obviousness over published 

U.S. Patent Application 2003/0003014 to Metzner et al. ("Metzner") as evidenced by, and in 

view of, U.S. Patent 6,228,324 to Hasegawa ("Hasegawa"). The Examiner relies on Metzner for 

its teaching of a method for surface decontamination of a prefilled container in secondary 

packaging (citing Metzner at paragraphs [0010-0011]). The Examiner contends that Metzner 

teaches the use of vaporized hydrogen peroxide to sterilize the surfaces of the packaging (citing 

Metzner at paragraph [0019]). The Examiner also contends that Metzner teaches the use of a 

vacuum as a post-contamination treatment (citing Metzner at paragraphs [0034-0035]). In the 

Examiner's opinion, this post-contamination treatments would remove hydrogen peroxide as 

evidenced by Hasegawa, as it teaches that the application of a vacuum removes peroxide from 

inside the packaging (citing column 8, lines 63-67 and column 9, lines 32-28). 

The Examiner concedes that Metzner does not teach sterilization of a syringe in 

secondary packaging. However, the Examiner relies on Hasegawa to cure this deficiency. 

With regards to claim 4, the Examiner contends that Metzner teaches a means for 

determining whether the sterilization is effective, and that this equates to determining whether 

the treatment times are sufficient. 

Regarding Claim 5, the Examiner admits that the intended use of "reversing the direction 

of diffusion of vaporized hydrogen peroxide and preventing intrusion of vaporized peroxide into 

the pre-filled container" is not disclosed in Metzner; however it is "capable" of achieving this. As 

support, the Examiner relies on Hasegawa, and contends that the application of a vacuum 

removes the hydrogen peroxide from inside the packaging (citing column 8, lines 63-67 and 

column 9, lines 32-28) and as evidenced by Metzner paragraph [0076]. 

With regards to claim 7, the Examiner contends that the post-decontamination measure 

includes plasma treatment as shown in paragraph [0035] of Metzner. 

With regards to claim 22, the Examiner asserts that the combination of Hasegawa and 

Metzner teaches that the prefilled syringes can be filled with various proteins. 
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Claim 3 was rejected under 35 U.S.C. § 103 as obvious in view of a combination of 

Metzner, Hasegawa and US Pat. Pub. No. US2007/0190058 to Shams ("Shams"). The 

Examiner cited Shams to teach the administration of ranibizumab via syringe injection. 

The Examiner rejected Claim 6 under 35 U.S.C. § 103 as obvious in view of a 

combination of Metzner, Hasegawa and Jacobs et al., US Pat, No. 4,643,786 ("Jacobs"). In the 

Examiner's view Jacobs teaches that the breakdown of hydrogen peroxide vapor causes a 

breakdown of hydrogen peroxide that gives off UV light. 

Claim 6 was also rejected under 35 U.S.C. § 103 as obvious in view of a combination of 

Metzner, Hasegawa, and further in veiew of Asahara et al., US Pat. Pub. No. 2003/0198570 

("Asahara"). According to the Examiner, Asahara teaches the use of UV light to generate 

plasma from vapor, and as a result, the combination teaches the use of UV light as a post

decontamination measure. 

Ill. Response/Arguments 

The term "decontamination" has been misconstrued by the Examiner 

At the heart of the rejection of the claims is the construction of the term "decontaminate". 

In the Examiner's view, as long as some microorganisms are destroyed from the surface of a 

syringe, the surface is decontaminated. Applicant's do not dispute this general definition of the 

term "decontaminate". However, the specification of the present application is very clear as to 

the meaning of the term "decontaminate". According to paragraph 0036, the terms "sterilization" 

and "decontamination" are used interchangeably. Paragraph 0037 defines "sterility" to refer to 

the complete absence of microbial like as defined by a probability of non-sterility as measured 

by the sterility assurance level (SAL). The SAL for health care products, such as a pre-filled 

syringe, is defined to be at least 10-5
_ 

While it is black letter law that a patentee can be his own lexicographer, see In re 

Paulsen, 30 F.3d 1475, 1480, 31 USPQ2d 1671, 1674 (Fed. Cir. 1994), in order to expedite 

prosecution and to clarify the claims Applicant has amended claim 1 to recite that the 

decontamination step results in a SAL of at least 1 o-6
. In light of this clarification, the Applicant 

respectfully submits that the Examiner has failed to establish a prima facie case of obviousness. 

