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ELUANT RELATED APPLI CATI ON This application clains the
benefit of WO.2809%/R2P33%i si onal Application No. 560/ 966, 116PG¢T/USE08H10027
August 24, 2007. The entire teachings are incorporated by reference
herei n. BACKGROUND OF THE | NVENTI ON Filter devices are extensively
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following the filtration step ring Iter
devi ce i s subjrefetende hayeia. nodel sol vent that sinulates specific
chem cal effects of a pharmaceutical solution. Under this principle,
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identical to the actual contents o I opharmaceut1 ca
or purify proteins from biopharmaceutical products. During filtration, materials

10  from a filter device could be extracted into a product and affect its efficacy and
safety. The FDA requires the evaluationlof filter extractables for both human and
animal drug products.

The filter extractables are complex mixtures consisting primarily of low
concentrations of oligomers and additives of diverse physical and chemical

15  properties. Since the concentration of other components of the biopharmaceutical
product will be higher, the analytical signal for the filter extractables can be masked,
and therefore rendering their presence undetectable. Conventionally, 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.

20  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

25  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 (LCUYV), gas chromatography mass spectrometry



25 product. A "worst case scenario" can be created under aggressive
conditions where the filter extractables content is maxi m zed.
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during the tine ?eriodﬁﬁy way of a Iowloo? bet ween two adj acent
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embodi ment  of THAgekHVIGRY QprisB @lrEeting (R Qi RGwas tHe®maht to a port of the six-
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time period and directing flow of the calibrant liquid to waste after the time period

may be performed using a six-port injection valve. The method may comprise
directing flow of the calibrant liquid to the mass spectrometer during the time period
by way of a flow loop between two adjacent ports of the six-port injection valve.

25 In accordance with another embodiment of the invention, there is provided a
liquid chromatography diverter for reducing or eliminating matrix interfering
components in a biopharmaceutical product in a liquid chromatography-mass
spectrometry system. The liquid chromatography diverter comprises an eluant input
port of a six-port injection valve, the eluant input port being in a liquid flow

30  connection with a liquid chromatogaphy column; and a mass spectrometer output

port of the six-port injection valve, the mass spectrometer output port being in a



30 connection with a |iquid chromat ogaphy colum; and a nass
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to the mass spectrometer, and the source flow configuration directing flow of the
calibrant liquid to waste and forming a closed flow loop that includes the calibrant

flow loop.

BRIEF DESCRIPTION OF THE DRAWINGS

20 The foregoing will be apparent from the following more particular
description of example embodiments of the invention, as illustrated in the
accompanying drawings in which like reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale, efnphasis
instead being placed upon iltustrating embodiments of the present invention.

25 FIG. 1A is a schematic diagram of a liquid flow pattern when a conventional
injection valve is used in a liquid chromatography / mass spectrometry technigue,
with the injection valve in the “waste” setting.

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.



injection valve is used in a liquid chromatography / mass
spectrometry technique, with the injection valve in the "waste"
setting. WO20094203321B js a schematic di agram of a |i quPEI/F$26§/010027
pattern when the conventional injection valve of Fig. |Ais swtched
to the "source" setting. - 4 - FI G4-2A is a schematic diagram
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15 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,

DETAILED DESCRIPTION OF THE INVENTION

A description of example embodiments of the invention follows. The
20  teachings of all patents, published applications and references cited herein are
incorporated by reference in their entirety.

In accordance with an embodiment of the invention, there is provided a
liquid chromatography diverter, and a method for diversion of a liquid resulting
from liquid chromatography, that assists in reducing the presence of interfering

25  compounds in a sample that is to be analyzed by mass spectrometry. Such an
embodiment according to the invention allows a user to measure the amount of
extractables in a drug or biopharmaceutical product, by reducing the presence of
interfering compounds that could mask extractable peaks in the mass spectrometry
analysis.

30 By way of illustration of the liquid chromatography diverter according to an

embodiment of the invention, there is first described the use of a conventional



25 conpounds in a sanple that is to be analyzed by nass spectronetry.

