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t her api es have been applied to the treatnent of autoi mmune di sorders such
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(certolizumab pegol), a PEGyl ated Fab fragnent, have been approved by the
FDA for 25treatnent of rheumatoid arthritis. CIVIZIA) is also used for the
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the treatment of rheumatoid arthritis and othcr autmmmune disorders such as CD, not all

subjects treated respond, or respond well, (o such therapy. Morgover, adminisiration of
TNFa inhibitors can induce an immune response o the drug and lead to the production of
30 autoantibodies such as human anti-chimeric antibodies (HACA), human anti-humanized
antibodies (HAHA), and human anti-mouse antibodies (HAMA). Such HACA, HAHA, or
HAMA mmmune responses can be assoctated with hypersensitive reactions and dramatic
changes in pharmacokinetics and biodistribution of the mmmunotherapeutic TNFa inhibitor

that prechude further treatment with the drug. Thus, there is a need in the art for assays to
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of the free | abel ed biologic binding noiety peak follow ng size exclusion
chromat ography (SEC)); and (d) conparing the |level of the free | abel ed

bi ol ogi ¢ Wondiangesroi ety nmeasure( in step (e) to the |evecCTafS2ieesvabel ed
bi ol ogic binding noiety in a control sanple S(e.g., by neasuring the ALIC
of the free | abel ed biologic binding noiety peak foI | owi ng SEC of a
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bi ol ogi ¢ BFAG! i"né“’ﬁ’ﬁ‘r P PR AT PRt # §?§%"5(aﬁ) Fs the same or substantially
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| abel eid co npl ex to size 30exclusion chromatography to separate them from
free (F “??Pibound) | abel ed bi ol ogi ¢ binding noiety, free |abel ed
bIO|OgIC and/ or a conplex of | abeled biologic and | abel ed bi ol ogi ¢ bi ndi ng
noi ety; (dYC0%badtiPIeyPachéne nagrert ipfentiprarovigerat mefhpl BF 8y BIRdTHEISol et v
after si Z%n@?&?&h‘;@g%‘d Sﬂ(o%%h@gf aﬁ{éh’b!m(& &3 aut&é[tﬁ;%&?%ﬂf bipdok Rea 8GR wnder the
curve (MX) of free |abel ed biol ogic bind i ng nmoi ety peak fol 'owi ng size
excl usi on n@fﬁ?‘@rﬁ’ﬁf“@@ﬁ@éﬁhy (SEC)); and (d)conparing the |level of free | abel ed
bi ol ogi c bindi ng MOl SlYEASULGHL fth #1801 6ibidh A DRIRLbEAL! EYEh Of
percent of free | abe ogi c bind ing noiety In 5a contr sarrpTe (e.0.,
by med@8uring and nokrpatvitzimg: t he ALIC of the free | abel ed biol ogic binding
noi ety peak foll ow S f; L ] ree

| abel ed bi ol ogi c bl(g\gl ng%r%%l ‘g)?%/@dt%oﬁgﬁ%]g @%bﬁg& ,? rnm Ee)ErQ)I(f)eén of free
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and/or

25 (1)  asccond labeled complex (i.e., mommuno-complex or conjugate) of the
fabeled biologic, the labeled biologic binding moiety, and the
autoantibody (7 e., wherein the components of the second labeled
complex are not covalently attached to cach other);

(b} subjecting the first labeled complex and/or the second labeled complex to size

30 exclusion chromatography to separate them from free (i.e., unbound) labeled

biologic binding moiety, free labeled biologic, and/or a complex of labeled
biologic and labeled biologic binding moiety;
{c} measuring the level of free labeled biologic binding moicty after size

exchision chromatography (e.g., by measuring the area under the curve (AUC)



10corresponds to the |level or percent of a neutralizing formof the

aut oanti body. [0011] In sone enbodi nents, the difference between the

nor mal i zewlol2e184l06810 percent of the free | abel ed bi ol ogi @Chiusdin®y43me4 ety in
the control sanmple and the | evel of free | abel ed biol ogic binding noiety
measured in step (c) corresponds to the Ievel or percent of a

e a2 AUl AU A0S LAY AT PORA Bl BT aspect
neutralizing forn1oﬂu@mn@pmﬂameﬁpﬂyMto a flrst bIO|OgIC IS cross reactive

with a second ( dlffer 0 d comprising (a

det ecting or sur?ﬁﬁ“?ﬁ%tﬁﬁég 3%19 g@%%ﬂ%%ﬂe ?bgﬁg ?“‘“ZgWFgg?izing
formof the aut oant dtyadytoitie Ea‘wﬁaﬂﬁééﬂdibdkd&ﬁsﬁi@gidaﬂﬁﬁg\m‘ﬁ@& an: assaysageRcri bed
her ei n to determ ne mh ther the sanple.is tive for the
et T % 21 g for m o 4 K& SRR EREOGY o BT POt LSBT BOsPEve T or
the neutralizing fopmefhyshe tﬁ@ﬁ@@fﬂﬂmﬂ@ﬁyﬁ,Lb;'i‘t@ilﬂmg,(ub% feeniRetibhgodhe sanpl e
with a | abel ed second biologic to forma | abel ed npl ex . of the 1 abel ed

second bi ol ogi ¢ and’t4ige Hesbpdhi ey iecsrmbeprepae Q%WBW%WW §i-e

wherein the conponq&hgmg%%gm@nbﬁ@@hﬁ@nﬁg l ex are not covalently attached
to each other); (c) subjecting the | abeled conplex to size exclusion

chr omat ogrggby m&@&%%&nm@ 4 ahebed. commbete 6@:093t1b0<ﬁ§@@btfe&é‘@w habel ed
second bIO|OgIC d (d) detectlng the | abeled ¢ onpl ex, thereby

det er tni gy I f)ffé? fraﬂ frbitd Epiogic Ay iseraeiny éi‘f”&’r‘ledaéﬂtﬁ@ﬁn@ ipBEgERTa fir st

bi ol ogi ¢ 'Q§b&@dn§§§v theakdd d\é%g\%\tcllqopth§ ?rg@ﬁgd&! &Li‘égﬂc%mdﬁn%%bw kDenC 8E4RE N

enbodi ments, the ‘presence of the |abeled conpléx is an indication that the
neutral i zﬁﬁgpiautwﬁmﬂbé@yvra@aﬁim@w # Hen- ﬁ¢mr§tlzibg Slrogi &ciagtogrtdsdy peact i ve with
the secondg, 0 c H&.
neutral|z%h§¥§%%g%ﬁ%|8§§%93ggf ?%%%E@Q?Q%%ﬁggh nqghimu%“ﬁgl}ﬁgq §ﬁd second
b|oIoglcawadmugéwwi@@%&Pﬁh%y@Enﬁsﬁhmubhmﬁ%Bnbmdﬁnndﬁ®COWh@wéhgémbedof t he

| abel eig €Q 1"%)& H'de%g'b oi}q“i» éilltldn?rlmg mtdg wﬂ?cﬁt %rﬁ)eil zi ng aut oanti body ?‘ga' nst

the first gicrs not’cros 2react| ve 5second biologic, i.e.
E)Ihgl SSIUE: gﬁéé&ét ngn ﬁ%‘h%?gstplegoiqg pﬁ%’kgnli 11108&11011 rlpcgvl? el a Er!}%oq(fér n\{éagx nng ihe:[ E@xeei Secon
or pc,rmm of a neutralizing form of an autoantibody to a biologic in a sample, the method

corpprising:
{a} contacting the sample with a labeled biologic and a labeled biologic binding
20 moiety to form:

(1) a first labeled complex (Ve., immuno-complex or conjugate) of the
labeled biologic and the autoantibody (i.e., wherein the components of
the first labeled complex are not covalently attached to each other);
and/or

25 (1)  asccond labeled complex (i.e., mmomuno-complex or conjugate) of the

fabeled biologic, the labeled biclogic binding moiety, and the
autoantibody (7 e., wherein the components of the second labeled
complex are not covalently attached to cach other);
(b} subjecting the first labeled complex and/or the second labeled complex to size
3¢ exclusion chromatography to separate them from free (i.e., unbound) labeled
biologic binding moiety, free labeled biologic, and/or a complex of labeled
biologic and labeled biologic binding moiety;
{c} measuring the level of free labeled biologic binding moicty after size

exchision chromatography (e.g., by measuring the area under the curve (AUC)



100151 in sone enbodi nents, the biologic includes antibodies (e.q,,

anti - TNFa nonocl onal anti bodies), antibody fragnents, proteins (e.g.,

cyt oki nesweureots/mssiont er | euki ns), pol ypepti des, pepti desPCTUS2@R/0g5704 ei ns,
mul tival ent binding proteins, antibody-drug conjugates, vaccines, 10nucleic
aci ds, sugars, reconbinant forns ther eof , engi neered forns thereof, and
gfgghnaglefﬂfrl t ger eOft theligge elled%loq ;glc {)mgmo mmet;sn%‘i iolgowruéo%%%pvxdulxiél gl \gg:ﬂce
therapy. In prefer riﬂﬁ)lm&tﬂmﬂfﬂs)}, dnlie sanple is serum In particular
enbodi nents, th sub ect. h S armeafg ak d*\srorbde{ such as “e"’$' -1y

aut oi mune 15diGeas® Ttpémégt R UL G AY PRI S GRI R TSRET BriPdi sease
(e.g., inflammatorychoweloreiiseateci(ok Bkt utheaisblddahistogic dingRaseidh) or

ul ceratlve colitis (ti CL Fe cancer. 100171 In certa# ﬁﬁb?gl}rrents t he
sanpl e“has or is susPEEPEGMSI REv “‘hﬁw%ﬁ“%i‘%‘a‘ﬁf‘?}ﬁbﬁgt vAPhe bioSgi c. In
ot her enbodi nents, Rhgeduiol :9@ll\ﬁie}axvuﬁ((?@ﬂbécmﬂ]ym’l1ﬂs€BEﬂ%Sa refBbttnckSai9lt |imted
to, human anti _chimeric antibodi es man anti - humani zed anti bodi es

(HAHA) , and 20hurrancoamqmm\se“vaﬁ%ﬁimiﬂeec Pmﬁm&)ma‘é i aisthe SiBi%at i ons
thereof. 100181 In %ﬁh%i@@@%@}@ﬁ&%101&;'&901%@3%0!%%@ hods:i e hDandLase Rt
invention further conprise an acid dissociation'step conprising contacting
a sanple with an ac¥'depeiior thegree dbeicd ficlugdriedinaposly B otcaetylngneh- sanpl e
with gyl abel ed biol Qﬂ'c%o%k%@hé 2R ne& (,Qt'np( f%%sﬁtrﬁkrﬂz‘i'f&% PhEiNoantibod00191 in
certain other aspects t he assay met hods of the present invention conprise
25det ect R&@T‘EE c.ecnsﬁ)%d]?‘s{‘n the’ 1f€tcn9¥§ct&9 cnrﬁ?r gorin%i? \,Xﬁ)&&]oq mac&eo‘é br al i zi ng
and/ or ut ra 1zin m of “an aut oant 5 a sanple

[ 0020] Iniﬁa@bp}adbmmgicanma&pmomu it e cpnteeemhple améﬂhb [GofsA cﬁﬁx@viaﬁiésda met hod
for detecting.the presence o K 1.zl ng,an an- neutg | i zing form
of an aut SHREFEOAYT Boan SR HEG G Sai ke ST HESL Rk

conpri si ngeutddtay cont dalid mgatfiedgsanpl e with a | abel ed anti -TNFQ drug and a
| abeled TNRI to form a first |abeled conmplex (i.e., itnmuno-corrpl ex or
conj ugat e)sgiz} t heydtabehedsgnt ﬂ}e-ﬁMm(?Iﬁ,m‘«dﬁMgi ;amdd@hen@imddmdtdmdyngi :

wherein th onent s the first bel e ex are not. cov Ientln
At ached COCURLRTBURERTS fouhdl B Ty St RGOT RBe o eavE SHEL " Y

conpl exi rrtgéudﬁ@{Gﬂmﬂl‘&%mﬁoiﬁﬂ@jtb@ﬁti@)}d afm;trhewl abel ed anti-TNRL drug, the

| abel ed TNl 7a., and_ t he aut oanti bod i erein the conponents of the
second | abel ed“‘éorrp‘f"é%%ma%%r‘ﬂﬁfﬁ“‘%\ﬁa‘{@hﬂlﬁf vt a%‘ﬁé&ef“d)féa‘éwnﬁ?fﬁéf?m‘ ot (p)
subj ecting the firsehabgkiesd:caaphexeandtotaihe seaandy ﬁa@emdpeeml ex to
size 10 exclusion chromatography to separate themfromfree (i.

unbourtd) | abel ed ' | MEERINeFSEC] RpaEde BACHETNECREUP T ﬂa?rwwhza%f@% ex of

| abel ed anti-TNFa diug. andahighe! gd TN 7a; (c) measuri ng the | evel of
free | abel ed TNFa after size exclusion chromatography g by neasuri ng
the area under ifthesapaiever@Aueforohe Weﬂiﬁiwﬂllaﬁ‘éﬁeduwﬁ@Sﬁeak foI | owi ng

si ze excl usi onyghr onRL.oG1A| gé‘éfa@%ﬁ@t?g?&%&% (edﬁn&lfl% E'i&%nﬁqrﬁai of the

free | abel ed TNFu, neasuried in 'ste ree abeI ed TNFa
in a control sarrpl ecofrlay.of ﬁwa‘frtéfais»mmﬁ@mtm MdCrofeutrdenfaienn babel ed TNFa

Kk f |1 SEC i | ed
peak | o 10 SEC gl MLl FLETER SRTBLE LG PRSI LGP ok

cov aimﬂv attached to each other);
{c} subjecting the labeled complex to size exchusion chromatography (o separate
the labeled complex (e.g., from free labeled second biologie); and
() detecting the labeled complex, therehy determining whether a neutralizing
30 form of an sutoantibody to a first biologic is cross-reactive with a second

hiologic.