With regards to Claim 1, the Examiner alleges, inter alia, that Metzner teaches that the use of 

vaporized hydrogen peroxide to decontaminate the surfaces of packaging as taught in 

paragraph [0019]. 

However, as stated in previous responses, Metzner is directed to a method of using 

hydrogen peroxide plasma at low temperatures for the sterilization of various products. 

Paragraph [0019] merely teaches that multiple injections of hydrogen peroxide can be used to 

create more plasma, which is then utilized to disinfect the product of interest. It does not teach 

or suggest that vaporized hydrogen peroxide decontaminates surfaces to the degree recited in 

the instantly present claims. Instead, as repeatedly stated in Metzner, it is the plasma, as 
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opposed to the vapor, which is responsible for the sterilization (i.e., the decontamination). This 

is in marked contrast to the present claims, which recite the use of vaporized hydrogen peroxide 

as the sterilizing agent. 

Nor do any of the other references relied upon by the Examiner cure this deficiency. 

While some references disclose the use of hydrogen peroxide, as stated in previous replies, 

they operate under different temperatures, pressures and the like and are not suitably 

combined. As a result, no combination of references teaches the present invention. As such, 

the rejection under 35 USC §103 is improper and accordingly Applicant respectfully requests 

that the rejections be withdrawn. 

IV. Conclusion 

Applicants believe that the foregoing constitutes a complete and full response to the 

Action of record and that Claims 1, 3-7 and 22 are now in condition for allowance. Applicant 

respectfully requests that the Office withdraw all grounds for rejection and issue a Notice of 

Allowance at its earliest convenience. If there are any issues that can be resolved by a 

telephone conference, the Examiner is invited to call the undersigned attorney at his 

convenience. 

Novartis Pharmaceuticals Corporation One Health 
Plaza, Bldg. 101 East Hanover, NJ 07936 
+1 8627783423 

Date: March 13, 2014 
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Respectfully submitted, 

/Jim Lynch/ 

Jim Lynch 
Agent for Applicant 
Reg. No. 54,763 
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Application/Control Number: 13/382,380 

Art Unit: 1775 

DETAILED ACTION 

1. The present application is being examined under the pre-AIA first to invent provisions. 

Page 2 

2. Arguments and Amendments filed 3/13/2014 have been entered and considered. Claims 1 and 

3-22 remain pending with claims 8-21 withdrawn. Claims 1, 3-7, and 22 are presented for examination. 

Response to Arguments 

3. Applicant's arguments, see part Ill, filed 3/13/2014, with respect to the rejection(s) of claim(s) 1, 

3-7, and 22 under 35 U.S.C.103 have been fully considered and are persuasive. The applicant correctly 

points out that decontamination is defined by the specification to be the same as sterilization. The 

specification continues to define sterility as the complete absence of microbial life as defined by a sterility 

assurance level of 1 o-6
. The application of vapor hydrogen peroxide taught by Metzner et al., relied upon 

as the decontamination step, occurs so that Metzner et al. can generate a plasma from the hydrogen 

peroxide vapor (consequently destroying the hydrogen peroxide vapor). The plasma is used as the 

sterilization step by Metzner et al. Thus it is clear in Metzner et al. that the hydrogen peroxide vapor is 

not in contact with the prefilled syringe long enough to cause a sterility assurance level of 1 o-6 (a common 

standard for sterility) since Metzner et al. follows the application of hydrogen peroxide vapor with the 

plasma sterilization step. Therefore, the rejection has been withdrawn. However, upon further 

consideration, a new ground(s) of rejection is presented below. 

4. The finality of the rejection mailed 2/7/2014 is withdrawn. Claim amendments filed 3/13/2014 

have been entered. 

Claim Rejections - 35 USC § 112 

5. The following is a quotation of 35 U.S.C. 112(b): 
(b) CONCLUSION.-The specification shall conclude with one or more claims particularly 
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor 
regards as the invention. 

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph: 
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The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Page 3 

6. Claims 1, 3-7, and 22 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second 

paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject matter 

which the inventor or a joint inventor, or for pre-AIA the applicant regards as the invention. 

