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60/ 966, 065 fil ed on August 24, 2007. The entire

teachi ngs are incorporated by .reference herein.
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analytical signal for the filter extractabl es can be
fi{érance:l?ﬁe‘f‘her efore rendering their presence

undet ect abl e. Conventionally, the Mdel Stream

ApBATCICGROBINDEF THE INVERITION. ; Leszczak, J.
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bi ophar maceuti cal product. A "worst case scenhario" "“can

beconcentratibng rof eligemersewd iadditivenolf diverse phrsegad andhehemical

T T N T A

( Lptddhict WRShCHIpRETRiHR Ghaly¥ival KBSl fi8l6d fiRerdxindctable/Ban be masked,

and Fourier transtorminfrared spectronetry (FTIR) are

enprbiherpions repdesing their presence undetectable. Convéntionally, the Model
Stream Approach (Stone, T.E.; Goel, V.; Leszczak, J. Pharmaceutical Tech. 1994,
116-130) is used to study the extractables present following the filtration step.
During this method, the filter device is subjected to a model solvent that simulates
specific chemical effects of a pharmaceutical solution. Under this principle, the
model solvents are selected to represent the extremes in environment (high or low
pH, high salt concentrations, or organic solvents) to which the filter device may be
exposed, but not to be identical to the actual contents of the biopharmaceutical
product. A “worst case scenario” can be created under aggressive conditions where
the filter extractables content is maximized. Analytical techniques such as liquid
chromatography UV detection (LCUV), gas chromatography mass spectrometry
(GCMS) and Fourier transform infrared spectrometry (FTIR) are employed to detect

the presence of extractables in the model solvent during the testing procedure.



the presence of extractables in the nodel solvent
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manufacturing process thereof. Liquid chromatography is used to separate the test
25 sample. Following the separation, the test sarnple is diverted to waste for a period of
time to remove components in the test sample that cause matrix interference with the
detection of the extractables. The remaining test sample is processed through a mass
spectrometer to obtain a test mass spectrum. The test sample mass spectrum is
compared to the reference sample mass spectrum to verify the presence or absence
30  of the extractables in the test sample. In one embodiment, the extractables are filter

extractables that are introduced by filtration of the biopharmaceutical product. In
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depﬂ}?ent upon the type of filter used, the
steriTization and filtration conditions, and the
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product. In another embodiment, the diversion should occur at the latest time
possible before the first target extractables compound characteristic to the filter of
25  interest is eluted from the LC step. In another embodiment of the invention, the
period of time is up to 10 minutes. In another embodiment, the diversion to waste
time is 10 minutes.
In another embodiment of the invention, components that cause matrix
interference are selected from a group consisting of active pharmaceutical
30 ingredients; buffering agents; salts; preservatives; solubilizers; chelating agents;

acids; bases; sugars; proteins, peptides, and combinations thereof.
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pharmaceuti cal ingredients; buffering agents; salts;
preservatives; solubilizers; chelating agents; acids;
bases; sugars; proteins, peptides, and conbi nations
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FIG. 4 is the mass spectra from the two peaks identified in the chromatogram
of the liquid chromatography step of the standard.

FIG. 5 is the overlay of the chromatograms of the extractables standard, a
small molecule-based drug product and a small molecule-based drug product spiked
with the extractables standard.

FIG. 6 is the overlay of the chromatograms of the extractables standard, a
large molecule-based drug product and a large molecule-based drug product spiked

with the extractables standard.
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di sedensns taindisateod] thh possible eusagtahlegisemct given BRerrdeivicgr Although
the Model Stream Approach provides useful information, it cannot be used to detect
the actual filter extractables present in the biopharmaceutical product for human or
animal use. The ability to detect filter extractables actually present in the

25  biopharmaceutical product would assist in ensuring the safety and efficacy of the
drug.

The present invention discloses a method that allows for detection of filter
extractables in the actual biopharmaceutical product, rather than in a model solvent
system. The method utilizes liquid chromatography-mass spectrometry (LCMS) to

30  detect ions characteristic of extractables introduced by filtration of the
biopharmaceutical products. Although the examples below illustrate methods of the

invention for detecting filter extractables, the methods are generally applicable for
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contacting material. Impurities are compounds that are present in the
25  biopharmaceutical product or can be introduced into the biopharmaceutical product.
As set forth herein, the term “extractables” is intended to cover contaminating
compounds that include extractables, leachables or impurities. For ease of
discussion, the methods of the invention will be described with regard to
extractables but leachables and impurities are also contemplated. The extractables
30 are complex mixtures consisting primarily of oligomers and additives of diverse
physical and chemical properties and are often present in concentrations much lower

than any other ingredient of the biopharmaceutical product, making detection of
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signal of the extractables and should be eliminated or reduced from the

25  biopharmaceutical product prior to detection of the extractables. Known methods
for removing or reducing the amount of components that contribute to matrix
interference can be used, such as precipitation of proteins. For examples, acetone
can be added in a protein solution at the volume ratio of 4 to 1. After 15 minutes of
reaction the solution will be centrifuged for 10 minutes at 15,000 RPM. The