{8613} In certain embodiments, the presence of the labeled complex is an indication that

the neutralizing autoantibody agaiost the tust biologic is cross-reactive with the second



20non-neutralizing formof the autoantibody. 100211 In certain enbodi nents,
a neutralizing formof the autoantibody is detected when the |evel of the
free | abeveaomBosgtomeasured in step (c) is the same or ®abgisanioaddy t he
same as the level of the free | abeled TNFa in the control sanple. In
certain other enbodinents a non neutralizing formof the autoantibody is
ggz:reztaggd\{\)/?o 11,, 7 e Llﬁ nt,utia um}; ra.uipanéx ne‘d\ \&1}?1 ifju 16'?1311\ 15”??0&5’{ ihedﬁrst a&é{ :Et (agl) el) S
conpar ed &aam@enmgmmlme@~the free Iabeled TNFa |n t he control sanpl e.

[0022] In another particular aspect, the present invention provides a

nmet hod f or{@m‘éas U camgintchier bebelimonts, pier denke of thalahdud cabplad wgn fndiataf an

t ti bod ti-TNF t hod
200 o cont S8 1 e PRk e i Sl eF SRl Bis A% R R SRS TRect 10
form Gi)aaihﬁebhkabeieﬁeﬁ@m@hﬂxé@nmeuhxbmﬁumomemhpﬁe%m@ﬂunﬂmmu@aﬂﬂ) of the

| abel ed anti - TN-Fa drug and the autoantibody (i.e., wherein the conponents
of the fi PSI°9'4be1"&d conpl ex are not covalently attached to each other):

ondlor {110 Fosond ] R ed CORLEN AL LTI PP 200, Conliag © o

aut oant i bagybics § antibOWh B8 hdhtd, b@z@gmgneﬁbﬁquu&ma isecants), sbiepe@ddaonpl ex
are not covalent|ly attached to each ot her) ;ub jecting the first

| abel ed cofFIE% My PR ERESHED ﬂné%ep@dﬁﬂeoﬁ% be -LHESPHRSER cTATS N

chr omaograpby abifs, SERAY aleenbhamidsQ @Eeﬁ‘é@%Qn%?m&ed fonbouRd) di'l@@)%h%gm&l\:":a,
free | abel ed anti-TNFa drug, and/or a conplex of |abeled anti-TNFa 10drug

and | abel éieri} Fa; (c) measuring the level of free | abeled TNFa, after size
excl usion chromatography (e.g., by neasuring the area under the curve (AUQ)
of the frdé&ibhbél edorENPadipmak, thobkdngwd mg veiokeblendic kst on pehme patidgraphy

(SEQ)); ar}xd‘m( Q%ub e@%@@e&gﬁ‘gbkﬂ% ﬁ?e\{%Jer ce ege%‘t%d _F)%Q(%!i?ig t;eri:aaa%% e%giml fh step

(c) to a norma fevel or ree 1 abel ed I'na contro
sanpl e (ep@ﬁameyﬂmﬂasmmbm@aamdumbwnahuzuﬂgdbhehwmmﬁhoﬁgthe&@oeeHMEbeled

TNFa ak dgﬂoflme tgsfxﬁE(f‘? qf 1t ntrgf'm 18] ﬂ;m na (ﬁxgwsf_ '1\9 nt afn gn‘fi%?é{::gc) cli ee | abel ed

TN—Fa 0 ca culafe ‘svelor percen res \{4perdd wherein the
nornal|zedmbﬁweﬂnnmu@eﬁeemhl@&mﬁh&ﬁﬁneeukabekﬁﬂthEaJ\mrbhEmcontroI sanpl e
corresponds to the |l evel or percent of 20a neutralizing formof the

aut oant i bqght7; 100234l dbseene e diiRALS or tshasdi &8 6rience hetween.ihe
normal i zed IeveI or percent of the free labeled TNFa in the control sanple

and the | é¥dholggics F’e‘éhqfaﬁféi"éﬂm‘l%‘hab‘ﬁ’é?a’e&P‘é%lmibﬁd‘st“é‘&df"e?“‘éb?“ﬁ E8Y6hEs to the
level or pgreeRts-Oimainamshasttald 2l Agndotmiehatibg AuboantHReOY: and

20 human anti-mouse antibodics (HAMA), as well as combinations thereof.

{6018}  In certain aspects, the assay methods of the present invention further comprise an
acid dissociation step comprising contacting a sample with an acid prior to, during, and/or

atier contacting the sample with a labeled biologic and a labeled biologic hinding moicty.

[8019] o certain other aspects, the assay methods of the present invention comprise
25 detecting the presence or level of one or more isotypes of a neutralizing and/or non-

neutralizing form of an auteantibody to a biologic in a sample.

{8626] In one particular aspect, the present invention provides a method for detecting the
presence of a neutralizing and/or non-neutralizing form of an autoantibody to an anti-TNFg
drug in a sample, the method comprising:

38 {a) contacting the sample with a labeled anti-TNF¢ drug and a labeled TNFa to

form:

)



[00241 In yet another particul ar aspect, the present invention provides a
nmet hod for 25determ ni ng whether a neutralizing formof an autoantibody to
a first awmDi20lB/edHa drug i s cross-reactive with a secon®Cliuseo12/0¢8794 er ent )
anti-TNFa drug, the method conprising: (a) detecting or neasuring the
presence, level, or percent of a neutralizing formof the aut oanti body in a
Sar’rpl e I h accor danC \M tathratQabefeﬁadeFex%?zrel Qi%gluge'éigll qex (533 Ci‘e uoate ég% V\het her
the sanple is p05|t| e or P tHe neu railjzm POFmM 4001 t he

aut oanti body; and if théa&se&ﬂphm%apmsg dnilvies a‘uarmmmﬂw (ueutwmrmrzmag form of

ant | TN Ea drug fo for mea PABANGA ECRY B OT TR FASY %33‘1 BEHENE TN o

drug and the neutrali zi ngeif @hdn;ahd/ot he aut oanti body (i.e., wherein the
conpongnts of the | gel ed conplex are nof covalently attached to each
other) > (o) subj ect iy t RETRAULEH] CHRPFRY-t & e FE SR N Y BHaEogr aphy
to separate the | abel ed igomlex TiFuGiug, f0mefct g@iH-abel Rdxnseeondiyant i - TN- Fa
drug); and 5 (d) detecting . the | abel ed conpl ex, thereby determ ning

whet her a neutralizing FOFfRIDIS spmERIeHast i Bewﬂ%béc#?%waﬁ% PUTNFa drug is
cross-reactive wWith a seeeNthi@Rthend N6l Uer:[ 0025] I'n certain enbodi ments,

the presence of the | abel ed corrpl ex is an i nd| cation that the neutrali zing

aut oant i body afadi nstibrep@gthe Stst abried cppdedindigr the secosd kbeleher e 'Wisth t he

10secqpd anti- TNFa 51 HigmLu@mmtgﬂe“%%gdm M\%ﬁvﬁgﬁﬂy Q%ﬁné’\ﬁiigﬁ hnh' bi't
the activity of bot first and 'second anti-TNFa drugs. 20]

certain other enbodimtf@a iphled a5 ehte dok, HeT b abepled tloba ﬁl ISI‘*JE'»‘n

i ndi cation that the rﬂ%ﬁii@iél&i‘ aut oanti body against the first anti-TNFa
drug is not cross- react i'Ve with the second anti-TNRL dr ug, i.e., the
neutralizing at oan!toccbw@ky,w lebvelndfred hhst:lbti TNtheltact vidigsigfchibradvergdgond

anti-TNFa drug. [0027] In sone nbodl t0 - TN u sel ected
fromthe group cons} §t| img?uiﬁé% “L“I(I\ﬁj(le?tog-r% rﬁcgﬁbf‘gd R

(adal itfumab), C I\/Zlikélkloiiowseusdﬁelexuma@ qmgnitapgm@wwmr grgol i mumab; CNTO

wnol & bl ood. e am SO pNELRR b e ecd 5 3B e On et PRI T ng

anti-TNFa drug ther@mee fibmc@rm‘f&emﬁ edor&s@b@ddﬂlm@tqs by ﬁ:fheus;agﬂke—usaasaaum In

particul ar enbodi e ts 1l has Fa- edi at ed di sease o
di sorder such as, e abe 18“’8%2%&5%1 araiegrnce PRBlRRIEEIY ?‘g‘hrl tis)

or an inflammatory @ée&ﬂ:@ﬁiﬁ I(Wrg th@ieibyrtfelte@ﬂhlﬂaaé ofeyerbove] ndtrsieagemiloBD) such
as Crohn's disease (CD) or ulceratjve colitis (I C) [0029] In certain

enbodi“ffent s, the sa.’Hf’f)‘r"é“ﬁ%lé‘méri“‘if’%ﬂ%‘hsﬁ%‘&"t“éhﬂ%f havi ng an aut oantl body to
25t he anti -TM 7a drug. I n other enbodinments, the antj-TNRL 3:1
aut oant i béw I nét e enppgglingegts, a neutralizing form of the autcantibody s df.?wtc. when

the level of the frec labeled TNFa measured in step (¢) 1s the same or substantially the same

as the level of the free labeled TNFo in the control sample. In certain other embodiments, a

non-neutralizing form of the autoantibody is detected when the level of the free labeled TNFu
25 measured in step (©) is deercased (e.g., substantially decreased) or absent (e.g., undetectable)

compared to the level of the free labeled TNFq in the control sample.

{88221 In another particular aspect, the present invention provides a method for measuring
the level or percent of a neutralizing form of an autoantibody to an anti-TNFa dragina
sample, the method comprising:
3¢ (a) contacting the sample with a labeled anti-TNFa drug and a labeled TNFa to
form:
(1) a first labeled complex (7.e., immuno-complex or conjugate) of the

fabeled anti-TINFo drug and the autoantibody (i.e., wherein the



not limted to, human anti-chineric antibodies (HACA), human

anti--humani zed anti bodies (1-1AFIA), and human anti-nouse anti bodi es
(HAMR) , awoweldooesr0conbi nati ons t hereof. 100301 I n cecrdisaoaopes s, the
assay nethods of the present invention further conprise an acid

di ssoci ation step conprising contacting a sarrpl e wth an acid prior to,

during, andlor 30after cant act anti.- TN Fa drug
and a 'l abel ed TNFa, 160311 Og*ehre??’{?ﬁa nfﬁc‘)m%ﬁ”" &c “‘?’9‘““?%‘?9“* a“a‘:heg et hods of

the present invention ceagriétse).det/ecti ng the presence or |evel of one or

more isatypes of a neutrallzm d/ or, non-neutralizing form 1.0l an
aut oanti body to an ‘@nti -~TREEY’ %f@g CPRPIES €43 P RINO-CORIRinRYCOpi|E ag")’ “gq‘t"’her

aspect, the present investcicannprioriades: eermichad Nl aminn Hosannigodgndd. or

S5optim_zing therapy to a . biologic in a subject eiving a course of
therapy with the bi ol ogi'¥*= ¥hi® FETREE s Fr?oﬁ{]gg%ﬁ%/ é’?pé%“tﬁi‘hﬁmor measuri ng

the presence, |evel, or Lp@n@g;@tmgﬁm@hmm@gam zing formof an autoanti body
to the biologic in accordance with the assay, descri bed herein at

plurality of tifte p%‘??%%n%%?“bf%%“iﬁmﬁ%‘é“wld/toh@rawﬂd o' %%%%WP%@“

change in the pr ese@&@mm%nm ﬁgem%&m@ﬁleﬁxhﬁwﬁég<& al h@doﬂ&i fighemgof the
aut oant i budy over tine; and e erm ning a subsequent dose of t he course

of therapy fbr the Bubjdce bérrkd anti-TNFu dWﬁe%nHéwamav % et ebpledenitir SE oo f

therapy shoul d be agpl pistsigdr{m,the subject based upon the change in the
presence, level, or percent of the neutralizing 15form of the autoantibodv
over tine. 1006331 qumtb%lircwieﬁkra@ idé@ptéé:i\fw S @S on ekt dasIphpr ovi des

a method for nonitoglng. andl ok, %ta'ré&?nd&gkhi& E@(J(*}%t ﬁ;et%}e‘%'ia%g lef T'\J?fg

subj ect receiving a €ourse of thera I'ogi C,
conprising: (a) neasuk ﬁ«ﬁ}@\\mﬂwide%@h81@rdp@n@mplwfﬁ‘é"’“emh aI | zing formof an

aut oanti body to,.the hbiol.og : o le from.the
descri bed her e?iﬁ at SoFE arm%)ghx. icmi & frg E) \,s§ "f‘(@o‘ mcasutrs»ﬁi ift &tgbgﬁ'ﬂ% g norglraiizegdt of

the nddtralizing fokwmiofpditat @me@amelebdw anmaamseﬁm:@is@qulm n]’aaaamnghe

bj ect as described h t 1y t
Step (b) wi th n aartiorat - uai 0T e Bintienioety Se SR RS BESRERTE | 17

wherein nis an i ntﬁgﬂﬁxcéﬁﬁmidcdnﬁmai@ut Bbe LBelgl TN foSalkula®, thedlevd or 5, 6,
257, 8, 9, 10, 11, 12 w8 17, .18, 19, .20, 21, 22, or
25, or any range tHﬁﬁ‘@P‘iﬁi frep &beéztlé“ip?‘?’ﬁ’“ém%f‘“c‘ﬁ%ﬂ%réﬂafiﬁdtiﬁ‘@%?ré?? "mooiﬁi?er cent
of the neutrali zi ngfrémmsafmmﬂn@md@amiigmgm bk @Pbids BRhp eVt S pbRedi@ft 1 or
fromtl me points to to troi; _ and g} determ ning a subsequent dose of the
cour seYof t her apy f‘b’i‘f*“f‘”ﬁé"%hiﬁff%éﬁ prutvantibody.