Claim 1 recites the limitation "the surface" in 3. There is insufficient antecedent basis for this 

limitation in the claim. Claims 3-7 and 22 depend from claim 1 and are thus rejected for the same reason. 

Claim Rejections - 35 USC§ 103 

7. The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 102 of this title, if the differences between the subject matter sought to 
be patented and the prior art are such that the subject matter as a whole would have been 
obvious at the time the invention was made to a person having ordinary skill in the art to which 
said subject matter pertains. Patentability shall not be negatived by the manner in which the 
invention was made. 

8. Claims 1, 4, 5, and 22 are are rejected under pre-A IA 35 U .S.C. 103(a) as being unpatentable 

over Hasegawa et al. (US Patent 6,228,324) and further in view of Metzner et al. (US Patent Application 

Publication 2003/0003014) and Schneider et al. (US Patent 5,037,623). 

With regards to claim 1, Hasegawa et al. teaches a method of sterilizing a prefilled syringe 

(medicine filled injector 4) in secondary packaging (packaging container 1) (fig 4 and column 2, lines 20-

28). Hasegawa et al. teaches applying vaporized hydrogen peroxide to the surface of the prefilled 

syringe in secondary packaging and allowing the hydrogen peroxide vapor to remain in contact with the 

prefilled syringe surface for a sufficient time to sterilize the syringe surface (abstract, column 8, lines 38-

47, and column 12, lines 13-19). Hasegawa et al. teaches a post decontamination measure (vacuum and 

degassing treatment) to occur to reduce the presence of vaporized hydrogen peroxide thereby preventing 
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vaporized hydrogen peroxide from diffusing into the prefilled syringe (column 8, line 63 through column 

10, line 39). 

Hasegawa et al. does not teach a specific degree of sterilization such as the claimed sterility 

assurance level of at least 1 o-6
. Schneider et al. teaches that sterilization connotes the absence of all life 

forms including endospores and that a sterility assurance level of a one in one million chance of having a 

contaminated item after the sterilization (SAL of 1 o-6
) is the minimum acceptable level for medical devices 

(column 1, line 55 through column 2, line 14). A person having ordinary skill in the art at the time of the 

invention would have found it obvious to have achieved a sterility assurance level of at least 1 o-6 in order 

to have a properly and effectively sterilized medical device (prefilled syringe). 

Hasegawa et al. does not teach that the medicine in the syringe is a drug that is otherwise 

sensitive to sterilization treatments using gamma radiation, steam, and other vapors and gases. Metzner 

et al. teaches a sterilization method for a prefilled container in secondary packaging that includes a step 

of exposing the prefilled container in secondary packaging to hydrogen peroxide vapors (para [001 0], 

[0011], [0032], [0033]). Metzner et al. teaches that the container can be prefilled with temperature 

sensitive pharmaceuticals (para [0002]) which are sensitive to sterilization with gamma radiation (para 

[0005]), autoclaving (para [0003]) (exposure to steam), and ethylene oxide (since ethylene oxide residue 

can render the drug product toxic or carcinogenic) (gas) (para [0004]) and gives the example of a protein 

drug product (para [0061 ]). A person having ordinary skill in the art at the time of the invention would 

have found it obvious to have used the sterilization method on a syringe that is prefilled with a drug 

product that is sensitive to sterilization treatments using gamma radiation, steam, and ethylene oxide 

such as a protein drug product motivated by the expectation that the method taught by Hasegawa et al. 

would be safe for use with a protein drug product as taught by Metzner et al. (Metzner et al. exposes a 

prefilled container of protein drug product in secondary packaging to hydrogen peroxide vapor). 

With regards to claim 4, Hasegawa et al. is silent as to how sufficient time to decontaminate the 

surface is determined. It is therefore necessary and thus obvious to look to the prior art for a known way 

of determining sterilization treatment times. Schneider et al. teaches establishing the time to achieve 

sterility by exposing a given quantity of endospores known to be resistant to the sterilant, obtaining a D 
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value, and then using the D value to find the exposure time necessary to achieve a SAL of 1 o-6 (column 1, 

line 55 through column 2, line 14). A person having ordinary skill in the art at the time of the invention 

would have found it obvious to have used the treatment time determination method taught by Schneider 

et al. in order to insure proper and effective sterilization of the medical device (prefilled syringe) thus 

successfully practicing the invention of Hasegawa et al. The combination results in determining the 

sufficient time for decontamination by validation of treatment times compared to a control standard. 