30  supernatant containing the analyte(s) of interests is then removed for further
analysis. Methods for reducing or removing matrix interfering components can also

be achieved using the novel diversion method and system described in detail below.
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25  fluid contact material is made of ultra low density polyethylene (ULDPE); the gas

barrier is made of polyethylene vinyl alcohol copolymers (EVOH); and the outer
layers are made of ethylene vinyl acetate (EVA) and ULDPE such as Millipore®
PureFlex® process container film. Durapore®, Lifegard®, Polygard®, Opticap®,
Millipore Express®, PureFlex® and Millipore® are registered trademarks of the
30  Millipore Corporation, Billerica, MA.
The method for detecting extractables in a biopharmaceutical product

involves comparing the mass spectra of a test sample to a reference sample. As used
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bi ofibphidtmaediiticsladroduct may introduce extractables, and thus would be an
appropriate test sample.

25 Preparation previous to the injection of either the reference sample or test
sample may be preformed. One possible preparation could involve heating the
sample or adding sodium dodecyl sulfate (SDS) to denature and/or precipitate any
proteins present. Some biopharmaceutical products may contain other ingredients
that can be removed by solid-phase extraction, or alteration of the pH or ionic

30  strength of the solution. Other sample preparation techniques can be used for the

methods of this invention. One method for analyzing the concentration of the
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19]

histidine, hydrazine, imidazole, malate, maleate, MES, methylamine, MOBS,

25 MOPS, MOPSO, phosphate, piperazine, piperidine, PIPES, POPSO, propionate,
pyridine, pyrophosphate, succinate, TABS, TAPS, TAPSO, taurine (AES), TES,
tricine, triethanolamine, Trizma.

Salts are another component of a biopharmaceutical product that can
introduce matrix interference into the detection. Representative salts include but are

30 not limited to acetate, benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide,
calcium edetate, camsylate, carbonate, chloride, citrate, dihydrochloride, edetate,

edisylate, estolate, esylate, fumarate, glyceptate, gluconate, glutamate,
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25 In order to dissolve and maintain dissolution of the API, solubilizers can be
added to the biopharmaceutical product, but these solubilizers can also cause matrix
interference. PEG, Tween, CMC, and SDS are all possibilities for agents used as
solubilizers.

Chelating agents can also be a source of matrix interference and include,

30 citric acid, tartaric acid, calcium acetate, calcium chloride, calcium citrate, calcium

diacetate, calcium gluconate, calcium hexametaphosphate, monobasic calcium

phosphate, calcium phytate, dipotassium phosphate, disodium phosphate, isopropyl
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Diverting the sample eluent involves channeling the sample away from the
mass spectrometer immediately after the liquid chromatography step in the method.
25  The diversion process will continue for a pre-set amount of time, based upon
previous experimental determinations. The sample should be diverted until
immediately before the retention time known for the first target extractable of the
standard. The diversion time will depend on the components of the
biopharmaceutical product being tested, the nature of the extractables likely to be
30 present, and the analytical method.
After the diversion step, the remaining reference sample is processed through

a mass spectrometer to obtain a reference mass spectrum. The reference mass
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spectrum will be taken to indicate the absence of the filter extractables in the
biopharmaceutical product.

25 Another embodiment of this method is to quantify, or determine the number
of discrete filter extractables as well as the concentration at which the total
extractables is present in the biopharmaceutical product. The quantification step can
include measurement of peak heights in the LC chromatogram.

In accordance with an embodiment of the invention, there is provided a

30  liquid chromatography diverter, and a method for diversion of a liquid resulting

from liquid chromatography, that assists in reducing the presence of interfering

compounds in a sample that is to be analyzed by mass spectrometry. Such an
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extdnsddaib@taccordmgl td3he FRBMich AR SRRE td A8t She filter extractables
conpared to the reference sanple nmass spectrumtaq

detip@tdregmer bippharmesewicahprodpetebpredupiagithg prgpence of interfering

. ORP B Sutd et PR okl TR ot Pl apalysis

| eached By o4y bifidluserhaon af thd liguidcHridatopaptie diveftepdccobding to an
bi ophar maceuti cal product. The agpear ance of peak(s) .

: . )
5i n enpodimertiof Sainyentinn: Hierpiidysiqsseribadihe pse ofea canyphional
| n 0 . . . .
oo bEEbER el L 0B LOREL 0 LA o W canbe swiches
di deowvem a'tvdshed” spttepemdea ‘Gbupeakdtsng,iwhiech alithe hquid @ow pattern
chromat ogr am qr, the nass lS(Eectrum Conparing the test

ma Lt EFRIRA AL i n97UoR ¥PFence sanpl e mass spect rum

Wil i ndifeat @ ik RecRERaRESerah GRSIR{AE 16 fai@rn when a conventional
extractables in the test sanple. Peaks that appear in