{8623} In some embodiments, the difference between the normalized level or percent of the
free labeled TNFa in the control sample and the level of free labeled TNFa measured in step

{c) corresponds to the level or percent of a non-neutralizing form of the autoantibody.

{8624] In vet ancther particular aspect, the present invention provides a method for
25 determining whether a neutralizing form of an autoantibody to a first anti-TNFo drug
cross-reactive with g second (7.e., different) anti-TNFg drug, the method comprising:

{a) detecting or measuring the presence, level, or percent of a neutralizing form of
the antoantibody in 4 sample in accordance with an assay described herein to
determine whether the saraple is positive or negative for the neutralizing form

30 of the autoantibody; and
it the sample is positive for the neutrahizing form of the autoantibody, then:
{b) contacting the sarople with 2 labeled sccond anti-TNFa drug to form a labeled

complex of the labeled second anti-TNFu drug and the neutralizing form of



30 whether a different course of therapy should be adm nistered to the
subj ect based upon the change in the I evel or percent of the neutrali zing
form of tWe aw/wes1di body over tine. 100341 In an addi iPConskolasgees , t he
present invention provides a nethod for optim zing therapy and/ or reducing
toxicity in a subject receiving a course of therapy with a first biologic

the nmethod conpri si a). determ ut,ralizin
aut oant i body to t heilﬂ icu[p:é nllg% qu e(f) g‘i’vgﬂrlg the comgunen% (}r}%he als eli%d COM lex ai\, néb?

di fferent) biol ogi wﬂsyadﬁtmtmdgo oichmgasuring the pr esence, I evel or

percent of a ne| tral i zi orm.o ut oant i body.in a sa mthe
subj ect in accHi dan‘é} tgﬁkggggé §3§8F bé&wﬁ5Wé$¥Pn%ﬁﬁfp ?“38?5$n1nlng
that a different cotit&eclof cirhaeapy. shautet ibeiadaioal skensd:tia:gh:haed 10subj ect
if the _neutrali |ng form of e aut antlb dy, is cross-reactive . with the
secondbi ol ogi %%T%& %hléd %ﬁkf‘%%yai%ﬁ%‘fmbt‘ St R eRHEE R ent i on
provi des a net hod f @Fm BDAI inﬁfahﬂ@d@ﬂﬂé arst @RLTNFZ iRg id hekapyutowama ant | - TNFa
drug in a subject receiving a course of therapy with the anti-TNFa drug,

t he met hod conpri sﬁﬁ@‘m‘f@‘(’g) &t%€%%i ng or nmeasuring the presence, |evel, or
percent of a neutralizing formof an autoantibody to the anti-Ti NFa drug in
accordancéﬁﬁﬁihIQﬁéméﬁgéydmﬁﬁérﬁbé@“mé¢@ﬁhc&bﬂaiﬁhmﬁﬁq$?¥H@ﬂﬁﬁwﬁﬁmp0|nts

over the Qﬁﬂ%ﬁ§ﬁgﬁw Q&%&ﬁ%d% g@&@?&?@&h@w§ﬁﬁﬁ Qs&@wdgﬁmpéﬁﬁﬁﬂ&? ;ﬁ;e|

or percent o e neutra orm o e autoantibody over tine;
20( c) dét esedonil mgi-ANSwldsegue nhe doyeiofz whendody sell ofititier apyitf ofbathiée subj ect

or 'Wet h%&fgn&w&g{ %ﬂtl,ﬁoug},&& of therapy should be adm nistered to the
subj ect base ange”™in the presence, level, or percent of the

neutralizi @{%6{)051{% Q{dﬁl oh'l?f‘x Q&EQ Eﬁtp Qigyabgf‘n%g ofi'h dtbekd ki%ﬂ?é?aplé %%gﬁ%@&ﬁ]er

partlculaé resen |nvent|on provi noni t ori ng
25and/ or mipattmmzmn@umgemawzbb@ aninanhe in’ENﬁal ﬂflﬁﬂ’gdnug isnog ubpectctiveethvi ng a

course of .therap mﬁ%] - INFa,. dr P > r
{ 1?’!; (%rugper Cl elfﬁ Em mn a, «f&ﬂ‘ii od‘v Will nf)gmﬁi%mm aﬁ !ngv of

(a)neasurl ﬁ“?% ‘? a heu iZing Tormo aut oant i body
to thaSaan&HW&kmﬁugﬁumm%flrst sanple fromthe subject as descri bed
herein at tine point to; 30(b)neasuring the | evel or percent of the
neutralizim@7toﬁmmmﬂc&mgMﬁmm&ambhmbmyfhﬂn@isemmndﬁ&amﬁbgnmpomhkﬁmgﬁﬂbject

w th . aodtgeat ety B e bk PO IR b PSR LRSERE, 7

i's an int egeblifn@Mokbt), 3DAVONED( b 8mbmab; NI 148), #hd cBmbhhatidde treof.

[8028] In other embodiments, the sampie is a2 whole blood, serum, or plasma sample, e.g.,
2 from a subject receiving anti-TNFa drag therapy. In preferred embodiments, the sample is

serum. In particular erobodiments, the subject has a TNFr-mediated disease or disorder such

as, e.g., an awtoimmune discase (e.g., rheumatoid arthritis) or an inflammatory disease {e.g,,

inflammatory bowel disease (IBD) such as Crohn’s disease (D) or ulcerative colitis (UT)H).

{88291  In certain embodiments, the sample has or is suspected of having an autoantibody to
25  the anti-TNFo drug. In other embodiments, the anti-TNFg drug autoantibody inchudes, but 18
not limited to, human anti-chimeric antibodies (HACA), human anti-humanized antibodics

{HAHA), and human anti-mouse antibodies (HAMA), as well as combinations thereof.

8830} In certain aspects, the assay methods of the present invention further comprise an
P 3 f p

acid dissociation step comprising contacting a sarople with au acid prior to, during, and/or

fad
<&

after contacting the sample with g labeled anti-TNFo drug and g labeled TNFa.

9



9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21., 22, 23, 24, or 25, or
any range therein); (d)detecting a change in the |evel or percent of the
neut r al i 2WEQof3moss10f t he aut oanti body fromtinme points POTIUS2012/045794 r om
time points to to t,+1; and 5(e)determ ning a subsequent dose of the course
of therapy for the subject or whether a different course of therapy should

be adni ni red.to the subject based upon the change in.the |evel or
ner cont ot EHE AL e B R R RORRS R B R R S s b kB 100571 1
yet anot heptepatihcpbancaspaet of dnher poesentpet oentiralivips odicdess-a net hod f or

10opti m zi ng_t.her nd/or reducing toxicity in a subject receiving a
course of nfl%édﬁ‘é!ﬁ%?&hﬁaga‘f“l‘"ﬁ‘%ﬁmg}hﬁf)idgfml‘—'g‘k@P&éfg P ﬁéd’ﬂ%{f‘hod conpri si ng:

(a) det erm ni n v,vhegh,r a neutralizing formof an autoantibody to the first
anti- TNFOEOAT udf  BIEFasest SHOTTYE T THBPEEETImEIGT T PRt yT

ant i - THFQ @fiMeiRYnd8as6 bibhGo &F intRAsHE Y iile: RLASE8NGEnp! Q¥R khe b@:ﬁo%@r cent of
a neutralizing formof 15the autoantibody in a sanple %romthe subject in
accor dancéain¢thodipisisidg descri bed herein; and ())determning that a

differ e_nt _coursg of d&ﬁ@ﬁﬁ@&%ﬁé&@l%g%l %9@9&9 Qj\éﬁ & ﬁgce;nﬂxftarﬁ%w%i'il%jn%%rﬂ §s the
neutralizing formof the autoantibody Is cross-reactive wth the second

anti-TNRl drug. 20[@0®8krddsfo bbpebis infeerdinesyithid sy antayddesin t he
present invention wl/l.ba..apparenti & 2vone Qlrskih,hh the art fromthe
fol l owing detail ed ééé’éruﬁiﬁ AL ggs m%?é%r ges%%h:éa:‘ BESCRI PTI ON OF THE
DRAW NIGS [ 00391b)Fi gimasting a ¢llahgsitiat mesetdvatevelhereropais f ghegleatagtizingl fatri onshi p

bet ween NAb percent, (y-axis),and ATl |evels. 25[0040] Figure 2 illustrates
that an ATI concentt#é 1|H:§(')§r§1ﬁ|h|§Q‘%O‘R%l {f%-rl;i‘l a%ng predictive of NAb+, [0041] Figure 3

illustrates that ATdetqmadigt sibNabenailtds of tHROGLAL X tbira), ©B8te s{i0@42] Figure 4

illustrates detection of Al by the fluid phase nmobility shjft assay of the
present invention, oc fé&%’ﬁ‘]‘xﬁf%ﬁr% gty %“?‘f%‘t %“E“‘%lh%@%r%‘ré‘?@%ﬂ / 1FX
fluid phase nobili thesshigt flassaycof thkhes3@priesent ptoae ot thoncutf20044] Fi gure

6 illﬁstrat es a non; neu ﬁ"?" it%i s nt i -drug antibody (ADA) assay of the
pr ese lb | nventi on. Ormn Of e autoantivogy over time,

{6033} In one particular aspect, the present invention provides a method for monitoring
and/or optimizing therapy to a biologic in a subject recetving a course of therapy with the
hiologic, the method comprising:
{a) measuring the level or percent of a neutralizing form of an autoantibody to the
20 biclogic in a first sample from the subject as described herein at time point {;
{b) measuring the tevel or percent of the neatralizing form of the autoantibody in
a secound sampie from the subject as described herein at fime point tg;
{c) optionally repeating step (b) with # additional samples from the subject at time
points t,., wherein » s an integer from Ttosbout 25 (e g, nis 1,2, 3,4, 5, 6,
25 7.8,9, 10, V1, 12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, or 25, or any
range therein);
(d) detecting a change in the level or percent of the neutralizing form of the
autoantibody from time points tp to 1y or from time points fo 1oty and
(e) deterraining a subsequent dose of the course of therapy for the subject or
30 whether a different course of therapy should be administered to the subject
based upon the change in the level or percent of the neutralizing form of the

autoantibody over tirae.

10



100451 Figure 7 illustrates a neutralizing ADA assay of the present

i nvention. 100461 Figure 8 illustrates the |levels of |IFX and ATl over a

ti me courwe 20f3/@essanpl es froma UC patient taken 1, 2, @cTAScenokzyapart.
100471 Figure 9 shows peak analysis to determ ne the percentage of free
T-NFa over ime 5in a UC patient. [0048] Figure 10 illustrates a shift from

t he prese f .non-neutralizing autoantibodies .to neutralizing

aut oant | Ad AL Qi PRbhRed el BR e bRt E e bl 4tisne oy
taken 2 orheBapyont/hsrcdipdurd tosingly spi egidewbdehvidgFadourse of thiQPd itk kifigure 1.1 shows
peak anal¥§is{t%rdqg92?jne.th percentage of free TNFa over tinme 10in

sanpl es f POHTES TSET PRI SHPPHEE were spiked with 100501 Figure 12 shows the
use of rabbit anti-dwmantd gEdhdre nagrafizing fortedtn ahtcaitbgdapthdrady (Ab)
control_, 100511 Figure 13 shows the use of ATI %s{ti%g as, a mxed
neutraPi zi ng ant i bgwog%msf‘?%awﬂémw FF‘?PWQ(L int By ARy Soffftrare o

15[ 0052] Figure 14 ﬁgtguﬁngtha%reﬂiﬁéé,fléw@?-bi ceaf oA THeuftipmeALdm asi tive serum
results in | oss of weaker af initX NA b. [0053] Figure 15 illustrates peak
anal ysi s from a UC Pétepebidy dag sngie ool syieerihireders e @enizige of free
T-NFa in these variQusie@nttsl s 100541 Figure 16 shows a peak anal ysis
froma CD patient case study to determ ne the 20 percentage of free TNFa
over a time collfse %*Fﬁramgfmw%#@sﬁftffé:rz@ﬁwswf tRergivekguld pa prdrug T wgo #°30- week

peri odgy 100551 _Fi gul6; odefir BDAVS -8R £ ?{K’mad?%lc—:ya%.hﬁmfigo%m@9&5—@&1‘&{3 Dypatlent case
study to determ ne the percentage of free TNFa over a tine course of 3

sanpl es taken duri ngcaddieiogek peri od. [ 0056] Figure 18 shows a peak
analysis from4 additional CD patient case studies to 25determ ne the
per cent agédis] f HeencNRauianases aippesat ingcrp@n picvidear mudelk faundnitgriar  af t er
i nduction o& mai..n

08 el ntenance oﬂ,&h?f W %OQ5ZIH§lQQE§V%%WSHP¥§. §g§c$ion of
non- neut r AFTS1 G AL BdyY eviiol o s BUg R BB ITE) TS R B85 Ry 100581
Fi gure 20 vdephetsi-Then ¢igSke me@dod tomirigingf  ADA agai nst both |1 FX and ADL,

wherein the binding,site of ADA.mmcs the binding site of TN 7a, a can
t her ef'dre bi nd<330 %Eﬂ“’tcf“bﬁ -] %?i‘f”“i‘flﬁi%ﬁng—g Hrugs Iei’%%ﬁ*gcﬁi“g‘ﬁf*ém‘fig@ﬁg "“ﬁ?%g

patient exanples (PRatdueahsvolyangle )i -TREWAhGHN GfcO8Bnd-eAaE thy hdedy GOEAINAD
produced in response to one anti-TNTF drug s determned for other anti-T
NF dr ugs. herein at a plurality of time points over the course of therapy;
{b) detecting a change n the presence, level, or percent of the neutralizing form of
the autoantibody over time; and
20 {c) determining a subsequent dose of the course of therapy for the subject or
whether a different course of therapy should be administered to the subject
based upon the change in the presence, level, or percent of the neutralizing

form of the antoantibody over time.