With regards to claim 5, the post decontamination measure taught by Hasegawa et al. includes 

applying a vacuum following the duration of treatment with vaporized hydrogen peroxide thereby 

reversing the direction of diffusion of vaporized hydrogen peroxide and preventing intrusion of vaporized 

hydrogen peroxide into the prefilled syringe (column 8, line 63 through column 10, line 39). 

With regards to claim 22, the combination of Metzner et al. and Hasegawa et al. teaches that the 

hydrogen peroxide vapor sterilization method can be used for sterilizing prefilled syringes in secondary 

packaging where the prefilled drug product is various protein solutions (Metzner et al. para [0061 ]). 

9. Claim 3 rejected under 35 U.S.C. 103(a) as being unpatentable over Hasegawa et al. (US Patent 

6,228,324), Metzner et al. (US Patent Application Publication 2003/0003014), and Schneider et al. (US 

Patent 5,037,623) as applied to claim 1 above, and further in view of Shams (US Patent Application 

Publication 2007/0190058). 

The combination of Hasegawa et al. and Metzner et al. as described above teaches a method of 

using hydrogen peroxide vapor for sterilizing different proteins in secondary packaging (para [0061]) at 

30°C (para [0063]) and teaches that the treatment did not destroy the protein products (para [0076]). 

Metzner et al. does not specifically mention the use of the method for treating a medical product where 

the prefilled drug is ranibizumab, a protein. The claim recites "therapeutically effective" (implying non 

degraded protein when administered into a body for treatment). A person having ordinary skill in the art 

at the time of the invention would understand that if this method is capable of sterilizing prefilled protein 

drug products in secondary packaging without causing degradation of the proteins that the method is 

capable of treating the specific protein ranibizumab. 
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Additionally the concept of using ranibizumab delivered by a syringe is also known in the prior art. 

Shams teaches the administration of ranibizumab by syringe injection (para [0128]). A person having 

ordinary skill in the art at the time of the invention would be capable of modifying the method taught by 

Metzner et al. with the addition of ranibizumab being the drug in the syringe, as taught by Shams, in order 

to administer a dose of ranibizumab as a therapuetic drug (abstract and para [0028]) in a sterile manner 

which is desired by Shams who states that the treatment should be formulated, dosed, and administered 

in a fashion consistent with good medical practice (para [0092]) which would include using a sterile 

syringe. 

10. Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hasegawa et al. (US 

Patent 6,228,324), Metzner et al. (US Patent Application Publication 2003/0003014), and Schneider et 

al. (US Patent 5,037,623) as applied to claim 1 above, and further in view of Bates et al. (US Patent 

Application Publication 2008/018195). 

Hasegawa et al. does not teach that the post decontamination measure includes applying UV 

rays following the duration of treatment with the vaporized hydrogen peroxide thereby inactivating the 

hydrogen peroxide vapors. Hasegawa et al. instead teaches that the post decontamination measure 

includes degassing the chamber and sending the hydrogen peroxide vapors to a catalytic reactor to 

breakdown and remove the hydrogen peroxide vapor from the air (column 9, lines 39-48). Bates et al. 

teaches that another known way to break down hydrogen peroxide after a disinfecting treatment is to 

expose the hydrogen peroxide to UV light (para [0129]). A person having ordinary skill in the art at the 

time of the invention would have found it obvious to substitute one known way of breaking down hydrogen 

peroxide (UV light exposure) for another (catalyst) with the expectation of successfully breaking down the 

hydrogen peroxide. The combination would result in applying UV rays following the duration of treatment 

with the vaporized hydrogen peroxide thereby inactivating the hydrogen peroxide vapors 

11. Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hasegawa et al. (US 

Patent 6,228,324), Metzner et al. (US Patent Application Publication 2003/0003014), and Schneider et 
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al. (US Patent 5,037,623) as applied to claim 1 above, and further in view of Rohatgi et al. (Development 

of Vapor Phase Hydrogen Peroxide Sterilization Process for Spacecraft Applications). 