Such an enbodi nent according to the invention allows a user to
measur e t h&OABYHP238f extractables in a drug or bi ophar HetBH984p027

product, by reducing the presence of interfering conpounds that could
mask extractable peaks in the mass spectrémetry analysis. 30By way of
Il lustration of the |liquid chromatography diverter according to an
enbodi nent of the . invention, there is first descrihed the use of a
conventi onal  injestion YalyedRea; sipilaropiexs. Copventignakinicstion walyes can be switched
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"wast e" setti n | o Lrectl r he fiyst. port to
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15spect r onet erintéddre Withanedsudemenbofahd éxXiraanablek. Ylithtdthé bawenfisrahsif-port
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The Stx-hort TFsam BHve.a e arts R e Suant HOws HisSetreh B P peh o
then flows to 195 % thtBeddnd port 106 ofihd vhFe AnktTRInE tHehy Q@Y & the Bisé 0Op
113 that is positioned in series flow relationship between the sixth

port 110 dAd &PecHPmgtepdt. Moamwhile pealirant higpid fipysvieom pepingerrampnt 12do a
port 107, the sl doBr(@\inting counter-clockwise around the six-port injection valve) 109 of the

valve. The calibrant liquid then flows to a sixth port 110, and from there through a
flow loop 113 that s 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

20  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

25  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 the “waste™ setting of FIG. 1A, some calibrant liquid is swept along with the
eluant as it flows through the flow loop 113. From the third port 107, the eluant

30  then flows to the second port 106, and then directly to the mass spectrometer 111.
Because some calibrant liquid is carried with the eluant, the calibrant liquid is

introduced to the mass spectrometer 111 along with the eluant, to allow mass



20liquid proceeds to a fourth port 108 and fromthere to waste 114.
FIG 1B is a schematic diagramof a liquid flow pattern when the
convent i onMO 2P E8B2on valve of FIG 1A is swtched to PHEUSZEHINEBT
setting. As in FIG 1A liquid initially flows fromthe punp 101, to
t he aut osanpler 102, and through the |iqubd chromat ography col umm 103
to produce the eluant 104, which is 25introduced into the first port
105. Wth the six-port valve in the "source" setting, the eluant 104
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Si x-port inject.i on va chromat ography eluant 104 is
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FIGS. I A and 1B. contrast, FIG I s a schemati'c diagram of
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chromatography eluant 204 at a port 207 that is adjacent to both the 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

20 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

25  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
the waste 214. Thus, in the “waste” setting, all of the interfering compounds, which
are present in the eluant 204, are likewise directed to waste 214 along with the

30  eluant; while the mass spectrometer 211 is receiving calibrant liquid only.

FIG. 2B is a schematic diagram of a liquid flow pattern through a liquid

chromatography diverter according to an embodiment of the invention, with the



15 valve of FIGS. | A and 1B, the diverter of FIGS. 2A and 2B i ncl udes
a flow |l oop 215 between adjacent ports of a six-port injection valve,
and introd%@e’é’"%"ﬁ%”?i qui d chromat ogr aphy el uant 204 at #B%%‘“sﬂﬂf}“”
that is adjacent to both the port 206 that |eads to the nass
spectronmeter 211 and the port 208 that |ed@ds to the waste 214. In the
"waste" setting, calibrant liquid flows fromthe syringe punp 212
into the fifth 20 port 209 of a six-port injection valve, and from

there to the dlivarigr puthe “sonmce” setting Hees, td ¢hunt30gorasips From the didien
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interfering conpounds, which are present “in the el uant ,

| i kewi se di r edlosdng Fomdhe eyringd pumpAd?2 v ditectetl roBodke didikt port/dii9i te therfourth
mass spectro . [ | Vi lL,i brant liquid only. FIG 2B is
a schematic gﬁggrzgrgﬁ]%’# fgonﬁlﬁ%% % \?%Bev?gattern through a liquid

chr omat ogid@phy di vélsingrthadivertsti afghd antauaireerd of FIGS 12 A0dnd 2R thenwadvdt ¢anirbe
with the - 7 -.diverter in the "spurce., setti Here, .the el uant
204 emer gi ng PRSI Mg STEPYs AT BPishinp oRQHPETRes i Wpee t sting of
third port 20TFIGIZA bid theresitr&st se@ink b€ FRR OB Hpoder, 208ke tldedhhiyie Liigg e
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port 208, andtHermwasteeetng forwdmep2ibd, suth bl iforgextinpledihedirsigen mimtidsenf
enbodi ment  of ligllxi%hm%npétc?gr}gph%%’luatnpﬁo»\'{/a—l c}{l?ing erfmicl?netime most or nearly all of the
compounds are eluted that interfere with, or are incompatible with, mass
20 spectrometry measurement of 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
extractables without interference from the interfering compounds. Thus, the liquid
25  chromatography diverter of FIGS. 2A and 2B allows more accurate detection and
measurement of the presence of extractables in a drug or biopharmaceutical sample,
In accordance with the embodiment of FIGS. 2A and 2B, the time period
during which the diverter is in the “waste” mode and liquid chromatography eluant
is sent directly to waste may be determined by analyzing the times at which most of
30  the interfering compounds are eluted, by comparison with the times at which the