{8836] In another particular aspect, the present invention provides a method for monitoring
25  and/or optiraizing therapy to an anti-TNFg drug in a subject receiving a course of therapy
with the anti-TNFg drug, the method comprising:

{a) measuring the level or percent of a neutralizing form of an autoantibody to the
anti-TNFo drug 1n a first sample from the subject as described herein at time
point ty;

30 (b} measuring the level or percent of the neutralizing form of the autoantibody in
a second sample from the subject as described herein at tirme point 4y;
{c) optionally repeating step (b) with » additional samples fromo the subject at tirse

points t,.;, wherein » is an integer from 1 to about 25 (e, nig 1,2, 3,4, 5, 6,

Bl



In particular, NAb which devel oped when the patient was on Rem cade (1FX)
were tested against Humra (ADL). 100601 Figure 22 shows exenplary

enbodi merwe 20f3/bg10oassays of the present invention to deCedais2elbm4ypesence
of non-neutralizing anti bodies (non-NAb) (top) or neutralizing antibodies
10 (NAb) (bottom against a drug such as 1FX or ADL, 100611 Fi gure 23 shows
the generation and use standard, curve,. ,100621, Figure 24 provides
the results of a cagg’%ﬁgdé“yégngﬁﬁéﬁé’éf%aﬁg’ﬁé§?fféafg ”ﬁ?éﬁ”l X but

| ost response to | RXpgdtberd@i,ermi ne the cross-reactivity of NAb generated

inst 1FX to, ADL.  15[.0063] Fi 2 ' th | t ud
For Patient 4. o WS ey earair thitse el BUveT ep Faupiade Pl To- oY

determ ne the crossat@agbddvificy: @he N genercated agaporst k& smdADL. 100641
Figure 26 shows non;limting exanpl es of patient. studigs which denonstrate
AT af £ ni ty. i ur a0 GRS PRe ey A S REOBre o BUan Gaeer AT

20DETAI LED DESCRI PT Kk aiftdent NVENT @Nrdpy kRS OBUGH iR 20 @662 cJhe: pr esent
invention is based in part on the discovery that a honbgeneous npbility
shift assay using s WeBIishaiEedhPSAEOYPapRY CAHY teptalisma oy ddhy

di ssoci ation to enaflgngeidlhBratd on of i mmune conplexes is particularly
advant ageous for neasuring the presence 25or |evel of neutralizing and
non- neut r ad-zt ng, f. f . 1 | £SHACA, ..i; N i hat are
generated?%gi ng%;%%o %gFgggggﬁﬁbﬁgQ%ﬁggg$ﬁéggugﬁ@g@?wéi%ﬁ%g%?%antibodies
are ali§o knownrirgshamtisndicugdants odites: oubaDAsceant nawtscall theiapy vathd
non-neutr gl i.z] hgkor ereof, are.al so known as NAb and non- NADb,
respectivg%ﬁﬁ&ggE%ggg%”%E%%ggﬁfgéJgﬁé%nbodinents, t he honbgeneous nobility
shift assays ofat heddmmentgd wn:tiB0aneutpdekig fored fhy agontiaedsi toghafirsiulpjiect ' s

sanple with (e.g., fluorescently) labeled biologic.(e.g... i -TNEct drug)
e e 9 PSR R bR e e ik Ry R &

The assays descri bettthesetmareiadvantageousci orpcatend Fastutdlieink obdwomi ng
reasons: they obviate the need for q%h steps. which renove. | ow affinity
ADA they use di st iMEEUPEBEIE '8 aACHMER TRTLT BHEr BSCTREICaT I o det ect i on
on the visible. |R desaitdlascheard | R (NTR) spectra which decreases

backgr ound and,serun1interf?renca i ssues; they increase the ability to

det ect 5Sneut r alzi N ERERE MHSHE B CAIPZ HE AR HY StBfeet e fa | ow
titer due to the highi.sangkbhbMdiyin@forfl rer-aserpivdiahal dete6td K@i tand they
occur as a liquid phase reaction, thereby reducing the chance of any

changes in the epitSpadsptidtttadckitent to a solid surface such as an ELI SA
plate. 100671 In exenplary enbodi nents, the assays of the present invention
ar e ad¥antiébuStikobbicdudettrhe yndnblitesct phie g evverisea vsil bdrersraf 10 BD

subj ects e gﬂtixgg%z:ﬁls:ﬁ,aal‘gé&g ﬂ{e:lgllﬁg%&}{%éafmsﬁ‘&@%%xﬁ&ﬂﬂld%%g formation of

neutralizing an non- neu I zIng anti - g anti dices in mul tiple
sanmples at different ti LS % e..a ,pé kgg, sent invention are
al so advant ageous becauggigﬁggﬁgﬁ§>?§@S%EQ§§¥E i ?ﬁ%ﬁ of whether there is
a shift freomspomigiest talirztigaiti@erneud 4 akdrzéingnand betdesignabbhibadiesxiover
tinme while a %yBLect is on anti-TNFa
and ATl fevels.
25 [8048] Figure 2 llustrates that an ATI concentration 2> 60 U/mi 1s predictive of NAb+,
{8041} Figure 3 illustrates that ATT predicts NAb with a ROC AUC of 8.93 1.
{8842] Figure 4 illustrates detection of ATI by the flaid phase mobility shitt assay of the
present invention.
{60437 Figure S illustrates an exemplary ATVIFX fluid phase mobility shift assay of the
30 present invention.
[8044] Figaore 6 illostrates a nop-nentralizing anti-drug antibody (ADA) assay of the
present invention.
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15drug therapy. Wthout being bound to any particular theory, neutralizing
anti-drug antibodi es may have significant negative clinical consequences
because tWweyoiymesihere wi th the bindi ng between the ant iPCIrNBag1264371g4 and

-1 TNFa., thereby inducing a |loss of effica.cy. [0068] In additional

exenpl ary enbodi nents, the assays of the present invention find utility in

predi ot | nquERE or. et S1TILNG, 415 £1.0RRAT RS LINL bR neyial 121 ng

anti -drug érnative bi ol ogi cal

ooy o el gy ?QM%%A% bt 152{@% e R e RS SR | 21 ne

ADA Wi | | laitkebyticer@gs-ir east rnithshgameut ral i zing to other anti TNFa drugs,
such that the recomended treatnent adjustnment for the subject would be to
SWi tch t0 ;@48 Ug; Lb*«}‘?’mﬂ' pfea!\ezEx@thts NEEHAN ST OF or8Gide@Dr & BNFy &cPRRzaNti - TNF
agent). Fbmever 5| t he 'sanpl € contai ns non-neutralizing ADA to one
antl-TQFeﬂﬁakﬁgmﬁﬂﬁe recommended treatnment adjustnent for the subject could
be to switch to another anti-TNFa drug. [0069] Accordingly, the present

i nvent i on [4H8f edspge dhdluevereodsiron thegmtschdenil nat-tomsliassoceatiedliasitt h the
adm nl str al"itt,illig)a%ﬂ%f Al Bdl tlbﬂ(livt GVET ‘{ll’}lg a4 S(}Ililcipil isml nfiil’i Exﬁ, iq:gﬁl da(ﬂd )gdg"tl ?Lﬂggfllr.imb In
part, by prOV|d|h At ormati on user ul Y or treat ment™deci sions for

t hose subkeemﬁmaﬁaﬁﬁeuMmpﬁmawhhﬁmNFa drug therapy The met hods of the
present invention are particularly useful for nonitoring those subjects

receiving m%pnﬁ*ﬁguTNEﬂs%ﬁmguélkchnd@txeﬁ{ de@drmPRARUfRechge HOFBINTONvaNEhher

developnent of neutralizing over time during a course of
antlTﬂpFaiﬁhﬂﬁ3%Hewa%9§Fﬁhﬂnﬁﬁe“aﬁgﬁkﬁgeﬁhpjto detect or neasure a change
in (e.g., increase) the anount, percent, or ratio of neutralizing ADA

conpar ed t#PSbnFimue LhHoRS e yAl f@tﬁeraftﬁriwwtm}bFeassmrtqné@wmigﬂ@n anti-TNl 7a

drug therapy, 100401, As such, the present invention provides nmethods for
determ ni ng ﬁ%%g ghﬁ? hom1(|) to adjust or nDdify (e.g., increase or

e i cacy dhBTbr HEFPEE TR BT e T AUl i o o PR eSuR B MR P
per cent of(NaeubdmakduztigngADAbodv2ZNbY @neoirbi ne an antl-TNFa drug (e.g., at an
initial, increased, decreased, or sane dose) with one or nore

| MMUNQSUPRSESS| Veruad eNntisws el pasicBihat A exane ATt NskfvXheraf ratat hiteprdine

(AZA) in view of the presence, |level, or percent of neutraI|2|ng ADA,

and/ or (3)¥tlr @Huiyé“tthe current course of therapy (e.g., switch to a
different anti-TNFa drug 10 or to a drug that targets a different

mechani sm)i#45d! viFearofs st cm*é@éﬂ€@13’*1*é@é1 a Uppapert geattudf onbtsrmakite ng

DA, Sueh BRINAASBTRENSEHU. Kb CaUNLNg that subj ects recei ving

antl-TNFa rugs are getting the right dose that they are not developlng an
i Mmune re e .agal nst, t he dru the shoul ed to a

di fferent S@%E HiRTE (Elﬁ R s %dh %é)ml AR T R ‘g'g,df "cfnm Itdoprrent of

crossuﬁeaemmmﬁ%neﬁﬁmaﬁminthABAk(ﬁ@ﬂhnﬁtsmmexnmkhlaﬁ%amihﬂ$NEamdﬁyg).
15ILDef|n|§|on% 100711 As used herein, the follow ng terns have the

meani ngs A9SYFhBA ¥ t hem unl ess speci fied otherwi se. 100721 The terns
bIO|OgIC or_ "hiologic agent” or_ "biological drug" as used herein

enconpass §Hu§t%“aga §W®§ﬂﬁﬁ%%§Vb?@@ﬁb@dltt%ﬂﬁ%t‘%%%?ﬁé@%@‘?ﬁﬁﬁma

bi ol ogi calySyal-eM 2R dNFodvhi ¥4:R8c Q- Ganh ShpleNaRs dubthl L RE «BXBARIES Of

bi ol ogi cs |nclude ant i bodi es, antlbody fragments, proterns, polypeptides,

pepti des, L o' e pr ot ei ns),
poptl des. ) AP UNALSufi a8 TS PRSI RLIRRL B JymLap pr o
vacci nés, xh@cﬁmtdma@mds%%gmgat§NFﬂet©h®Hman@¢m@mmmxth@m@nﬁgvmngrneered

forns therftmﬁ;ﬁﬂ?mﬁﬁﬂﬁ}&: lﬁ)@l;jdspthereof 25100731 The term "bi ol ogi ¢ bi ndi ng
noi ety" inc de é ent, or substance that (e, g.

speci fi cal bi i nteract.s mnth I n certai |nstances

P eut rai 1057, ¥ AR da*mfaant iy ek PUPEL Y TRABI TG bet veen
t he Dbi ol oghi€ skiapdi Nng noi ety and the biologic. In certain other instances, a
non-neutralizing formof the autoanti body does not interfere with the

bi ndi ng between the biologic binding noiety and the biol ogic. As one non-
30 limting exanple, the biologic binding noiety conprises TNFa when the

bi ol ogi ¢ conprises an anti-TN-Fa drug. As another non-limting exanple, the
bi ol ogi ¢ binding noiety conprises an interleukin receptor (e.g., a soluble
extracel ful ar fragnent of an interleukifh receptor) when the bIO|OgIC
conprises an interleukin such aslL-2.



100741 The ternms "anti-TN-Fa drug” or "TNFa inhibitor" as used herein are

I nt ended to enconpass agents including proteins, antibodies, antibody

f ragnent swof20%0681pr ot ei ns (e.g., 1g fusion proteins or PEE/USGR0O85794
proteins), mnultival ent binding proteins (e.g., D\/1) Ig), small nolecule
TN-Fa antagoni sts and simlar naturally- or nonnaturally- occurring

g?lr ZEH ssérﬁggé‘o uuf ?& cfepi ng%oé‘grh%éan 1t§ '?I I Bexeefﬂzeigatfq%{hrrl%\bmg hterem ’

i nteracti ol Eﬁiﬁdlﬂ'NH_Ea)fwummamceﬂib bs;dmfvaaeoﬁmﬁpmimﬁ omoTMFa;,ndnmmubmtu ng TNFa
protein prod 1 i nhi biting TNFa gene expression, inhibiting TN F: 171
secretion F?g dgﬁgs i nhibiting TNFa receptor signaling or any ot her neans
resultlng i n decreased TNFa actjvity |p a subj ect The t rm"anti-TNFa
drug" or "HKEhR FRTBAT TV 1OpPErERTABIYS HG‘F’&H@% a%tb At ¥RRRCERS TRt S P ere with
TTNFa act igy Nay- pr&?&@é@ﬂn@& »&ifse abdea bR EQ&U@& ad NG R d M ARe k- rivirighati on,

i nfliximb (REM CA 50 hnson and Johnson), human anti TNF nonocl ona

ant i body ad a#ftiﬁﬁﬁah AP m@/dﬂ TIOMr RATHIECABBIOH tvat abdraicetc (E9Y) vt whed cept

( ENBRELT" ,, f@g@g&mmg@tﬁollzunab pegol (CIMZIA(r), UCB, golinumab

(SINPCNI(r CNTO 1 CDP 571 (Celltech), CDP 870 (Celltech), as well as
ot her co B nh SU ‘nlstered
to a sub ﬁﬁu#ﬁ%??n%%§$oﬁ$%%¥§?C%Eg gﬁ%$g¥%¥g}?%dﬁ?ﬁgﬁfﬁ ?@3? U&

whi ch TNFaiviaoItha/;m’cscmrfs:»fdaeti niuehtial afidodics RAINAL k‘ﬁepd@rsmutdﬂélrzmgsnmhod&b ed.