10potihjettien vadveisarsed imatiquidshromategraphy { masswipettrgraetraieshnique,

to indi,cate the presence of the.filier.extractabl in

¢ ne il BEARPRAEV T SRS P uls: i LGS beRRef RoWs from a
onlpunih 0 Ir @tcaeaaesaimgsier H2eaid f6in thete inwta lidied tE®atography
mass spectrumwi ||l be taken to indicate the absence of

b it e

t heeofymn £03. eAfterbe diguidstravels theough dh Havid cbipmatagraphy column

Pr oQUCE: 4y Liment o@fentdl ' i ix-

oy higudRlcaEhoSaDR RN O enlehl £ FRE PR 05 b ptopyentionsl six
15extposicinfedtiens valse WEhe elmant & iadindesfiltatexaactablesyiwldth afeef interest

total extractables is present in the pi opharpaceuti cal

pr JALAFIECRRGN QT oF é@%vflaﬂn?sc@g%c 7P UKo P el 35 compounds that

MeqgiHRIERh HeaRRRifeNEdahE éxthféta%bﬁ@. Ltk TRV B @A sikPort

acc'o.rdz;\nce Wit h an enbodi ment o the | nventi on, there
i s ipjleotordealvenin the (fivdstehsastieg, sl elpant fthiwseditestly fioomaithe first port

met f.or diversi of.,a ljquid resy]ti fro i quid
chri e 05 seben bk 806 BLuR pbd it i dhing akp Pube e

200f spBétRrheér Nd . MMBREAHIRS a calirasaiguli®1bWa rohBa E@ite pump 112 to a
anad%/zed by mass spectronetry. Such anenbodi nment

ac dgtpaery (oynting:couniermlodivisd arewad thebeport injeicacal v d 09 of the
P afe. epilercafibaRE Rquid then flows to a sixth port 110, and from there through a

flow loop 113 that is positioned in series flow relationship between the sixth port
110 and a third port 107 of the six-port valve. From the third port 107, the calibrant
25  liquid proceeds to a fourth port 108 and from there to waste 114,
FIG. 1B is a schematic diagram of a liquid flow pattern when the
conventional injection valve of FIG. 1A is switched to the “source” setting. As in
FIG. 1A liquid initially flows from the pump 101, to the autosampler 102, and
through the liquid chromatography column 103 to produce the eluant 104, which is
30 introduced into the first port 105. With the six-port valve in the “source” setting, the
eluant 104 is then directed into the sixth port 110, and through the flow loop 113 to
the third port 107. Because the flow loop 113 previously contained calibrant liquid



in a drug or biopharnmaceutical product, by reducing

the presence of interfering conpounds that coul d mask
we@ziazeabl e peaks in the nmass spectronetry anedHEER08/010026

By way of illustration of the |iquid chromatography

diverter according to an enbodiygnt of the invention,

there is first described the use of a conventi onal

injection valve in a simlar context. Conventional

i nj. i X e i . . " " .

ot TG Dol SRR IO A GEE P RIRER 8 swiBBiiing wi) he

f | mlugmabs 8 flowsahwegh tiwoflow ladp 1 e Frojretbe ithird parkt 167, the eluant

parthe oA g seamoats Heaind e irfety (ot aiasS Shretrameter 111.
a Ipgdist SRMbRGE ARIM ié cATRES wihahé ERBRE the daBbIMt AYEd is

with the injection valve in the "waste" setting.
S5Li goiraduced ibethgmatsg spectfomsigr ¥l ahong withpheiduarntoqllgw mass

aut o | er 102 nd,fr there.into. iquid . .
e SRER P MRt GOP-balaldid Qo e g gump 1121
t hrditegtedtib ehd fifily Fé‘rtQUD,mtfﬁﬂﬁ apdny viaahe BurthQsbrt 1 08itsi Waste 114.
chromat ography eluant 104 enters a first port 105 o

. : rs a f a
convent i B¥iag the copyentiqna) Hxtognigglivevalyeas iy klshy. 140and FIG. 1B,
in ' rag I ' r il
| 555 R ) OSBRI Bl AL RARSH ecn
10pr otaste)” sasingelf F1I@s1 A ang cierfdswickasetiing ef FiF.d Bs Hbwever, in both

measur enent of the, extractahles. Wth the.cqonventi onal
si Xepmes of thesopygmiopal sh&Per IPJﬁ%“@fw{aéY%"h%‘é‘ﬂ‘Pa ﬁg{omaﬁ%graphy

el uaidnth b@Yﬁco%%iB§§Jsll)yh inkrlo@ddntof tgé f?ﬁas? %etﬁtrg%te,tr 911 ’Plﬁld therefore

second port 1 of t’he valve, an romthere directly
t o datreesrvaittsitspmponadsghatrintetfere Withooatard mcompatalle byvithythe mass

liquid flogws from a, syringe 2 to fifth port

(coretrametie . O BbeRae BERME Rl ghfeft &Rl easure the
151 NjRRedeh&dofalotektrd@8bles irf Harugadhmple usigs idlcoRvaitional six-port

liquid then flows to a sixth port 110, and fromthere

t hrinigghiomvalvoaf FKap 1Mand Hat i s positioned in series

flow rel@ti ' e [ r 10.