extractables are eluted. For example, a mass spectrometry peak for the interfering

compounds may be observed over a certain time period, followed by the appearance
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extractables in the actual drug product provides an accurate characterization of the
30  extractables profile likely to be introduced to the human or animal patient by the

processed biopharmaceutical product.



20An enbodi nent according to the invention, in which the foregoing
diverter may be used, is a technique for using liquid

chr omat ogr #9¢B8S2Zspect ronetry to detect the presenceP@F/US2008/010027
extractabl es in a biopharnaceutical product, such as filter
extractabl es introduced by filtration of -&-bi opharnmaceuti cal product
or other extractables that may arise from product-contacting
materials in the manufacturing 25and processing of the .
bi ophar maceuti cal pPwohodimentiof Hds jnversiondsa mefhod of detgeting wxtraciablenin a
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extractabl es speptaeterite obtginaareferense masespepiowmss fimpilasly; 8 tasheample is
separated by |jguid Ghr i 4.0on,
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ol e 1 or odusSBfiink S RELE Nbu Pt TR 58 fock i SaS tecsit o
mass spect r umsampRl Fallbyingahd &phrafianPhetchtSaRpRASGRrtedldarisestor 8 pefiddEof

is the biopharmaceutical product that may contain 10 extractabl es,
i ntroduced by %09 P TEPPFOFIPOPRRES Bt G Frat ?ﬁﬁﬂﬁ%ﬂlﬂhﬁ&flswm&wa‘?r%gﬁ With the

manuf act uri ng defeef@SSr thé) @k@titatid < ThélrepdMi AR QA RRYis ?%c@%@ﬂ' thrBugh a mass
separate the test sanple. Follow ng the separation, the test sanple
is divertdd tepsiromester & obiaipartps enass spectiemt dhe sosrnPOMPHHEAEM 15 t he
test sanple t i '?Egr i i

extractabl es. Q%@@%ﬁ%ﬁhﬁ%}e %és é%%%%s’kﬁ%ct%@e\%g dﬁllfe' ?%E%%rbar%fﬁsaeégg
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i ntroduced by filtration ,o% t he bi op%ar maceut i cal product, I n another
enbodi nmen 0 tﬁ%“‘_@’%‘f”i‘%ﬁ’?&ﬁ‘? T guffacgpu Nadiliailviad s 9€8HER from 20
equi prent,  MabgphahhelticAllbrbe® or 1@ FhelBicTBRb] ACHIENRs Ntk PIrRGASSy t he
bi ophar maceuti cal product ‘or internediates, such as plastics. In a

particul arly prefsreadresebodimeidi the filter exiractiibles ean beyfram pelaptopsleaaPHe
from polypro : Vi | | de
(PVDF) 1 o op St iherhbradtin Qb FRBERRRRAAE (PP Mo B SR
filters and mévbh anfremicotherertihldy anamteble filters and membranes under the name

25  Durapore® (Millipore® Corporation)).

In another embodiment of the invention, the quantity of the extractables
present in the biopharmaceutical product by LCMS can be determined.
Another embodiment of the invention is directed to a method of using liquid
chromatography-mass spectrometry (LCMS) to detect filter extractables using
30  characteristic retention times of filter extractables. A further embodiment is to use

average retention times of about 11.5 and about 12.4 minutes.