[ 0075] 0, s d n de a human cytokin, that exists
as a }9 kgﬁkg @P&Fndéfgpﬁfgﬁdﬂﬁg %ﬁ%ﬁa}%éﬁbrane associated form the

bi ol ogi cal ive rn1of which. 70 is co sed of a trinmer of
noncovaleﬁ%%g?b ﬁﬁd‘é‘ A Hroicad T Wend el q?@éﬁd%@“d@“*NFa i s descri bed
further in, for exanple, Jones et al., Nature, 338:225-228 (1989) The term
TNFa i s i né®abediswee phetonide: e rransaiarpse stdy rdebem i nab Whlracd TRt

(thTNF- a) ’1EQ|%111:EM’1:.5E¥&%E td ﬁ‘@%o Aa%‘&g%@m%%&w %035’%14« 1%53@1*!1 &[ygéngrﬁﬁ% Qﬂ&m TNFa
protein. Human TNFa consists of 35 am no acid (aa) cytopl asnlc domai n, a
21 aa transfiB¥brane segnent, and a 177 aa extracellular 25 domain (ECI»
(Pennica, D. et al, (1984) Nature 312:724). Wthin the ECD, human TNFa

shar es 597 95} séﬂneaéémwd@ﬁﬂmtyan$ﬁamme$u@vﬁwﬁanaaﬁdwﬂi@@i@m@ﬁ&&d&r)

orcine: digopa st R0 o AR PRRRAr B AR Bt

expressi ono At hods or purchased connerC|aIIy (R & D Systens, Catalog No.
210-TA, M nneapolis, Mnn.). 30100761 In certain enbodi nents, "TNFa" is an
‘anti gen, "ipodai ClHiduRE bSIARSs RoMDLBGIH Ra@hicRoMRNLI ORdR{ whide déﬁﬁ&@ﬁmm@apabl e
of being bound by an anti-TNF-a drug. TNFa can have one or nore than one
epi t ope. @ﬁ“%%ﬁ?%ﬁWP4@ﬂ§9§ﬁo@§vW#WF%OVfVFr?@éb%‘Tin a highly selective
manner, with an anti-TNFa anti body. Preferred antigens that bind
anti b@éi es, fragnmentsPERHLESHPERSROY THHY LFTNEB INNVENIGENes i ncl ude at | east
S amno agids ef. hyman, TNFa. In certain instances, TNFa is a sufficient

| engt h naving an epitope of TN-Fa that is capable of binding anti-TNFa
anti bodi e @@(K{/a%@% Qm{ofi% J%Qé:i LY E‘% 601 HOQI zJ he, fRlhns e gﬁﬁﬁ' usi on
chr omat ograph I nc es a chromatographic nmethod in
nDIecules€$mw5@$ummonfawohsepahumad>b@hedubnﬁmm@bﬁm@ﬂkﬁmandﬁormn?ﬁrodynanlc
2\S/O|p::lg?ei ﬁ‘ﬁ ui 1?§1d{’i<§)ﬁ fu%g'a u, u xg{l%gos 18 p.ii. m; l(?‘v an{}j@&ﬁigﬁg mﬁ%ﬂié‘%r‘f éh%ovo sltlr iggﬁ ;SgCh
used t26 tmahsdoﬁmuthemsgmphemhhnmﬂghwﬁhanaﬁhmnmnmb&eﬂkgchhuqué%AEAknomn as
gel f||trat| chronato raph 00781, The t

?F uno: colip By o S RaTEY o kR et SN T gmE e SR it gt ey o ot
limted t @lso'libbxﬁaamumﬂug gemgome\by AT -0 O valtentingeansh-eorAnRingitins TN- Fa

10dr ug, anti-TNFa dru non- coval ent neans) to an
autoantlb% 7oA G AR %“P %ﬁﬁgF ﬁ*ﬁ%%géﬁdﬁﬁfﬂ“ﬁh a neutralizing or

non- neutraI|Z|n antl-dru% anti body), and an anti TN-Fa drug bound (e.g
by non- cov#fits ar gt B‘éjﬁﬁm‘mh SOTHIEDAHS BAP RN 4§8F e

anti - khFa d?y;%gtoﬁrﬁ'cdgﬂ 1C0§td&§1‘4tarqai)}bg§'br§gmﬁi x&qg)ﬁr{e Qeﬂ{l&@é&ﬂthﬂ%b@p& biog%ﬂ'g
antlbody) [0 used herein, an entity that is nodif by the term

"| abel ed" - g}cqingsd g E {aﬁxy“};ﬁ}@(fy fluorescently ) labelad hmiogc binding mmetv (9 g., TNFq).
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15nol ecul e, protein, enzyne, antibody, antibody fragment, cytokine, or
related species that is conjugated with another nolecule or chem cal entity
that i s ewpi2rnisombsly det ectabl e. Chem cal species suitablPeTas2012/0¢3784 f or

| abel ed-entities include, but are not Iimted to, fluorescent dyes, e.g.

Al exa Fluor(r) dyes such as Alexa Fluor(r) 647, quantum dots, optical dyes,
T uor escanea oM ied BTRARS I AERsuB e haine PO e ket PR PTEs: escent
| abel . h/b&iﬁiﬁl@f?iﬁ)for@@ﬂﬁﬂﬂk@ﬁim ne:lnudﬂpw hlﬂﬁmiar@mnhe;vl msnﬁtseﬁttﬁm; sam&paect roneter,
a fluori meter, and a device co i ncar.por at ed
b th e onrumepblraBR T Retsraht SuBRYSEL BlenTHt SR i TUR e Y SRP

excl usi On-dbctr@hcil&bfigﬂﬂﬁﬁmﬁe aémgqumdxf@ﬂbtmnﬁﬁ@gma@hyn casUbhabiisy tddttecnot |imted

to, an._i .1 lent-1200 HP Sy 5100811 The rase timze

her apy RETTAES SOHRT PR TERE IR LBRG DB BT HBEr Vet o 1 evel)

and/ or t hecisypay of figorRasdi el @fecifie haPhey RO SXANRIEhaPbAdiLE | RGelishe dose

of an anti-TN-Fa drug includes increasing or decreasing the anount of the

ant i - TN- FacHfFiag ﬂg&m&% §GEMT SRR PG PRETOBE DY BB e tolid SRS PYG 4 a1

i nstances g @A bifiezi ng the type of an anti TNFa drug includes changing the

adm ni stered anti-TNFa drug fromone drug to a different 30 drug (e.g., a

di fferent TN R u ug Lhat ;ia S ffere anism . In

ot her i nstgék%?es epl?nlp?ﬁﬁ zfgﬁrllggdﬁxﬁdﬂ %éi’bngioci %s&%% %igmggriﬁks or ?%lagnﬁg&g%se of an

ant i - TRFa belrauge E(iev gable altmanunm@r»eas@ds oidBErsehisedon ori-theddeseray fethe

previ ous ti Lor iyve drugs.
00821 Thad By R B B o A T SR BRI, [ 0t ve

agent . suamﬂmﬁa&muhﬁadmmmkmomn©@nmhy§mahagsoa%e@ﬁiamhnammmmeaaﬂi|ve agent

over | aps mn ysSi o 0gi c activ ent, [0083] The

Corm -oub bR A% Rty ERRR i TR E N hans. - bu

al so 5inChuﬂ3$7m§h&mu&@bﬁﬁﬁ&ﬁ&h@bmﬁﬁom&uga3nmthﬁﬁc@ﬁd@ﬁtﬁ%naﬁﬂd@@&s

cani nes, felinpes, ines,. ovines, porcines, and th 0084 The ter

oouras of By T hieStay t wEPpE Lo dSproRe R B Bve. o
prevent OREyeEvIBERAISHITRIHNE B8BOGCHALEenMtcRsdihseasecarwill $0baahe The

t erm enconpasses adnlnlsterlng any conpound, drug, procedure, and/or

regi men uLEPEET Fi6 A0 APFEvTIG He o GeRRare st a oy ¢ikdivrdual with a di sease

or disorder and includes any of the therapeutic agents described herein. As

a non- | i mi#deRh éxeaddgicaal spaplevumdedeicntshi@e apyysor hoheesggdevestion il current

course of hRerany el e &Q@t@&ﬁﬁlm%%lcg: @355&5&%5&%&{&1&% é&?éﬁg) based upon

the presence or concentration f E(1, "anti-TNEa~drug,

ant i - dbug saniridlpe dya {ubjogt’s saripée wieé@n@@vﬂ bielpglcal dymgsgwcc@mheoﬁmn*éﬂf r aI i zi ng

and/ or no u met hods

0 f the i ncig i %%r?lh;frb@%lﬁ%g hu (Enlfl\g 19{& %ﬁeo%og%tgrgeghs@%{)mgsu\fpg l&%}thgh
|nnunosuﬁ@ﬂesﬁmyéuagmmuammmmmudesi&hwwsubsuaﬂaedbamabh@ﬂm;mpnumamlng an
O UPRRSSIE, S S B A G PP 6 VB Qe be T rmune
response, as by'#ryadiation or MnlStration of drugs Sue

antl-netabwhﬂiﬁSHkaﬂ@nhhyﬁﬁhmcym@mmamai&amm @@d&ﬁ@paﬁﬁf&FE@ﬁﬁpﬁBﬁaeﬂ
inniu ess e 20dru i ncl.ude, hout tion, thiopurine drugs

such 29 ARSI RIS AHCH HOE AT S pEr BT FeHERRBH  eq Such

as net hot nexadeet s(dME?ﬁ)untﬁhﬂ@shHﬁEb@ cluiaparysidifnd o deimt £l TNBGugver ol i nus;

tacrolinmus (FK-506); FK-778; anti-I|lynphocyte globulin antibodies,

anti -t hymgosue aleebiinkR, anbibad E&@iﬁtm@@ﬁdr@@@mﬁ% bx@@ﬁé@ﬁncﬁ’(ﬂﬁxﬁlm

anti bodi es, and antibody-toxin conjugates; cyclosporine; henolate

M zor i bi NESHHAEHRGE A iEEGeRPbHE: Tl el T eamsh sasdidmab a a Iiles

t her eof ; @bggmgswml h¥-3GERRLAM B 5@5&15%3&[@%&1«10&%}1 ¥l \\éﬁgctﬁ her eof ;
prodrugs t her €o nbi nations théreof. [0086] term i opuri ne

drug" 3ﬁ)nclitfdesﬂtaizi§tﬂﬁf@mﬂ hécippZ A he Betial @éﬁm@pmm méfC(ﬂ@nl\@C) pargrulaiyy

nmet abol it o [ Y I WL hout
R e A S oty

6- th!o!noémneuﬁumMemﬂpﬂﬁsmﬁmt@Xmu®£VB@Vﬁh®uﬂ©smmeumndmphbspMatefam—
gut:rleg![ :’IS%L@? cfj P t@%g&ﬁ%g arc%ibto I?jl;c(%llﬂq(?ﬁytcf. mc%«uf 'SP aig%e‘%gln (€. g% af%l}(%'éaq«.%)a?%am ne

di phosphate, 6- thloguan03|ne trlphosphate) 6-t hi oxant hosi ne nucl eot i des
(e.g., 6-thioxanthosine tnonophosphate, 6-thioxanthosine di phosphate,

6- t hi oxant hosi ne tri phosphate), derlvaﬂ1ves t her eof , anal ogues thereof’',

and conbi nati ons thereof. 100871 The term "sanpl e" |ncludes any bi ol ogi cal

speci nen obtai ned from an individual.