third pot CRgIbICREATFR sbsfatls HaboRR ok s M ERPy Batgern through

pora liqufdd chroheatepahphyr dinértdriageordingrto as edtbotiment o thiet ihvention, with

port 108 and fromthere to waste 114. FI G, ‘%ﬂfjs a . . .

scHBAEVPECINAR? afpd setiingy JVRika ipihpeanventiong s-pafkinjection
20C OV IS, 1 Al AR e/l defer O FIGS: 2A Anl %B%ﬁuhagkﬁdfylw loop

e "source" setting. As iquid initi
f 1 @S Hetverent ddgacpotgortsGf a sixepott énjeciionseing, end @@ dueesdhe liquid

L U S0 oy Sk S0 QTRLOOIAR, S QMIT 1OB e port 206 that
leads to the mass spectrometer 211 and the port 208 that leads to the waste 214, In
the “waste” setting, calibrant liquid flows from the syringe pump 212 into the fifth

25  port 209 of a six-port injection valve, and from there to the sixth port 210. Using the
added flow loop 215 between the adjacent sixth port 210 and first port 205, the
calibrant liquid then flows into the first port 205. From there, the calibrant liquid is
directed to the second port 205, and to the mass spectrometer 211. Meanwhile, the
eluant 204 from the liquid chromatography column 203 enters the diverter at the

30  third port 207, and is directed to the fourth port 208, and from there is directed to
waste 214. Therefore, in the “waste” setting, using the diverter of the embodiment

of FIG. 2A, all of the eluant 204 from the liquid chromatography column flows to



introduced into the first port 105. Wth the six-port

valve in the "source" setting, the eluant 104 is then
wa@lreoemeedl i nto the sixth port 110, and thr oughreiesiob® 0026

| oop 113 to the third port 107. Because the flow | oop

113 previously contained calibrgnt |iquidin the

"waste" setting of FIG 1A, sone calibrant liquid is

swept along with the eluant as it flows through the

f1 oe e 2443 Thiak, qmtﬁé"'@wiﬁé ’rs@ttﬂ%r )| é@ﬁhe ihRefehg 86thpounds, which

then flows to the second port 106, and then dlrectF

t o arh pravestsn Sheee uarg 2 eare 11k¢waela>ractsé e wiaste 23 |abmsrw1th the

d d w
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ol RER<Ph4iE it SR 25 oRort ot b6 Rre b io, s s the low
WI tﬁbth bovcBR B FRIEHSH Q0B bAY siRABPOBER F). MeahWhilld)@icdalibfant liquid
difficult to accurately detect and neasure the
pr eBewing fofm thel sysinge pumpdtl31$ disedted Fomirthe fifthmerte2099p e fourth
the_c nt i enal Ror ection valve of FIGS. 1A
anopqrgﬂy %ﬁfnrta}\%fe toll‘?’aéeél% is a schematic di agram of

15a |iqui dUélhgwlmtzé@érrbfttm enibbdimeht SAHIGSC nAmtzmrtH@wve can be
di verter according to an_enbodi.nent of the inventio

vv| tfwitghed yiadine ssements igthe feaiidtion method petwran thg “Aste” setting of
an ?%?Aﬁﬁg tg@ aéouﬁ‘x‘:@"'ﬁﬁfrgl déglé %B Offy, ¥Ie uﬂ{lké: {hﬁecﬂn‘ﬁ;ue using
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Iverter i’ncl udes
fl othe Icomp:nﬂd:ﬁalbmtvmﬁrﬂ@ﬂ} daant lﬁotltesemifodamsmbofﬂﬂﬁs 2A and 2B

Icﬂjragfm 3 %ﬁly‘ Oga?p%%#hg't(?il?ag]? 5§4§ H%l?e? dl%%d[ em,;llrelp'go waste, in the
202d] ‘BERN steﬁln@ idd thbg t(PQé HirdQ&d érﬁﬁ‘élyltg SR sbgﬁrdfﬁétér in the

spectroneter 11 and the port 208 that leads to
wastseuze’ setung t h)ethisvwsst, ¢he @@cmrmgj FIG8! 24 ead 2B mewb@ sw1tched to

i s o 212 he fif .
20905 W8, St 1ora o Rl Mot ool el Bbign minutes of

t heligui& EhroRfikd Zﬂlﬁl elﬁ&lt Mdw D gusiteichltive osfordikarly all of the
bet ween t he acﬁracent si xth port 210 and first port
205compeands are eluted that interfere with, or are incompatible with, mass

25  spectrometry measurement of filter extractables. Then, once most or nearly all of

the interfering compounds have been eluted and sent to waste, the diverter of FIGS.
2A and 2B may be switched to the “source” setting to allow the liquid
chromatography eluant to flow directly to the mass spectrometer to allow
measurement of filter extractables without interference from the interfering

30 compounds. Thus, the liquid chromatography diverter of FIGS. 2A and 2B allows

more accurate detection and measurement of the presence of filter extractables in a

drug or biopharmaceutical sample.



calibrant liquid then flows into the first port 205.