25Dur apore(r) (M Ilipore(r) Corporation)). I n anot her

enbodi mrent of the invention, the quantity of the extractabl es present
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chr omat ogr aphy-mass spectronetry (LCVS) 1 detect filter extractables
usi ng 30characteristic retention tinmes of filter extractables. A
further enbodinent is to use average retention tinmes of about 11.5
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shoul d occur atrastetfelldwingd(C seipmtlpmssiepemiemaimneha tyee Bf ﬁbetr used, dhet
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froma group gqaebat EREdTFon? el INS sBh Al B et eﬁ%dlh@wcﬁdh@m&uon the
buffering agent s; salts; preservatives; solubilizers; chel atlng
agents; acids ,peb@fé@%ﬁm% wgmtg 10@@1@?@ ke, anpidigr srakagimeniethe dinsrsien foovaste
thereof. The q_bﬁg Adm ni stration (FDA) requires eval uation
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used to extract, the actabl es fr.o i lter dev ce woul d
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ingredients; buffering agents; salts; preservatives; solubilizers; chelating agents;

acids; bases; sugars; proteins, peptides, and combinations thereof.
The Food and Drug Administration (FDA) requires evaluation of filter

20 extractables during the approval process for a drug intended for human or animal
use. According to the FDA, the solvent used to extract the filter extractables from
the filter device would ideally be the drug product itself, thus obtaining the same
qualitative exfraction profile (Guidance for Industry: “The Container Closure
Systems for Packaging Human Drugs and Biologics.” 1999; Attachment C:

25  Extraction Studies). However, detection of the filter extractables is difficult to
accomplish in the actual biopharmaceutical solution, largely because the
concentration of the filter extractables in the filtered drug product is often orders of
magnitude Jower than that of other components of the solution. To circumvent this
analytical obstacle, the current method for filter extractables detection is achieved

30 through the Model Stream Approach (Stone, T.E.; Goel, V.; Leszczak, J.
Pharmaceutical Tech. 1994, 116-130). In this protocol, a surrogate solvent system

is employed to subject the filtration device to extreme chemical conditions, which



qualitative extraction profile (Quidance for Industry: "The Contai ner
Cl osure Systenms for Packagi ng Human Drugs and Bi ol ogics." 1999;
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roduct ejfher due to limted
P u 5(5 u Convenltlonzh methods, such as LCUV and FTIR, are not capable of

detecting extractables directly in a biopharmaceutical product either due to limited
sensitivity or severe matrix interference. However, detection of extractables can
now be achieved directly in the biopharmaceutical product according to the methods
of this invention due to the discovery of a method and system for reducing or

25  eliminating matrix interference. Reduction or elimination of component(s) within
the biopharmaceutical product that contribute to matrix interference will allow for
the detection of low or trace levels of extractables using mass spectrometry that
would otherwise be masked by the interfering components. By applying the
methods of the invention, detection of the filter extractables in biopharmaceutical

30  products is now possible, and thus effectively provides an unmet need in the

industry testing and reporting to the FDA.



sensitivity or severe matrix interference. However, detection of
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undergo chem cal change in the manufacture of the drug product and be
present in treatment, or prevention of disease, or to affect the structure or any function of the

body of man or of animals. The term “API” includes those components that may
undergo chemical change in the manufacture of the drug product and be present in
25  the drug product in a modified form intended to furnish the specified activity or
effect. Examples of API suitable for use with the present invention, include but is
not limited to, small organic molecules, large organic molecules, nucleic acids,
amino acids, and proteins. The small organic molecules typically have a molecular
weight under 500 Daltons, while the large organic molecules exceed 500 Daltons.
30  Matrix interference is often more severe when large organic molecules are present.

When large organic molecules are present, it may be necessary to include a
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25 filtration when the biopharmaceutical product is passed through a filter device.

Filter devices are used to remove particles and microorganisms or purify proteins
from biopharmaceutical products. Representative examples include polyvinylidene
fluoride (PVDF) microporous membranes and polypropylene (PP) support
membranes such as the Millipore® Durapore® filter; borosilicate glass fiber

30  microporous membranes and polypropylene support membranes such as the
Millipore® Lifegard® filter; polypropylene microporous membranes and

polypropylene (PP) support membranes such as the Miltipore® Polygard® filter;