Sampl es include, wthout limtation, whole blood, plasm, serum red bl ood
cells, white 5blood cells (e.g., peripheral blood nononuclear cells (PBM),
pol ynor phwwouelsgmssi0FMN) cel | s), ductal |avage fluid, nipprasaspioszve, | ynph
(e.g., dissemnated tunor cells of the |ynph node), bone marrow aspirate,
saliva, urine, stool (i.e., feces), sputum bronchial |avage fluid, tears,
fine needlg aspilahe o Gy NALYSS! RAARY-LARdeMRerl Anealap ki ng deed! e
aspiration), ah@ ot her E)odliy P, 8 Tsdde sanp]e Such ‘as"a i opsy of a
site of i nfiilanwdijioi @eng-TNHweed @edPpi opsy), cellular extracts thereof,
and an i mmunogl obulin enriched fraction derived fromone or nore of these
bodi l'y fl yses| omstkigsteSreshinl nSOMR QDA IRAL S5 fdrlieesampl ks amh@lewbl ood, a
fractional cor’r?,onent t,gereof, such as plasnm, serum or a cell_ _‘eIJ et, or an
i munogl oL AUBHAT BRED friadbiTohe Ot Hrerast oeHee@ien 49805 49 B HE HO T | |

appr ecisat g, thatizSapRh&sic sULh: ahdBelHanganRes e aRwhe udigrited BRIy to the
analysis. In certain enbodiments, the sanple is obtained 15 by isolating
PBMCs andPeiceNoNngdlign s Py Ry coeetmiqie- RTowhvE -2 e aminttial. [iere@esd ai n

ot her enmbodi,PRES $r séx‘&%o%@r{fmh%nb%r ot im%ost&b , %»sd%&ﬁb ash aCmhondQM a site
of inflammtion such as a portion of the gastrointestinal tract or synovial
ti ssue. 100882 oThrathsensips (DEAL e avetiburicehce eclpeigsesnt dimoertizion Adyt.not
necessari |y, 1 e perf <k e rii.c, Id 4.0, WA hey are
present ed.axigig(\ér%si’oc%a%fv ﬂ%ﬁ&%%&%%i?ﬁ ‘Flg?‘?ﬁp%f’ ﬁggg}?{o a\%ﬁ%“& n \'e%‘r%g? giﬁ%’ t hat

ot her 16r der iorgdupfhat hes telpécrof stehimomet vodsw of the Irecsérgv.deted,on parant of

. aﬁ%%@c%‘ao%g ?xrr%],:&%f?!r 1S§1Q%14§3¥%Q£699£5 rc%eq‘gﬁg ﬁFg ‘QE ets, [

enconpass 1 i.nhe
1" indi ca%gljt%ﬁi?g%iéﬂs%em es W he brac are referre y their

concent r atdiwgn arcl gettinDéscighpiisonhafihcyhe Enrbodiopbntas 12516020 nThespriesent

i nvention provides ass or detecti a measur | th resence or |evel
of " neut r it i GRS SR b PR Ry AR SRR RBE L s IR PERELGach s
ant i - TNFa (dg.ugevthehapedticesrchniva nsanfikieg AThesgaires@dinitda et NBa dhug). usef ul
for monitoring the formati on of neutralizing and/or non-neutralizing

anti - dsug ant i beghi@saover tinme while a subject is on biologic therapy
(e.g., anti-TNFa drug therapy). The present invention is also useful for
30pr edi ct iy 1N QkeddRtSE, ML NGy hh €6l PSS 1KLaGhingk hit-iBfd D eukd @lidszi ng
anti-drug anti bodies in a subject"s sanple with alternative biologic

t her api es P&id otsMYiétnat i ve anti-TN-Fa therapies). As such, the present
invention provides information for guiding treatnent decisions for those
subj ect s fé¥ai vithgterhetagysial ehbalbioiegl or dgensicadme:d aprgddectthe accur acy

of optim zj therapy.,. .hedugi o LG Ahdior aoni toring the efficacy
of ther apéhﬁgﬁ a’f”?pgsat% rrééﬁipa t@l %)"%%agc}?8%0%%%%%%%??9& Tdoig&g’?fi%%ljdr%& %}’lé ”gglpect, t he
presenr® i nuent itong preevide Siar-mttihp dxdngricsdé bediagndihie apiledencetiofdya
neutrali zing d/ or, .non-neut.ral i zi. . .an. autoant i y._to .a biologic
e camplBe e PRI EhER bADS P el e Ao PRk SRR, 1 2

| abel ed bifeli@girctemndmaitivaloed hedlid wbogs ¢e. bl DY), amibetiy-dtug chappatesa fir st

| abel ed i

cql cl'xefhi?(.axéji T apidh, USHR £ ! ot farmsd ) Hgal ex)ef* OcE (t'he ’Jeatxb} l'le(g bi ol ogi ¢
and the autoaitiBEEY i SUE AEPEPR P HE B REEHOTEREHF SOPRECTRREEC | abel od
conpl ex aremb@htigevcaloént|y attached to each other); and/or
25 [8073] The term “biologic binding moiety” includes any molecule, agent, or substance that
{e.z., specifically) binds {0 or interacts with 4 biclogic. Tn certain instances, a neutralizing
form of the autoantibody interfores with the binding between the biologic binding moiety and
the biologic. In certain other instances, a non-neutralizing form of the autoantibody does not
interfere with the binding between the biologic binding moiety and the biologic. As one non-
30 himiting example, the biclogic binding moiety coraprises TNFa when the biologic comprises
an anti-ThFo drug. As another non-limiting example, the biologic binding moiety comprises
an interleukin receptor {e.g., a soluble extracellnlar fragment of an interleukin receptor) when

the biologic comprises an interlenkin such as TL-2
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(ii)a second | abel ed conplex (i.e., intnuno-conplex or conjugate) of the

| abel ed bi ol ogic, the | abel ed biologic binding noiety, and the

a- ut oant iwoay13daoesrp. wherein the conponents of the secomdTiish@kads79bconpl ex
are not covalently attached to each other); (b) subjecting the first

| abel ed conpl ex and/ or the second | abel ed conplex to size exclusion
chronatogr ar, fro i.. €, unhound) I abel bi ol ogi c
blndlng |et§ %gr%gg1anéﬁg§h (o] FE&%Gniﬁ%?iéhé%%§F%§n%F“Eﬂ%i?gh bi ol ogi c
and Iabeledxmquogmusbhm@mg@nmmweamimaﬁé@hmﬁﬂsmmpmgnxhEmhquabmsﬁgjﬂee

| abel ed bi.0l ogi c blnd noi ety aft xcl u r raphy (e.g.
by measur i egeRs B Ry pet S flPal By S bR o LRIB Sl o1 S o
bi ndi ng ﬁlﬁhc&és}ﬁapieﬁkx dn@loboivk Bg Sinde raXEdlyS bﬂ@nﬁhﬁz@ﬂﬁhﬁ@ﬁﬁ@hﬂolécﬁ&@) and

d co aring the | evel of the free. Iab | ed. bi ol.o |c b1 neasured
i(n) 25st’ep at“g)“‘ FEPEREANT BT CBRINEY RO R, 1“8?} g‘?fofi éOB #8 m%%

control sample, ‘(u@lgsby 1ﬁmbﬁﬁ§$iu&rh¢'tgmtolﬂQ\Mu@ﬂi Lbiﬂeurch,@Qfd:;@@ﬁbﬁd\lm ol ogl c
bi ndi ng noi ety peak followi ng SEC of .a reference sanple contalnlng only
free | abel'®di i‘c@ibb‘i‘ em&ﬁ%ioﬁt@tlﬁ%ﬂ@%%mémé? 8By Cé‘l@f@”‘éﬁnr Wyivitvg ‘Présence of a

neutral i zisQQe-1RR Rl cJMONANEHEE ’NFZ LG 50% MaBhs N8y B OARLL BAdYing 30[ 00921 In
some enbodi ments, a neutralizing formof the autoantlbod interferes with

the bi ndi NECBEeEhEERA® EHE it BEICE! ANg BICIRBET ST BIdAE 95~ FOl eByibir ot her

enbodi @Emp%f 181 QQQMBGMgL%L l\,“%’idﬂgiﬁtx%rmw@& lt\h% (@HJ;&&@%QQQ@’ ol‘dcﬁ);ﬁsi ‘ﬂthdr \t er fere
W th the bi ndi ng between the biologic and biologic binding noiety. 100931

I n some |m@ﬁmhcwﬁhxﬂb@éﬁkabmﬂednﬁl6&@@&@Ih1thhgommubmymmmhbwsmstf | abel ed

bi ol ogi ¢ hi ety that is sy I ound bi (e.qg.,
bl od andlor iR aner e eorisgir i DB RA Celibal re RS S
neutral i zijpgskerm angh@ec@{kﬂzﬁﬁaﬂ%l;‘QQQXLI\@éﬁéT getetho-whemnbihe (bevelnof the
free | abel ed blologlc bl ndi ng noi tx nmeasured in step (c) is the sane or

subst ant i &N {48 Card” h@f«-‘%ihéh‘w ePBIE7RfCaliehy powel %@P@éo%?‘élﬂéwh“& ndi ng

i et i si N G €QRY Lok iy, AR @at Wifdn %@ﬂhfn@té}k% Q%bﬁ&*?ﬁ)@ér{ﬁ% Mo% o risk of
non-neutralizing formof the autoantibody is detected when the I'evel of the

free Iabeh@&Jb%ék@giéﬁﬁﬁﬁdﬁM@Khﬁpéhy&%ﬁa@uﬁ@ﬂmﬂﬁdstepR@éﬁl¢@Mﬁé€ﬂEased
(e.qg., Q?%a?tlally decreased) or absent (e.g., undetectable) conpared to
the | evel "the free Iabeled bi ol ogi c binding nDiety in the control

sanple. 1 It the f the fre bel ed
b1 o1 ogi ¢ BIHAI nd o cy heasdiuact i Srap 1y st R rd po Rt
subst ant i abdryted hﬁn&ﬁaﬁm;ﬁﬁ)i hﬁmbemehsb@dutbmmﬂumebdaaalgebl@dam ofwgiof wihichdi ng

nmoi ety in.the co troI | e wh easf 0% 75% % 81%
D906 Su0 eiomrsatun 2sine B roactbim b gt Bhon B 3bs Taosme SR RoANERY oo0n
97% 1598%&%@@%&@ fbﬁ:\k@ihpi@f o'hélﬁ’ffzf eenhabekedsbbologhc mﬁdmmgwml ety
measur ed Ln_thgﬁfontrol artlcular enbodi nents, the I@yel of the

free | abel'2d®h *8@‘}‘“3“5‘5P%?%&“%ldéﬁ?nﬁ%%m‘%mW@t@b{\( e Pt dghéfdered to

be subst ant j-&k kiyoude®r eased & aRPared TG hRR:h eMeha 0T bheokigerk abehed
bi ol ogi c binding noiety in the control sanple when it is at |east about

50% 55% 260944) 680k lasrposlongn,e Fowtraguugmiggtysegrergsog pddses AAHCY BB | evel of

the free Ighel ﬁﬁgﬁﬁl@c%@g'm le”(%@@ A@Jn@ﬁw W@S%ﬁ% thhuthencontngt, sanpl e.
100961 I n some embodi nents, the [evel of free |abel ed biologic bi ndi ng

moi ety i s Shalileth sy danet dgitaYy MG e fa‘ﬁféad%a@ﬂqfhéo W\l@ﬁG%U@)mbf t he
free | abelgd i, Loginﬁ; LA 29 o hﬁef@fﬁp%ﬁhi PR RlQke BfrSi908l cldyptensi ty

as a function of elution time e size exclusion ch ronatography (e.qg.,
SEG- FI PI, @epared by standard re c,omhmdm expression methods or purchased commercially (R & D

Systems, Catalog No. 210-TA, Minneapolis, Minn. ).

30 {6876} In cortain embodiments, “TNFa” is an “antigen,” which includes a molecule or a
portion of the molecule capable of being bound by an anti-TNF-a drug. TNFo can have one
or more than one epitope. In certain instances, TNFo will react, in a highly selective manner,
with an anti-TNFa antibody. Preferred antigens that bind antibodics, fragments, and regions

of anti-TNFaq antibodies include at least S amino acids of human TNFa. In certain instances,
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25100971 In sone enbodi nents; the biologic includes antibodies (e.g.,
anti-TN 7u, nonocl onal anti bodies), antibody fragnents, proteins (e.g.,

cyt oki nesweueots/@mssiont er | e- uki ns), poiyntides, peptides, PCHAISR2/08370€] NS,
mul tival ent binding proteins, antibody-drug conjugates, vaccines, nucleic
aci ds, sugars, reconbinant forns thereof, engineered forns thereof and
g?ggh nats L}m&tlg £ Stﬁ'fment%gm%qgi%jﬁo 130 e;gM;%g]Lt ?IQP{Q ﬂxa{% »CEépa%ale of %n’;ﬁ%g %rgm g:wg Fggy\{:‘m €
t her apy. hﬂﬁﬁﬁ&idhﬁﬁdn@ﬂhddﬁﬂﬁﬂﬁﬁguﬂhe sanple is serum in particular
enbodi nents, the subject has a disease or disorder such as, e.g., an

aut oi Munego7di SEas e €sige excllBHIRL@E gAHENTdTRBC) incRbed » kahhﬂﬁm@ér@ﬂ% di S eas e
(e.qg., infl nnator bowel djsease (1BD) such as C[ohrt S dl ease

ul cerat i ve&CuKit i*‘é“*? R GUICH I SCAHERATC SHOFET 1 Rt i B 1%%&%% he.

sanpl e shas;Rknel % i$ me@hegioeimlre@y g At - SHGeAM: Lhagy«d Qucthme pRi@hogigc. I'n
ot her enbodi nents, the biologic autoantibody includes, but is not limted

to, ShumBAPHHOPLEHPNErPERA TSR MBICPNACAIYT SHETEA FANPPT HismanpE dgough

ant i bodi egpd MtohiNlbe @R Qé’ﬁ%ﬂm@ﬁ&s‘ RS8N RAdLES( MAMA), as wel | as
conbi nati ons t her eof 8‘ In anot her aspect, the present invention

provides an i f gg c%ms m% Htal ’”%;%D@o c.(q Sﬁ!’x O‘Eco{?%[ 2&@ ngi‘a(ﬁfllgﬂmgg%kfug&%’éI: ng form

of an aut to a olo icina
10( a) cont astudagmt hle nsaimluei i l‘ﬁhabduatbei seebyblomlwgaimtaswdmatd abelielNibi ol ogi ¢

bi ndi ' . fi |
I nd qgt 2)%I et XI’% %n%—'fﬁ%g;irétgb%x&n@%t 8 ?’ :?_lﬂ L({\ ﬁprrlrtpm SANS ) Ei} cil’bciléodn(nlgyipi dﬁalﬂn{% £x or

conj ug Gt rein the
conponenten@ﬂ\&hanﬁye&t mah@Madgeomﬁh&xnﬁregﬁmmahmyaMBmhhymahﬁamhed to each

Con tat o B Pl B S TS e SRE P s Pt o ls AR ot y.

and the autcomnatTiIodifug {e L. a newhaizaizn: hbenaorpanent:sd0f «4thedgecond | abel ed
conplex are not covalently attached to each other); (b) subjecting the

first |abehgd) conpbepARdLt 1D asRGUMhda elmet@nm@%ﬁex i@ sl #8 S¥g! usi on
chronatography to separate themfromfree e., unbound) | abel'ed bIO|OgIC

bi ndi A§ nei@dtcyle. pree. Pryeredtbp®l syibedy ﬁﬁﬁmﬁ cgtobgaplr aslaipd siieaibelelds bi ol ogi ¢

and | abel 1 L&t i o
"abel ed brol sorc b i AoLery e oS 3R OF LREh Eéri%%%y

(e.g., bynemsuriitig qah@bahéﬁiﬂw&erentlhe ledwdpebit AYDPt biitediie, ﬁlﬁﬁe@&iﬁﬁeﬁed

bi ol ogi | xcl Lsj 0
(SE0)): and- () b anba b BEF M ey S CF, PRI P PSSR Y i ety

measur ed ﬁmmsmeba¢ommhdﬁa€gdrhal|zed | evel or percent of free Iabeled

bi ol ogi ¢ binding noiety in 30a control sanple (e.g.., by nmeasuring and
nor mal2pzi r;@gﬁhe TAb ?Qn@‘ff‘ ‘thercfdee Ih@ﬁ)&&t&diebi’mbi@gd&& rﬂédﬂdfolﬂgcting'fay peak

foll owing S %ere ce sa alnln |¥ ree | abel ed biologic

bi ndi ng nrﬁfi”‘@t“;f‘ff“o1 larscie” qerst %\%lug%ﬁ““p%% ifmﬁ % F 8&'8HEFed bi ol ogi ¢
bi ndi ng nwIweE¥er, Wﬁdﬁt@m@tci bey nenembh a86kd @¥Blonly incorporated with a

chromatography instrument such as, but not limited to, size exclusion-high performance

liguid chromatography, such as, but not limited to, an Agilent-1200 HPLC System.