Fromthere, the calibrant liquid is directed to the
waewomzh2port 205, and to the nmass spectronet er PQI/132008/010026

Meanwhi |l e, the eluant 204 fromthe liquid

chromat ogr aphy columm 203 entergythe diverter at the

third port 207, and is directed to the fourth port

208, and fromthere is directed to waste 214.
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fr odnmtgewmpq @hmﬁlwmnmrb@p &plagted olodmand liquis! ctlmm@tography eluant

n_t h
e ep o et e el T 5 el s i mostof
204the amerféﬂukgemﬁmdidﬁ ard ddketl Ooyesihgarddd wilhohe nnAe& Iat whith the
el uant; while the mass spectroneter 2 11 is receiving

Scal fargefilter pdiactablssiage elpted; Qsexmﬂes%mémeetr@na@‘ a'?ﬁk for the
of ﬁtér eﬁ“?%o{g‘lygﬁﬁ nds T %f he OB& éél?(ﬂ/e?? cbr%ih al t1me I[])?I‘IO? followed

chroma er accor 0 an e
t heby the@ppeapiceviftalpetk éorcthy ﬁltbﬁdfxttaﬁtablbe I@@I],lm:the diverter should be

settin Here, the eluant 204 e i.ng fra quj.d
chr%’ﬁ‘&glé d f0FnyWRSF Litn Sowrse gﬁ&té? Satesp limrgossl dw?ors first target
dflfté‘ daQ dﬁé&%l% @ofn?ohﬁ‘@ cRREQABRGHRYTinte R erﬁ@r%eg R Yif&iae
11, to

rectly to the nass spectrometer ,
IOaI | chzomnatmigyaphy ebfant.i As eptedaboe tabingsitésns bheexdmplaof a useful

Tt R ALt b B e
si Nggy b asdd dEgGRdihE ol ehd\BRGretdTehd ﬁrté'tmﬂ@ﬁ&l R Pachdtle compounds

second port are closed off, as is e flow pat h
bet intesfering omppukdsp drug moduct areredigmty ap@b pthez ia@tors Generally, the

anwi 't'sﬁd;ulﬁ 'Eg flg\%lriseﬁ (ﬁi‘r eCtI[ ﬂng %quoé {P e ftlg%ggnttznﬁm%té that cause

syrl nye romt

15t 0 beixf 1ﬁtﬂifefbn@@ k4 a dOgree aufficfenot dlhb@\r sdé@re‘dlaﬁtlﬁ'aé.’}ﬂ.ﬁ detection of
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Billerica, MA.
25

EXEMPLIFICATION

Example 1: Isolation and Detection of Filter Extractables
Following an autoclave cycle of 126°C for 60 min, a 10-inch 0.22um
30 Durapore® filter was extracted in Milli-Q® water for 24 h at ambient temperature.
Durapore® and Milli-Q® are registered trademarks of the Millipore Corporation,

Billerica, MA. A control was prepared using Milli-Q® water without the filter under



conmpounds are eluted that interfere with, or are
i nconpati ble with, nmass spectronetry neasurenent of

W pdovez92ext r act abl es. Then, once nost or near | RCEIB2008/010026
the interfering conmpounds have been eluted and sent to
waste, the diverter of FIGS. 2Agand 2B may be sw tched
to the "source" setting to allow the liquid
chromat ography eluant to flow directly to the mass
S Pt daBiBRIRHitioRs AThe Yol iBST AW &8RRI Mfalyizell b9Mmon-volatile residue
extractables without interference fromthe interfering
conapdpsisigliluTddul) timbsusing l&;flibli-QI%J rwateit kejorgphjecidon mte the IgEMS.

FIGS. 2 d.2 I te detecti d .
reasur eRBARIR e BFQBEREE Rk FRorGiotns ok (sgecizples (n
a Edyand "th@é&;%ﬂgiH%‘i&%.i Walentd | Witl e QoH 8K ehedxitfactables
t he enbodi nent o | GS. 2A and 2B, the tine period

5 dumiengyfominil ¢t containdivegrenles chiagactaristinéo thed3ureponed didtennfihe mass
liquid chr tography eluant is sent directly to waste
gD Lo SR SRS BRI or e he Reaks 5 im i Brofgiogram of
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with the tinmes at which the tar?et filter extractables
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the interfari onmpounds. may -be.ohserved .qver a

coritiyelsnidenciied 35 RIARH R Of ARciap ocg i the Membrane
10 ap peauARaARIng précdes akinke thekd Cothpdunds erist atakteledslow

Ideal ly, the diverter should be swtched from "waste"

t o corgsphattonsa L CMepIOYides the hestmeds &qrisietecien of thejraesence.

first target filter extractable conpound

characteristic of interest enmerges in the liquid

chivampled @phy: lebladok andPDereotien ofiBiltee Extrattabienin @S | S

one exanpl e of useful initial time period for using
th ’of%gg;}f’)%@eu%{’ ""gudt the diverter, but other tinme