30 mi croporous nmenbranes and pol ypropyl ene support menbranes such as
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production, b t 0_whi ahw rac les gstandard i s adsled. . Fok
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extractabl es standard i s added. The extract abl S,s ﬁt andard js a

m xture of extract ABf Btheg fprdatecting exfzactables dpya Liogpharmageytical product

bi ophar maceut ifidlveR tQringt the HlaSspebiea é’fsaeteé%fsaxﬁ?l'éttd') & WralenSORLIE eAs Hed
filter device. The extractables standard profile for a

product - cdht abereingthenrefereace saqpley iag sample of the biphpuraceyiingl proguct that is
e I g L Ty
(i ncl udi ng exexterttables sppedat iy axi;l,edeﬁbrreanampmheacﬁgmpe sunple eat bevasample
of the biopharmaceutical product that has not been filtered and to which an
extractables standard is added. The extractables standard is a mixture of extractables
20  that can be introduced into a biopharmaceutical product through the use of particular
container or filter device. The extractables standard profile for a product-contacting
material, such as a filter device, would be determined by previously established
methods. For example, the Model Stream Approach can be applied, under a wide
range of conditions (including extreme temperatures, extreme pH ranges, or reactive
25  solvents including organic solvents, long extraction times, repetition of autoclave
cycles) to a particular component of the production process, such as a filter device.
The solvent of choice will be selected to mimic the solvent in the biopharmaceutical
product to be tested. In many instances, water or other aqueous solvents will be the
solvent of choice because most biopharmaceutical products are present in aqueous
30 medium. Analysis of the components found during this process can indicate the

chemicals that can be extracted or leached from the materials used in the production

of the biopharmaceutical product and provide an extractables profile in the
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15diluted to achieve an appropriate concentration before injection

into the LOvsmethods of this igyentionn Qaearediyidionjnalyring:be conpertpignalehq he
reference andel@skab?@MR hiRel g&%ﬂ&ngﬁaﬁ-banaﬁﬂ;g@s_iaua%h@sie.h @%amf;l@ﬁggr be

stationary phase, flow rate, tenperature and injection volunme s
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peparation, i 529 fa B A8y LA oSO8 KoLl SphoEl L,
cause matri x imieperfdentdyn CEhe mbbitdphasdsethe etadenary phasefow est¢, terepdratdre and
execution suc ri]njécq{%gl vo ulniieas lm?ldq)aeto%ﬁr_nized during the method development. Following
the LC separation, the sample eluent is diverted to waste for a period of time. The
20  diversion process removes or reduces components that can cause matrix
interference, which interferes with the test method execution such that reliable data
cannot be generated. -Matrix interference is caused by samples with extreme pH
values, high salt concentrations, reactive chemical constituents, or high
concentrations of non-target compounds. The following paragraphs describe the
25  general categories of biopharmaceutical product components that can cause matrix
interference.

The Active Pharmaceutical Ingredient (API) of the biopharmaceutical
product is a source of matrix interference. In some situations, the API elutes at an
earlier time than the target exfractable, and can be diverted away from the MS using

30  the methods for diversion as described herein.
Another common cause of matrix interference are buffering agents. A list of

possible buffering agents includes but is not limited to ACES, acetate, ADA,
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(especially sodium and potassiumy), alkaline earth metal salts (especially calcium and

20  magnesium), aluminum salts and ammonium salts, as well as salts made from
physiologically acceptable organic bases such as trimethylamine, triethylamine,
morpholine, pyridine, piperidine, picoline, dicyclohexylamine, N,N’-
dibenzylethylenediamine, 2-hydroxyethylamine, bis-(2-hydroxyethyl)amine, tri-(2-
hydroxyethyl)amine, procaine, dibenzylpiperidine, dehydroabietylamine, N,N”-

25  bisdehydroabietylamine, glucamine, N-methylglucamine, collidine, quinine,
quinoline, and basic amino acid such as lysine and arginine are also included.

Preservatives are often added to biopharmaceutical products to lengthen the

shelf live. A representative list includes ascorbic acid, benzoic acid, benzyl alcohol,
benzylalkonium chloride, erythorbic acid, propionic acid, sorbic acid,

30 thiodipropionic acid, ascorbyl palmitate, butylated hydroxyanisole, butylated
hydroxytoluene, calcium ascorbate, calcium propionate, calcium sorbate, dilauryl

thiodipropionate, gum guaiac, methylparaben, metabisulfite, m-cresol, paraben,
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o ed to. gt Babropyl A oIS, ekt oR St o siiate
chl ori de, sodium citrate, sodium diacetate, sodium gluconate, sodium hexametaphosphate,

15 sodium metaphosphate, sodium phosphate, sodium pyrophosphate, tetra sodium
pyrophosphate, sodium tarirate, sodium potassium tartrate, sodium thiosulfate,
sodium tripolyphosphate, stearyl citrate, and tetrasodium ethylenediamine
tetraacetate.