25 [8081}] The phrase “optimize therapy” includes optimizing the dose (e.g., the effective
amount or level} and/or the type of a particalar therapy. For example, optimizing the dose of
an anti-TNFo drug includes inereasing or decreasing the armnount of the anti-TNFa drug
subsequently administered to g subject. In certain instances, optimizing the type of an anti-
TNFa drug includes changing the administered anti-TNFo drug from one drug to a different

30 drugfeg., a different anti-TNFa drug or a drug that targets a different mechanism). In other
instances, optinuzing therapy includes co-administering a dose of an anti-TNFu drug (e.g., at
an increased, decreased, or same dose as the previous dose) in combination with one or more

immanosappressive drugs.
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or percent of the free | abel ed biologic binding noiety in the control
sanpl e corresponds to the level or percent of a neutralizing formof the
aut oant i byOR013104€181 | n sonme enbodi nents, the differenceChatsesee437he
normal i zed | evel or percent of the free | abel ed biologic binding noiety in
the control sanple and the Ievel of free | abel ed 5biol ogic binding noi ety
measur ed | e corr 0,the | eve

et r a1 21007 o St ReEERRERAT Sy et TS P BB e R bRl W ee

| abel ed bitieidt d@ld@; cih[)!lﬂdf ;ngsnnmgeﬁiy:fﬁzans st s:tiof agcabelcdabsbiid] togple shilaailiahg noi ety
that is sugst g : y ree of bound biologic (e.g., |abeled and/or

unl abel ed “6F I 6?%}“ fﬁl@?ﬁ§ In particul ar enbodinents the | evel or
percent of the free | abel ed biol ogic, b|nd|n ﬁ% n a control sanple is
nor mal i zed™By! mESs P niPRiNe” pEKY r“éa‘“(“éld@i“ “6’5‘/“‘ SUFFIY e SEU° of a
conpl ex f %’dﬁ&ﬁs Q&ﬁ&r\/ﬁﬁﬁa $ henbabel %Qd%f%ﬁ&l Codendl chiges ﬁhﬁéqe@humeel&mes

bi ndi ng noi ety g "| abel ed conplex ), and then subtracting the measured
peak areapeﬁﬁ%héﬂﬁ Kdiked conplex fromthe peak area of the free | abel ed

bi ol ogi ¢ bi ndi ng nn!epy (e.g., by measuring 15the A. UC of the fyee | abel ed
bi ol ogi ¢ B#iedi nghatret goypeak ierap@] 0dndesrng deravicepbodinehtndo rdisee drevel  of
the free | I T ured ‘,', ab t he
area undeng %q%ﬁ?i@b%qkﬁfgl e H%dggggg%3%2?%59%%%ﬁ%gﬁﬁfhl_ggégﬁﬁggety peak
froma pl catimoxﬁstas"mgnaj «ummoen&um%, a@caiufmnmwongimbn edctitl ifgnopiavegfthom t he si ze
excl usi,on,c , . S, )the | evel
of a (s:igrml am’b oga G Rl rr@udy‘g f\c}\g sﬁasf K dlfOI‘%ﬁ,T an%mblugcfs an;,i é?ﬂb gief‘dé'iﬁlé C a& 18? ol ogi ¢

bi ndi ng nmh@myujmmmmasuaedabmnmg&egmﬁénngmheoﬁ&Kinoﬁmedﬁmeémkamehﬁd

bi ol bi i et I t f t It f t
of el ut1 ot HPE ERET Sroa LR deRsn RIBTREbD By e SeL G

101051 In &%ty@ti@n@ﬁ’@@lmﬁm Siti- ansub@epmh@% b@NGAL sl dAU ©ané plaasye, t o a
bi ol ogi c IS a neutraI|2|n form of the autoantibody

i iags A
NAb) . In s9i ObPSTHT PSSt K TRl Rt A AR BEU IR U ‘bl oI ogi ¢

in a sanple aar.herarliskhatgd by adding the levels of both neutralizing and
non-neutralizing forns of the autoantibody neasured in accordance with the

met hods ofgddae *Iﬂ%ﬁ.‘%' QB0 90l D6 SQTB: %Rggxlﬂqﬁﬂgb%a cLhGy! ﬁviﬁk sQfy the free

| abel ed b|o ogi ¢ binding noi ety 30measured in step ( I's further conpared
to a negatsitsencormprlgt of ;aowmtanw@m@wvmts%woreiiaptwnﬁhnarm@m% hereof In

further ’8&9@16%1 W Sne %‘?@ng% &{3, Qhyl rﬁ%m@%’x‘t}{ @J Jd?r!nﬂgmfn% %&ui&?}q as

aut oanti bo rm’ne npared to a cutoff
val ue or meﬁemmﬁo@xmamgéng$MQm¢hsmedﬁhﬁmnwa/Heamphkyhcmnmnﬂmpﬁgﬂg, nor ma

huran e ”t?& 5 mc?ﬁk \%oumg%t% nﬁ%noggrarnﬁéuogqgg azﬁé&ﬁp Azi%f\? (ﬁnce range is

expressed a ol d Phe sa ave in order
to be consmmﬁbémq@m&bfRMEnﬁmbdN&bmdhm;Sﬂhhuﬁmh@mﬁhgnmm1nmh@mﬁanphe is

positive fo ef. ) is greater
t han or e&ﬁ%”gﬁguiﬁéuﬁﬁFgT @vi‘ﬁniég 5€PE¥en§ Ao 8@“@%?3%?“@ ‘hed fromthe
hcal t hly eeffodak, antinhotdiefe denboditRoks ant-N3sanplaess) suinegatdibeditQr NAb
when t he pe#cent of NAb deternlned i, n St%ﬁﬁg%%ﬁls less than the cutoff

val ue or rBf BFOACE PUGRIUEEE BT SRS Py BAMEHIRPCBMOPIORBRE 1 miting

exanplgs Qfopartiefdiaivahitase@t; HeERLRNERILANESSabASLM I cc@tBio saRd thbeast about
0.25% 10 9.50% 10. 00% NAb, or any range therein.

derivatives thereof; prodrugs thereot and corabinations thereof,

18086 The torm “thiopurine dmg” includes azathioprine (AZA), 6-mercaptopurine (6-MP),
or any metabolite thereof that has therapeutic efficacy and includes, without limitation, 6-
thioguanine (6-TG), 6~-methylmercaptopurine riboside, 6-thioimosine nucleotides (e.g., 6-

30 thioinosine monophosphate, 6-thioinosine diphosphate, 6-thioinosine triphosphate), 6-
thioguanine nucleotides {(e.g., 6-thioguanosine monophosphate, 6-thioguanosine diphosphate,

6-thioguanosine triphosphate), 6-thioxanthosine nucleotides (e.g., 6-thioxanthosine
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[0107] In sone enbodi nents, all of the autoantibodies to the biologic are
neutralizing anti bodies and the sanple is defined as having 100%

neut r al i 2WeQoEM0s81dr ug ant i bodi es (NAb) and/ or 0% non- N@GTABRI12i0wTy94
anti-drug anti bodies (non-NAb). In these enbodi nents, the | evel 15of the
free | abel ed biologic bi ndi ng nDiety neasured in step (c) is generally the
(S:Srr]rfr gis tsg‘r?on ehus%ha% { Filhehmafmihuszm qu P ate l thiogai&}a)qmegi Oprhtg &3@‘0 ﬁﬁl 39 aiil‘ui;,hgl ock or
interfereaMmmﬁemEEEMLﬁdumgabetmmmﬂmkheﬂbmofoglc and the bi ol ogi ¢ binding
noi ety. [0108] In other enbodi nents, none of the autoantibodies to the

bi ol ogi c as®7peut &hhzbcmgm?ﬂﬂam& bediiengrmdptdiaesanphal k@n deflinaiians havi ng
100% non- NAb nd/or 0% NAb, In thesiﬁgnbod ments, the level of the free

| abel ed bi8FP8GF BB ha RGUHBIENY.EYE St & PeediPoog Sl WP absent
(e.g., sundeiactiahke) p&ampal 8dod ﬁoﬁaﬁﬁdkﬁ\é@hs (ﬁgl\/iﬁk}epcfl{ﬁ&ph@ﬁ@ileﬁqpm}gl ogi ¢

bi nding moiety in the control sanp e a-utoantibodi es are predicted
to not cow*dﬁsétdub%ewgﬁrﬂuidntlié?lfveriémm B’ﬁmﬂ*rﬁég bifpdii e et pletdivgivdgi ¢ and
the bi ol ogi,g.;bi ARG AL Sy, m%§£Q%98LnbﬂkfU&&B@ﬂp%ﬁngkﬂﬂﬂhﬁm@EhﬁﬁdbOth_
neutral i zing and non-neutralizing forns of the autoantibody aré present in
a sanpl e, tahe fiperwditspfaicdach hepedicdy readvnbiesrigscplee Saeereon atiiglion)owy (e. g

50% NAb or, @9%@2%&’}9 Mc %ﬁg Qsplh%a% ﬁqualgitpmgﬁ Aq%nq o NAb. sand nonkab
in a sanple) or as a'ra ' certaln | nstances e ratio’is calcul ated
by dlwﬁdlm@mﬁﬁe&ﬁehcgﬁﬁhcﬂmemcmédmh@ﬂweck@mma@ﬁmhnhmmm@l&mna&ﬁc@xmersa. I n
ot her |nst i . I N h vel, of NAb by
the | evel ?pi%?c Gft%\%\ﬁb&@& fﬁfdcz)r%\?g?% 91!115%35_1 E_Q%HQHFX‘«» g’aﬁ S%%)% %\ % 1],)'50 (Lfei

bi ol ogi c |mcthqmdasmammwﬁhee§sx(cb agpla%%ﬁﬂmﬁl\ltr?i&:ﬂ’fpﬁi@@,lwﬁmlmramtd“b)@diires)

anti body fra nts terl.eu

ol ypept i deacies o, B entp SRR S NI T SR A Sty B A0 s,

ant i body- dmmgmaﬂﬁwﬂgamGSpﬂmaﬁﬂhmﬁﬁymﬁdﬁkemmaaﬁhﬂﬁnuﬁy@&RSmp%é&ﬁﬂhmﬂant
formns thereof ered for hereof and. _copbi nati.ons -thereof. [01111
o orHer ehpolaear S g os S S iR B gR o B SR 3 CHRESHIE Sanpi e,
e.g., frommdostlheahe (@GR V1 AGBLRLOGWEH therapym d e pr BflefmredoeobRd Ment s,

t he sanple is serunl I n. 5particul ar enbodlnents t he subject has a di sease

or di sor déPPERENT K Zasroitesting] It ¥ ST St sease (e.g., rheumatoid
arthritis), an |nflannatory di sease (e.g., inflamuatory bowel disease (IBD)
such as OIS s THp sentss team)thak ofithe @Fapit i crbin doing! {aexpyrily GrvecaReer . 101121
in Certa' m@q'nﬂ;a@%a%n 4;&%@@@1& ey e ﬁé\nzﬁy&p@g&%ﬁn Sf o Ry, NGy 3D
autoantlb y tot |ofog|c I'n ot her” enbodi nent's bi ol ogi ¢
autoa@@ib@dwawcﬂ®d@§ﬁmeMMﬁ@hmcvwﬂmg$@%@6@@@C4@mewnwanfme®h@mmmmwﬁ

anti bodi e nLd . g bodi es (HAFI A), and human
antl-nDuséméﬁfibo FE% (Emﬁﬁé ﬁnyﬁ%g1ﬁpg§§@%%blnatlons thereof [011.3[ In
yet anoth p t he. .pr sen nventlonr V|de et er m ni ng
et her o THESE Brsrhg T ORERER tuh P SRbientr Bodls TR eelRhr bitghe s