15 Peri ods DAy pRRAIuLESFLrd SPRBI VA AR xiRGaRE SaRdRf af HiSin levels. In
filter material, extractable conpounds, Interfering

cothsdargggmoldeulg applowition, dnmigo adide ot prodeius actpzecipitatedfrom the

e rRbterbif el sl B ReY R Gl s, e
| nkghé frRNte dirgs prodads eathouf $piking Werd Erle@hﬂela\th@s&ﬁesm;a Hefore
e. n

accuracy i n detection of the extracta
ackoipgaiiededi t h an enmbodi ment of the invention, the

208 POLABLESH) A 8t L 8 o o
si prquact andrthe smald moledulebased idnagbprediictapikidd Wkl the extractables
IR CRY N YUK S N
emhaebaRited that despite matrix suppression, the extractables could be detected in
the presence of the drug ingredients in the spiked samples. This method was applied
25  to a wide range of biopharmaceutical ingredients and showed to be sensitive and
robust for most applications. The method allowed for the first time verification of
the presence or absence of the extractables directly in the biopharmaceutical

product. In contrast, none of the conventional methods allows for such detection.

30 While this invention has been particularly shown and described with

references to example embodiments thereof, it will be understood by those skilled in



according to the invention. The calibrant Iiquid may,

for exanple, flow at a rate of 2-10 mcroliters per
worRewane923The mass spectroneter 2 11 may, for eRENPEM®P8/010026

be a m crOTOF mass spectroneter system avail able from

Bruker Daltonics Inc., Billericgg.MA EXEMPLIFI CATI ON

Exanple 1: Isolation and Detection of Filter

Extract abl es Fol | owi ng an autocl ave cycle of 126C for -

60 {KeRrt tRathArib(E fhdd 8@%@%@@%@(& }nazlﬂetrﬁadewa&em without

extracted in MIli-Qr) water for 24 at anbi ent

t engiepariing fsomthe saepe of the inventivh|enrorapassedibye theeapipendadeadaims.

trademarks of the MIIipore Corporation, Billerica,

MA. A control was prepared using MI1li-Qr) water

wi thout the filter underthe sanme conditions. The

sol utions were then anal yzed by non-vol atil e residue

anal ysis, diluted 10 tines using MIli-Qr) water

before injection into the LOMS. Shown in FIG 3 are

the base peak chromatograns of the extractables (in

red) and the control (in green). Wen conpared wth

the control, the extractables were found to contain

two peaks characteristic to the Durapore(r) filter.

The mass spectrum of the species responsible for the

two peaks seen in the chromatogramof FIG 3 is

depicted in FIG 4. The peaks at MZ 329 and 357

correspond to conpounds known to originate fromthe

filter extractables. The peaks were tentatively

identified as phenolic-type of antioxidants used in

t he nenbrane manufacturing process. Since these

conmpounds exi st at extrenmely | ow concentrations, LCVS

provi des the best node for detection of their

presence. Exanple 2 and 3: Isolation and Detection of

Filter Extractables in a Bi opharmaceutical Product

Drug products were spiked with an extractabl es

standard at ppmlevels. In the |arge-nolecule

application, amno acids or proteins are precipitated

fromthe biopharmaceutical product, and then the

sanple is injected into the LCV5. At the sane tine,

the drug products w thout spiking were prepared the

sane way before being injected. The overlay of the

chromat ograns of the extractables standard, a drug



product and the small nol ecul e-based drug product

spi ked with the extractables standard (FIG 5: small
woredoeoed2st FI G 6: | arge nol ecul e). The resul t BCT/US2008/010026
denonstrated that despite matrix suppression, the
extractabl es coul d be detected.pm.the presence of the
drug ingredients in the spiked sanples. This nethod
was applied to a wi de range of bi opharmaceuti cal

i ngredi ents and showed to be @eAputi ve and robust for
nost applications. The nethod allowed for the first
time verification of the presence or absence of the
ext wamt algmediig:-ectly in the biopharmaceuti cal

product. In contrast, none of the conventional nethods
allows for such detection. Wile this invention has
beeh par timethed b deipesing exitractablss in bieghamageyticabproduets,
to exanple embodi nent,s. t f. 1 i o)
byt hoset SRS Ry P fiatoddpndishess PeHERBER] B%teect e
5 or m andpéedrite lof exactittesintodidedie the mandfacturidg phthei ng
fromthe scope of the invention enconpassed by the
appendedbiopharmaceytigabrodpel: is claimed is: 1. A method
of detecting extractables in biopharmaceuti cal
products, conprising: using liquid chromatography-nass
spezit r onthe ymettmdddictaim It Wwhenpirethe eraciblesdre ddteabktesctables
i ntroduced in the nuf act.yri.ng .of the..