Acid and bases are often added to biopharmaceutical products to adjust pH

20  orto enhance efficacy, but their presence is a source of matrix interference.
Representative acids includes nitric acid, hydrochloric acid, sulfuric acid, perchloric
acid, hydrobromic acid, hydroiodic acid, acetic acid, ascorbic acid, boric acid,
butanoic actd, carbonic acid, citric acid, formic acid heptanoic acid, hexanoic acid,
hydrocyanic acid, hydrofluoric acid, lactic acid, nitrous acid, octanoic acid, oxalic

25  acid, pentanoic acid, phosphoric acid, propanoic acid, sulfurous acid, and uric acid.
Representative bases include lithium hydroxide, sodium hydroxide, potassium
hydroxide, magnesium hydroxide, calcium hydroxide, alanine, ammonia,
dimethylamine, ethylamine, glycine, hydrazine, methylamine, and trimethylamine.

Sugars, including glucose (dextrose), fructose, galactose, ribose, sucrose,

30 lactose, maltose, trehalose, cellobiose, arabitol, erythritol, glycerol, isomalt, lactitol,

maltitol, mannitol, sorbitol, and xylitol, proteins such as albumin, and peptides can

all be sources of matrix interference
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i mredi at elly abiophampseyticglipradedir dhaiong fasdyn Seapferance massapesioun are due
to the extractables standard added to the reference sample before injection into the
LCMS.

Similarly, the remaining test sample is processed through a mass
spectrometer to obtain a test mass spectrum. The test mass spectrum is an intensity

20 vs. m/z (mass-to-charge ratio) plot for the test sample, that is, the biopharmaceutical
product that has been in contact with a container or filtration device, and therefore
may contain extractables. The test sample mass spectrum is compared to the
reference sample mass spectrum to detect the presence or absence of the filter
extractables in the test sample. The ions, if found, in the test mass spectrum are due

25  to the extractables leached from the material during the production of the
biopharmaceutical product.

The appearance of peak(s) in the LC chromatogram or mass spectrum of the
sample indicates that the extractable is present. The detection of the extractables is
accomplished by discovering the presence of peak(s}) in either the LC chromatogram

30 orthe mass spectrum. Comparing the test mass spectrum and the reference sample
mass spectrum will indicate the presence or absence of the extractables in the test

sample. Peaks that appear in both the reference and test mass spectra will be taken
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sanple. The ions, if found, in the test nass spectrumare due 25 to
the extractables | eached fromthe material during the production of

t he bi ophar magBuinpleal: If0I&iBiCdnd Detection bfRiIRPBRAGAAEEs Of peak(s) in the
LC chromat ogram or nass,  spectrum of the sanple indicates that the
extractabl e i s predeHewingpa agtactave cye of 126R¢ fen@( miny alPanch G22pm

acconpl i shed ' [ {-NCs) ' ' r the LC
e oo DA AU I SRS LB 4 Bufle Bt M
spect rum afd thheaposs arelridilii eeginiaed apdstarksofthe Millipdieoc@drporation,
presence or absence of the extractables in the tgst sa Peaks

| e.
that appear imb8i% Mie &pRiFelmas Pé‘fi’&refié’_éiﬂlgr?ﬁiélé'(%p‘é@?"rgﬁk}&%f}w’(ﬂtﬁf&l&@fﬁ
- 19 - to indiggat.geldRAiBbES en&%oﬁitioh@@elfe'tﬁén%aﬁé%an ﬁ,;hg.ﬁbaﬁm;g@esﬁ&u%

bi ophar maceuti cal product. Peaks that appear | e reference
mass spect r umandpsis, dalnted HO tinesstusimg MdillsHE cwatemrhefibrk linjbationditethde DCMS.

i ndi cate the absen of .t filter .extractables in th
bi ophar maceut i cal %ﬁ%‘éﬂi&'{ G A8t ﬁ_lérba%erﬂ?ﬁg F‘?FSHP%&F“P%?@“WE‘F?&&?*’F@ apd, the
quantify, 20r deditestniwientcompatedivgth the control, the extractables was found to contain two

peaks characteristics to the Durapore® filter, The mass spectrum of the species
responsible for the two peaks seen in the chromatogram of FIG. 3 is depicted in FIG.
4. The peaks at M/Z 329 and 357 comrespond fo compounds known to originate
from the filter extractables. The peaks were tentatively identified as phenolic-type
25  of antioxidants used in the membrane manufacturing process. Since these
compounds exist at extremely low concentrations, LCMS provides the best mode for

detection of their presence.