Hasegawa et al. does not teach that the post decontamination measure includes gas plasma 

treatment. Hasegawa et al. instead teaches that the post decontamination measure includes degassing 

the chamber and sending the hydrogen peroxide vapors to a catalytic reactor to breakdown and remove 

the hydrogen peroxide vapor from the air (column 9, lines 39-48). Rohatgi et al. teaches that another 

known way to break down hydrogen peroxide after a disinfecting treatment is to generate a plasma to 

break down the hydrogen peroxide into nontoxic products (step 4 on page 225, see whole document). A 

person having ordinary skill in the art at the time of the invention would have found it obvious to substitute 

one known way of breaking down hydrogen peroxide (gas plasma treatment) for another (catalyst) with 

the expectation of successfully breaking down the hydrogen peroxide. The combination would result in 

the post decontamination measure including gas plasma treatment. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the examiner should 

be directed to DONALD SPAM ER whose telephone number is (571 )272-3197. The examiner can 

normally be reached on Monday through Friday, 9 to 5. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Michael Marcheschi can be reached on 571-272-1374. The fax phone number for the organization where 

this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be obtained from 

either Private PAIR or Public PAIR. Status information for unpublished applications is available through 

Private PAIR only. For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic Business Center (EBC) 

at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service Representative 

or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/DONALD SPAMER/ 
Examiner, Art Unit 1775 

/SEAN E CONLEY/ 
Primary Examiner, Art Unit 1775 
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Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

phip.patents@novartis.com 
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Application No. 

Notice of Abandonment 13/382,380 
Examiner 
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Applicant(s) 

SIGG, JUERGEN 
Art Unit 

1775 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-

Th is application is abandoned in view of: 

1. 1:8] Applicant's failure to timely file a proper reply to the Office letter mailed on 02 April 2014. 
(a) D A reply was received on __ (with a Certificate of Mailing or Transmission dated __ ), which is after the expiration of the 

period for reply (including a total extension of time of __ month(s)) which expired on __ . 

(b) DA proposed reply was received on __ , but it does not constitute a proper reply under 37 CFR 1.113 to the final rejection. 

(A proper reply under 37 CFR 1.113 to a final rejection consists only of: (1) a timely filed amendment which places the 
application in condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Request for 
Continued Examination (RCE) in compliance with 37 CFR 1.114). 

(c) D A reply was received on __ but it does not constitute a proper reply, or a bona fide attempt at a proper reply, to the non
final rejection. See 37 CFR 1.85(a) and 1.111. (See explanation in box 7 below). 

(d) 1:8] No reply has been received. 

2. D Applicant's failure to timely pay the required issue fee and publication fee, if applicable, within the statutory period of three months 
from the mailing date of the Notice of Allowance (PTOL-85). 

(a) D The issue fee and publication fee, if applicable, was received on __ (with a Certificate of Mailing or Transmission dated 
__ ), which is after the expiration of the statutory period for payment of the issue fee (and publication fee) set in the Notice of 
Allowance (PTOL-85). 

(b) D The submitted fee of$ __ is insufficient. A balance of$ __ is due. 

The issue fee required by 37 CFR 1.18 is $ __ . The publication fee, if required by 37 CFR 1.18(d), is$ __ . 

(c) D The issue fee and publication fee, if applicable, has not been received. 

3.0 Applicant's failure to timely file corrected drawings as required by, and within the three-month period set in, the Notice of 
Allowability (PTO-37). 

(a) D Proposed corrected drawings were received on __ (with a Certificate of Mailing or Transmission dated __ ), which is 
after the expiration of the period for reply. 

(b) D No corrected drawings have been received. 

4. D The letter of express abandonment which is signed by the attorney or agent of record or other party authorized under 37 CFR 
1.33(b). See 37 CFR 1.138(b). 

5. D The letter of express abandonment which is signed by an attorney or agent (acting in a representative capacity under 37 CFR 
1.34) upon the filing of a continuing application. 

6. D The decision by the Board of Patent Appeals and Interference rendered on __ and because the period for seeking court review 
of the decision has expired and there are no allowed claims. 

7. D The reason(s) below: 

/SEAN E CONLEY/ 
Primary Examiner, Art Unit 1775 

Petitions to revive under 37 CFR 1.137, or requests to withdraw the holding of abandonment under 37 CFR 1.181, should be promptly filed to minimize 
any neqative effects on patent term. 

U.S. Patent and Trademark Office 

PTOL-1432 (Rev. 11-13) Notice of Abandonment Part of Paper No. 20141014 
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