bi ophar miRgreEdy iBlige o ths bipETRRERIgA Aok m 1
joherein the extractables are filter extractables

i ntroduced by filtration of the biopharnaceuti cal

pr o8luct . A3nethodref detectofg atdracieblenin bivpharotageutios! preducts,
bi ophar maceuti.cal products, conprising: (a) preparing
a referehUBPLANyI e, conprising: i) obtaining a

r ef er encg) padpatifg afrefei«ol samiple sedmsradingdr oduct t hat

does not contain extractables; ii) adding a standard

cont ai ni ng exbrokiainipeagefesench sappleat biprhagnaqsuticaliproduct that
|s5eparating thg reference e%[’rma?]ﬁ?'y liquid

chr omat ogr aphy; i VOS Iverting € reference sanple to

waste for a pd)addingh standardtcontaaringy exteaenibdesi to alnd eférance sample;

the reference sanple.that cause matrjix interference
Wi th the det oD erraingibersicieass sumpls by liauid chiromaiography;

iv) diverting the reference sample to waste for a period of time to
remove contaminants in the reference sample that cause matrix
20 interference with the detection of extractables; and
v) processing the remaining reference sample through a mass
spectrometer to obtain a reference mass spectrum;
(b) preparing a test sample, comprising:
i) obtaining a test sample of a biopharmaceutical product that may
25 contain extractables;
ii) separating the test sample by liquid chromatography;
ii1) diverting the test sample to waste for a period of time to remove
contaminants in the test sample that cause matrix interference with

the detection of extractables; and



v) processing the remaining reference sanple through a
mass spectroneter to obtain a reference mass spectrum
W@ Rjovjorepari ng a test sanple, conprising: i) OPCHUSI008010026
a test sanple of a biopharmaceutical product that my
contain extractables; ii) separaiing the test sanple
by l'iquid chromatography; iii) diverting the test
sanple to waste for a period of tine to renove
contam nants iy) prdtRséifig thesrefairing 128t sa6lé réBih d tass spectrometer
interference wth the detection of extractables;
andi v) proces¥l ehjainipctestangss sperrups éndsanpl e t hr ough a

R e

ref erence sanpiass speegusite (dbfeumﬁtmcdtbtee G thexestaainpld. es
in the test sanple. 4. The nethod of claim 3 further
5c:orrpri sing quantifying the extractables that are
detgct ed; éme 9 JTRIAS Rlrtnet %ﬂ%&iﬂ? htityih ?he extractables that
extracta es t at cause matrix Inte rence
sel ect edarerdetecedgr oup consi sting of active
pharmaceutical ingredients; buffers; salts;
preservatives; solubilizers; chelating agents; acids;
bases; SYRARRihoABIRPiMACI afﬁereﬁpﬂh}é @RirSotatELThRI &ﬁls@ﬁﬁtnx
conbi nations thereof. 6. The nethod of claim3 wherein
10t he ext rmterfienes aze seleqted Gpmexgnoup cansising ofacdvriphaimegeutical
filtration of th maceut | cal duc
met hod o*ngaq% en % v&% éﬁ% Phesergaté eﬁa&?o ol%gla TS; cﬁela-{mg agents; acids;
product b@es;fsupires finbhiciiggsolventd, Iptcﬁémeaﬂd aombingtions thereof.
pol yvi nyl i dene fl uoride m croporous nenbrane and
pol ypropyl ene support nenbrane. 8. The nethod of claim

3 wger e *i‘h§ H%t%'d%%ﬂlﬁﬁaf%ﬁéﬂeg@lhe Qf(?&jéﬂgﬁleé"ﬁ‘? fildel L& f,- g&?ables

t hrough a ter containin rosilicat ass

15m cr opor muedoedibyafikration ot’)ﬂieymphaylhmnsalgpmduct.
menbrane. 9. The nethod of claim3 wherein the

bi ophar maceuti cal product was filtered through a
fi I-yer CPRE RlefHodDIREiMPT RRY R Be BlophARRARHBATPRRIRN R as filtered

and through a filter containing polyvinylidene fluoride microporous membrane
and polypropylene support membrane.
20
8. The method of claim 3 wherein the biopharmaceutical product was filtered
through a filter containing borosilicate glass fiber microporous membrane

and polypropylene support membrane.

25 9. The method of claim 3 wherein the biopharmaceutical product was filtered
through a filter containing polypropylene microporous membrane and

polypropylene support membrane.

10.  The method of claim 3 wherein the biopharmaceutical product was filtered
30- through a filter containing polytetrafluoroethylene microporous membrane

and polypropylene support membrane.



pol ypr opyl ene support nenbrane. 10. The net hod of
cl aim 3 wherein the biopharmaceuti cal product was

w0 doveeesl t hrough a filter containing PCT/US2008/010026
pol yt etraf | uor oet hyl ene m croporous nenbrane and
pol ypropyl ene support nenbrane.3i. The net hod of claim
3 wherein the biopharmaceutical product was filtered
through a filter containing hydrophilic
pol yet herulfeaRf oTi i RPP VAR BE BicharAR R utical product was filtered
pol ypr opyl ene support nenbrane. 12. The nethog of
cl ai m 3 thineugh mfiltérecopiaming hyrdeophilicqmilygthassitl frnewaisraparous
contact with a prgce?s cont ai ner filn1coqprised of
ultra | ol HPRANCAN POTXPEORY PG PPRTS MY S ne vi nyl
al cohol copol yners; and ethyl ene vinyl acetate. 13.
The nethod of claim7 wherein the first 10 m nutes of

% helZanpThe msthedwasclaien 3 whogsin e higrbaemaqeutieal predyichyyas in contact

sampl ¢ | 3iRTIG68€ dodinat Al LOG MBS ORES 100 BB pofythylene;