Example 2 and 3- Isolation and Detection of Filter Exitractables in a

30  Biopharmaceutical Product



of discrete filter extractables as well as the concentration at which
the total extractables is present in the biopharmaceutical product.
The quant i PGHPYEA2R2t ep can i ncl ude nmeasurenent of peakPEEUGINIK0IPGR7
the LC chromatogram 10 EXEMPLI FI CATI ON Exanple |I: Isolation and
Detection of Filter Extractables F@0l-owi ng an autocl ave cycle
of 126C for 60 mm a 10-inch 0.22pm Durapore(r) filter was extracted
in MITi-Qr) water for 24 h at anbient tenperature. 15Durapore(lr)
and M11i-Qr) areDregpedustewererspkedwithgnekiragiabled staridgrsias ppm levels. In
Cor poration, Bil i t . i.ng. I )
wator w t nout TGS RecnMtarpfoARe o s BE FRRAREurk il BRiclet sontkE
wer e t hen anabipphatmayeutioal-profut,iand theasholsampdnalinjsctad indo thetldiM30 Afithes

using MI1Ti-Qr). wat efaore.ipjection.d.nto the L Shown i | G
5 are the baseriliRbdhe SaRsinefnGio ik Pelaamret e Hey Dore
control . Wenbeaghgécedti. Wi th the control, the extractables was found

to contain two peaj'ﬁg ch racgﬁ{ei tics to the Durapore(r) filter. The
mass spectrum of the® SYEEy & oEfms phthe exgactalies siankdardsadmg n

t he chronat ogpaRu&fank tHe sl Moldent 65K dhlk frbfict &pikdGitk ?rﬁge?(htrtﬁﬂ%@fég

329 and 357 correspond to conpounds known to originate
filter extracstailaas(FIGhe smadlasolperle KliEn6duige solequiidnThé rasultssdemonstrated

phenol i c-type . I OX] u i a ufact urin
brocess. S| nelafabiP SR Sok TR Rl TR R BBt Bt
LCVS pr ovl@esthe Weughiegtedivntién therspiet eahples This tietiod vaisepplitadero a wide range
s e U A B RSB el A SRR il 2o
Wi th an ext r aggplibatRms.s ThOghathddalloWwedTdr @it tithé vérfReatioh SLthEPIBEHck @r
application, amno acids or proteins are precipitated fromthe

bi ophar maceut 3%81ce ¥ Gfuredractabls diely ihbedipphpansegutic] mededt: Imeatiape
LCVE. At the saRBfiHeBnvidiensiensQHbes ?cgr%&ﬂ‘@éfécti%ﬂ! king were

pr epar ed 1tshe sanme way before 5being injected.

While this invention has been particularly shown and described with
references to example embodiments thereof;, it will be understood by those skilled in
the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



The overlay of the chromatograns of the extractabl es standard, a drug
product and the small nol ecul e-based drug product spiked with the
extractabl es standard (FIG 5: small nolecule; FIG 6: |arge

nol ecul e). The results denonstrated that despite matrix suppression,
the extractables could be detected in the presence of 10 the drug
ingredients in the spiked sanples. Thixg nethod was applied to a w de
range of biopharmaceutical ingredients and showed to be sensitive and
robust for nost applications. The nmethod allowed for the first tine
verification of the presence or absgpeagf the extractables directly
in the biopharmaceutical product. In contrast, none of the
conventional nethods allows for such detection. 15 VWile this

i nventi .particularly shown and described with references
to exangpgﬂgﬁﬁgﬁgﬁghts thereof, it will be understood by those
skilled in the art that various changes in formand details may be
made therein wtho departing fromthe scope.of the inpvention
encompadsed By te pfERa RS Maf S eRE R bGP R E o ai med
is: 1. A net bghdmacsuschl piodact i a Biuidthramatograpithasy spaoireméey 4y8@m to