A method 0 cting er ex

bi ophar npslgethiyleat vixtyd dicohsl, copolypiarsiang etisileng viny]uicetate.
chr omat ogr aphy- mass spectronetry (LCVS) to detect the
presence of extractables introduced by filtration in a

bi ophar mfe ety onFé?Hlva%vhe h%'ﬂ?%tclm{l%t&fdﬁﬁé SnifO%s diverted
of filter extractables are detected. 15. A nethod of
10det ect i ntp Wadt¢ befomxthe aernainingssampldisqudcesseaiabravigh she mass
products, conprjsing using liquid chromatography-mass
spectro n%f ) to detect the presence of an
extractabl es introduced by filtration in a
bi ophar maceuti cal product, wherein filter extractables
wi t .a nAgpetbpd gbdetectardiltergntractpllas indsgplarpageusical products,
detected, 16. .A neth f .det ing filter
ext r act abrBeriift RBERGy RGPy st Slectromety L M) 0
13usi ng | i geteét thdhprre@ice @i apiryctablssSingpéeded Byt iitidn-E\b)
to detect the presence of an_extractabl es, introduced
by filtrBopBymaseuios] Brodurtradersin eharagieraigdens qfiftlfe extractables
characte&%qﬁ&gﬁgetention times of filter extractables
are detected. 19. A net hod of detecting filter
extractabl es i n bi opharnmaceuti cal products,

15. A method of detecting filter extractables in biopharmaceutical products,
20 comprising using liquid chromatography-mass spectrometry (LCMS) to
detect the presence of an extractables introduced by filtration in a
biopharmaceutical product, wherein filter extractables with a mass of about

329.2 and about 357.2 M/Z are detected.

25 16. A method of detecting filter extractables in biopharmaceutical products,
comprising using liquid chromatography-mass spectrometry (LCMS) to
detect the presence of an extractables introduced by filtration in a
biopharmaceutical product, wherein characteristic retention times of filter
extractables are detected.
30
17. A method of detecting filter extractables in biopharmaceutical products,

comprising using liquid chromatography-mass spectrometry (LCMS) to



conprising using liquid chromatography-nmass
spectronetry (LCMS) todetect the presence of

wezimwaeRabl es i ntroduced by filtration in a  PCT/US2008/010026
bi ophar maceutical product, wherein filter extractables
wi th average retention tinmes otjabout 11.5 and about
12.4 mnutes are detected. 18. A nethod of detecting
filter extractabl es in biopharnaceutical products,
conpri si gétect(the pRISGRAIJfRUtractAfESIB0a8ceddYPikration in a
conprising: i) obtaining a reference sanple of )
bi ophar nhehaimaseutradgrasuct, waeradn Biehettractatlagiwith average retention
extracta ' b ' AN Ta M ing a
st andar dggn%r%to 5%‘?“%3*&3 rd a%’f) Iéﬂiei ﬁilgl?t?%%llercgeggeghce
sanple; iii) separating the reference sanple by liquid
chromat ography;. iv) diverting the reference sanple to
ast® f o% ethd jof detgeting fiierie¥ tragiablge IncbigpharmegeHtical products,
t he refegﬁg?,qsiﬁ npl e that cause matrix interference
with the detectton of filter extractables; and v)
pr ocessi (&) préparing matferenge sahplecoampssangl e t hr ough a
mass spectroneter tpo obtain a reference nmass spectrum
(b) propari ng DPhaiaimegsirence sampl o bigpharmacaial rpguct that
a test sanpl eygs gt RbARNPEIRERBIH: GRtoRIcOd UG Hilt AR, MY
contain extractables introduced by filtration; ii

IGepar at i ng t hdi) aéding s atapderdiypniainjng dxtrdntahles toghasigrence sample;
iii) diverting.the test ,sanple to waste for eri od )
of time to reRNEPuERTGHEdaRTScr R Helqtid Shpmstodtanhy:
cause matrix iWdEvdrahe tHeGeRirdrte shifprab &edstcodr 8pefibd bEfime to
extractabl es; and iv) processing tﬁe remai ni ng test )
sanpl e t hr ougFeraovegephtaspiaants dhiheaeference sarapls thaticayse matrix
Tass SPECtT UMy @iglel & wfif A Ao AP FEPLPRIRIE. HRPS
spectrumto the reference sanple nmass spectrumto

1det ect filter vppiocasimthe serhdiningaefetdice Saipleghrough a mass

spectrometer to obtain a reference mass spectrum;
(b) preparing a test sample, comprising:
1) obtaining a test sample of a biopharmaceutical product that may
contain extractables introduced by filtration;
20 il) separating the test sample by liquid chromatography;
iii) diverting the test sample to waste for a period of time to remove
contaminants in the test sample that cause matrix interference with
the detection of filter extractables; and
1v) processing the remaining test sample through a mass spectrometer
25 to obtain a test mass spectrum; and
©) comparing the test sample mass spectrum to the reference sample

mass spectrum to detect filter extractables in the test sample.