conponents in a.bjopharnaceutical product in a l.iquid
chr omat ograpﬁ‘f}’:“r‘ltsf]segegg‘ﬁ’e {heTEepsy of gu £EFRclal ep‘é’?’fﬁ’flﬂﬁret ection of the

pre_senc]ceI of a][l exdifulaﬁﬁgaﬂalvﬁste@wﬁ'rfﬂd%goﬁqn elu_agt dﬁ%]evgﬁg frong lih@iﬁV\laS]'E e the
entire flow of an eluant, emerging fromljquid chronatography of a .
sanmpl e conpr F@Pﬁ&ogﬁé‘}mféﬁﬁfé?]%ﬁ%‘gﬂ?ﬁ%me b’g%ﬂﬁ‘@fc,e“‘l‘%flprﬁ 45t HRE BiERE Beiiodo
reduce or rep¥@ice ofRARONESoRalts hatkaBsd Rdthk MtdrRiAtd ©201R6R: hiffidient to
degree sufficient to allow a desired accuracy in detection of the

ext r act abl e; aligyya desired acgpragy inidrtectiqnaf thesxireriiblgprdect i ng the entire

flow of the el uanifiet Me &m¥ReS0od BREL:HE MR AireRwAF 1R bt S BRARS §RECoRSter
the extractable. 2. A nmethod according to aim1, further conprising

di recting fl|@Wetset the prgsanpg efifke ¢xtigetablet o t he mass spectroneter during
the time period. 3. A nethod according to Claim2, further conprising

directing flow of the calibrant |iquid
A method according to Claim 1, further comprising directing flow of a calibrant liquid to

the mass spectrometer during the time period.

3. A method according to Claim 2, further comprising directing flow of the calibrant liquid

to waste after the time period.

4, A method according to Claim I, wherein diverting the eluant to waste during the time
period and directing the eluant to the mass spectrometer after the time period are

performed using a six-port injection valve.

5. A method according to Claim 4, comprising directing the entire flow of the eluant to a
port of the six-post injection valve that is adjacent to both (i) a port from which liquid
flows directly to a mass spectrometer; and (ii) a port from which liquid flows directly to

waste.

6. A method according to Claim 3, wherein diverting the eluant to waste during the time
period and directing the eluant to the mass spectrometer after the time period are

performed using a six-port injection valve.



to waste after the tinme period. 4. A nmethod according to Claim1,
wherein diverting the eluant to waste during the tinme period and
directing the eluant to the nmass spectroneter after the tinme period
are perforned using a six-port injection valve. 5. A nmethod according
to Claim4, conprising directing the entire flow of the eluant to a
port of the six-port injection valve that is adjacent to both (i) a
port fromwhich liquid flows directly22e a nass spectroneter; and
(ii) a poit fromwhich liquid flows directly to waste. 6. A nethod
according to Claim3, wherein diverting the eluant to waste during
the tine period and directing the eluant to the nass spectroneter
after t We t i demgtbed adomding tpElain fvedhpasing directiog shepotire fiowj ot drntsalave.
- 22 - I 1

ntire fiow B Ppde BRaaravpsiol fyst Bullh SR BOF flee itk iy
that is adj aflews direwtlpdd :hm@ss)spatrpmetbr fandfin) wipbat tﬂroinl wiucldhquhd)ﬂsmmldlree@ foy
to a nass spectroneter; and (ii) a port fromwhich liquid fl ows
directly to Waste. 8. A nethod according to Claim?7, wherein
directing flow of the calibrant quuid to the nmass spectroneter

during the ti eriod.an i rectin ow of _t he ran dto
st 6t or | (HBSRed ArCoTe S Clalrs T it S s PG CEE Pt Byt b e
val ve. 9. A m&@@ﬂetm&hgmgnie@eﬁlcﬁdxﬂ\d&cctﬁ@mw it adba@Qighidgo Wagyy of
t he cali brant uid to % a ectroneter, during the tinme period
by way of a ?frﬁis\w P HEPRT D ﬁap%wﬁtmﬁ ediopialifie si x- port

i njection valve.
9. A method according to Claim 8, comprising directing flow of the calibrant liguid to the
mass spectrometer during the time period by way of a flow loop between two adjacent

ports of the six-port injection valve.