Cr 0ss-r eagbmo¢euatobh a second ( i.e., different) biologic, the method
conprising: 15(a)detecting or neasuring the presence, |evel, or percent of

a neutral izl ngpkQkipieh of R IARLidody in a sanple in accordance with an
assay described herein to determ ne whether the sanple is positive or

negat izxe frggopl henppttdnaloyzding pbRid® @fsafsher @rddtiRanid RadwingandyrbdeniN® sanpl e
is positive for the neutralizing formof the aut oant i bo(t 20(b) contacting

the sanpl &5Vl $HeRT 4 EHE B WeeoHAIBREIEENEL WS fobiRiogics sisdle i oMY dsitof t he

| abe' ed second,Riel Qgixiﬁ)i@nﬂictpm&cﬁ%wcﬁﬁéd i 'uﬂguiffgr YHLIQJOH;}@%C autRant doody
(i.e., wherein the conponents of the |abeled conplex are not covalently

att ached tevtedishz evherion-reellgimsjreetinpgntibrdids abel teek e ol seRiceios st ze
excl usi on e AL H@Eﬁ?om{gymhGf\ﬁ%@ﬁ%ﬁrabshe ThaBRl&diC oML eXa{ Bl sk rom free

| abel ed secor [
30 predicting and/or dctcm‘umnt the cross-reactivity of neutralizing anti-drug antibodies ina

subject’s sample with alternative biclogic therapies {e.g., alternative anti-TNFa therapies).
As such, the present invention provides information for guiding treatment decisions for those

subjects receiving therapy with a biologic agent and improves the accuracy of optimizing
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(d) detecting the | abel ed conpl ex, thereby determ ning whether a
neutralizing formof an autoantibody to a first biologic is cross-reactive
with a sewondij@isid] In certain enbodi nents, the presen®eTafS2eim437abel ed
conmplex is an indication that 30 the neutralizing autoantibody against the
first biologic is cross- reactive mﬁth t he second biologic i.e., the

2 ng) rn Sl Iblz IO nﬁg é)?g ta?qul’Il_ tUXICXyI éﬁi&l %E‘ m?miorm & ‘%hae‘lc‘%«h.%?\%(l)fviflel %ﬁ?ﬂi&. ‘Peatti{aenti iOte)ﬁOh‘r%%ts e ?{2 g

of the | abeked. conplex is an indication that the neutralizing autoantibody
against the first biologic is not cross-reactive with the second biologic,

i.e., the gmairad bz dﬂ;@.a&@isﬂﬁeﬂlhiﬂ@ﬂ:}éuw hibvin@ta kabbdict déhginaatcivistyccof the
second blologlcal drug. 5[ 0116] I n, some enbodi nents, the first and second

bi ol ogi cs *&FETI RIS HR %‘n‘%‘?‘;}‘%% TBlEAE PigmATRENGIOBUE THNGEE 1t § HgPbt the

ant i bodi esndifdGompanhd.- TNFa nmonocl onal antlbodles) antlbody fragnents,
proteins (e.g. cytoklnes such as interl eukins) ypepti des, peptides,
fusion protein&) mAPlGEIEhE AT Yy bﬁb@f«%biﬁ@“waﬁtiﬁ%ﬁw il iclonf tgat es,
vaccines, nucleic aghds.sy4gars, recombinant forms thereof, engineered
forns thereof and conbi nations thereof. 10[0117] In other enbodi nents, the
sanple is a whol e Uﬂboddf&eﬁﬂﬁkdepmpkégﬁalﬁéwp¢émﬂ@fgmkﬂﬂweﬁ?aﬁ§@bject
recei ving biologic ther I I r, t serum
In particular enbodlnengg%kdﬁgﬁgﬁﬁ&%iﬁg gggg %?gggegm%%pgﬁggggggnggﬁh as,
e.g., l&n autoi mune di sebsiers(labagd, wrﬂné&maftrmtdmaktnﬁv pttdckyd, to archi otk ammat or y
di sease (e.qg. |nflannaggﬁyjbomel di sease (1113D) such as Crohn's disease
(CD) or ul cerative colitis (UC)), or cancer. 15[01181 In certain

enbodi nents, the saipl e shasondizbekd suspectied infulawinmmgeasr cavigantdfbedy to

t he biologic. I n ot her It 0l.0 ut oant i bo i ncl udes, but
is not linited to, huma d?%q}qu‘Fﬂ“rTé 61%%&%&“‘68*3?g‘é‘%‘{‘%r’%&&‘) “%
anti - humani zed antibodieﬁukmﬂbéfhé)Mwﬁﬂdnhﬂ&ﬁﬂyﬂﬁhﬁ@mmueﬁomhmm@@ﬂles

(HAMR),,. as well as conblnatlons -therﬁo i q%¥01;%% | certain aspects, the
assay nethods of the pr&SBRE*FHRVERTT ST PUFTPRLT '8 6 8- an 20aci d

di ssoci ation stigp COBREHS (AYHiLORbAGT oA HABPIe sWoblaBilc@EInthgl {1 @ze t O,
during, and/or afier contacting the sanple w-ith a | abel ed bIO|OPIC and a

| abel ed bi ol ogi ¢ bi HaIHG" AYPEEYERNLOPHC dePtEth et Ker vEspeetdhe assay

nmet hods of the presgpbgil MM RNE ORRNARRIBRNASE bRGot M@ nasEngear | evel
of one or nore isotypes of a neutraI|Z|ng and/or non- neutralizing form of

an aut oanti body t o RclBRispradleeclphbigioggilldeie PEEEG121] In one particul ar

aspectyy the pr@§enhnhﬂ%%ﬂﬁhoﬁx&&9%&9%§d@jﬂﬁ&bQ%HMQLmQQ&@%hzﬂgethe presence
of a neutralizing and/or non-neutralizing formof an aut oant | body to an

anti-TNl 7u, drug i rexaugignpbrematoepietelto @y cowpringitrgreaayecht aetd g/ The
sanple with a label%i}@?@éd&%’l\#d%?nolﬁrgzggmﬂﬂg %lﬁltﬁg 8k e TR 10, tﬁ£§kt30(' )a

first | abeled conplex no- ¢o or conj gat
| abel ed anti - TNFa dﬁm@n%@d%ﬂhegéﬂﬁo@ﬁtlbody (i.e., wherein the conponents

of e Tirst | aRe! odGaMR) X ALR AR SURLEM Vueh h DS nsRh g her)

and/ or a second’| ab of the
| abel €d anti - TNFa dﬁng})whm:Mabefed:Ihﬂ@ﬂmaugebhmu@mmmaﬂb1h@ﬂythepbin t he

component s of the secoRd | abel e, SQUPL RN A6 bk ALY, ALLgshsd to

following SEC of a reference sample containing only free labeled biologie
binding moicty), thereby detecting the presence of a neutralizing and/or non-
neutralizing form of the autoantibody.
30 {8892} In some embodiments, a neutralizing form of the autoantibody interfercs with the
binding between the biologic and biologic binding moiety. In other embodiments, a non-
neutralizing form of the autoantibody does not interfere with the binding between the

biologic and biologic binding moiety.
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S(b)subjecting the first |abeled conplex and/or the second | abel ed conpl ex
to size exclusion chromatography to separate themfromfree ( i.e.,

unbound) WweleiadesibECt, free | abel ed anti-TNFa drug, an@tmmsaommmbaex of

| abel ed anti-TNEct drug and | abel ed TNEa; (c) neasuring the |level of free

| abel ed TNI Ta after si ze excl usi on chromat ography 10(e.g., by nmeasuring the
2‘;§f‘uglngﬁr CG%IJB somen}ilanc %%8 gageelet iaw%éu l?i%ﬁi%qng;e’\!‘v cp %@Ps?sl ol%lalie ed W{l?r}e fSI Z€

| abel ed TNEah;ngea(suwédn umummpa (sClrectad bblnel Hidugh («0f , hiscdel dndbeli€abcTdN-Fa in a
control % (e.g., by neasuring the Al X of the free | abel ed TNEct peak
fol |l ow ng f a reference sanple containing only 15free |abeled TN 7a),

t hereby d ing the resenc of a neutralizjn 0 n-neutralizing
formor ¢ RPHle SRR BORy AR5 Ane R S Ehallir AP0 REeME Mofhg f oo
of t he sautigaibtdi bﬁsﬁiyimmaees sEriemgsibidiitoheoibiy rnchan@edmtsme@ ithesamtdr- TN Fa drug

and TNFa. |n ot enbodi alizing form.of .the autoanti body
Goes not FHNERTAREIGITT A Biehal HG The R HEe B s e GOt 20

TEFa 101%%3@1: nirﬁ@ﬁ@mlo]pﬁet aﬂ&feaagg Stk g@od; a8 ehednd gﬂﬁa ;@?@s&;ﬁ@&;mﬁv llbagel eg/ TNFa
that is substantially free o ound anti - TNF r e , .| abel ed and/ or
unl abel ed %8%EFd FRERDE FUE)OT thegies Apeioq DdssliH %ﬁ@&f‘«rﬁ@m~§iv&?&%@1€\rﬁ| i zi ng

form of t maiwg@@ni lq@@s@},{mh% getacties abendhanhavelnifcokbaed 1ag: lahel ed
TNFa measured in p (c) is the sanme or subst ant | all'y the sane 25as the

| evel !8f t(‘ﬁﬁkfﬁrﬁéédbﬁa%éi@wwﬁ&%“& HOEHE" 6o sgapl e. 1 n certain ot her
enbodi nents, a non--neutral izing formof the autoanti body i s detected when

the | evel 895} hé prdaily spopEFeTNREe ed stibe dor frbgeépopier hi@f%ﬁ@?f@%sed (e.g.,
substanti %&(Jd%f&ﬁﬁﬁ%@%ﬂ@ cRLid@bs 8N s(}@gtfgmaﬁ}”@g%&?gsac@cl Bc16OIPaLEedLEy t he

| evel of the free | abeled TNEct in the control sanple. 101251 in partlcul ar
enbodi menttilogihiendiay sloicsf intthpecopirele ainplsethed TNt Ab a8 0 7. %epile) 30i s
consi der eg»t,0qpe subskantioal -y, @0 % Negloevigh, afot fyee L@)bel ed
TNFa in t%é Sont r% s%grrpFé/aV\%ﬂ? T%? ?sn%ga?sggsféaboﬁt %O//q&‘@ %6 %’81%
82% 83% “8%«%)?( L&%%hv%%OfSW@/ﬁCi‘SS%wi&gﬁi@g@@l@Xéimg1?%@9@%%@8%th@ét%tm%% 96%
97% 98% h 1 lLe the control
sampl e. &ﬁgr ] Cua]t{?cu a?%%g%ﬁifﬁeiﬁi e lf\hfo% tgg %Fe ﬁﬁ%@“ﬁgﬁﬂ d éelgE TNEa
measur ed umms;n"epm(s@)s {d)98 ammscrdaér(éet »ubl»tme‘a%\udhstaawmcainb%aﬁi ex}hsehsﬁebf gonpar ed

to the level Falnthe contro ., 1S at

[ east abodt &Bbied BEue Bl RREuR0 002 n0 3508 YBeta oS P &5’ Than
the | eveI 60%0, bire, mrmg%mwmmama oEgSUedhimiht heciod riteriak LStﬁhﬂﬂ e. [ 0126]
In cer,] (?rrbodl nent s of fr | abel ed TNFa i s neasured by

i nt egr: t| rk&f ‘F\Eé‘“%ﬁ“%ﬁmt?%@fmi“‘ﬁé “EUW@I“("E&)W? the free | abel ed TNFa peak
froma pIot of signal |ntenS|te{1 as a function of elution tinme fromthe size

excl usi on ¥REbmat vy dpEny. (e Srg-qipiee)be pdopia induneoeirdotirtelts, the

anti - TNFa pdnig. b é»%@l 961 Bthcf HOBML DB G AURL AR, 10fic REM: CARERM
(infiixirnab), ENBREL1 (etanercept), HUMLRAI m (adalimunmab), C M A(T)

(certol i zuRE: %ﬂ%é@&ﬂt yi sigpMRERPY(g 6l fimirabt clamomAByn therers sosilenat i ons

t hereof 1Qf0Q12¢ yrd}gy )th&g‘r(eﬁ‘bpgl) ments, the sanple is a whole blood, serum
or plasma sanp 8 rom a subj ect recei ving anti-TNFoi dr ug ther apy,

In pr PQf er g?&gﬁgn%?dl rT;eQTEbUﬂlér en s gR oL 1(, Rell ﬁ,rs%mibodi S Eal’ tiil?uil]\a}rq muréoc, UYXEEE nts,

t he subje sease or

aut oi nu nenﬁiiasiezas em(hedg tmamhﬁum&msde ar thbmnabs}wm s Julhfnlta ﬁmp@mymm sease

l(,lle cgr ét : veé® ;%igm ;[:f}?sr Hﬁﬂm muim a?gn?h&g/igl pro"ilmm dﬁtibﬂd‘v ng ;,onjug,d?ms ‘dele"Q) or
nucleic acids, sugars, recombinant forms thereof, engineered forms thereof, and combinations

thereof.

30 {8098] In other embodiments, the saraple is a whole blood, serum, or plasroa sample, e.g,,
from a subject receiving biologic therapy. In preferred embodiments, the sample is serum. In

particular embodiments, the subject has a disease or disorder such as, e.g., an autoimmune
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15[ 0129] In certain enbodi nents, the sanple has or is suspected of having
an autoantibody to the anti-TNFa drug. In other enbodi nents, the anti-TN Fa
drug aut osotoisadysioncl udes, but is not limted to, humamCaAiSReICI#ITEs | C

anti bodi es (HACA), human anti - humani zed anti bodi es (HAHA.), and hunan
anti-nouse anti bodies (HAMA),a well as com bi nations thereof 101301 In
ﬁggtsnre: ng%réts%;%g ¥eihe\lup eﬁomi ar&}n‘n%r)rtal}len? amméﬁr‘]r%érg?t a:ixglnng yl!argi%aifory bmtalp,lt(‘.)ga];ﬂ(‘.):’ body
to an ant |dfa¥MEa}m},>ugun€ao}samhh@m (e cmekbrochccoiipy {181y c{ragr. cont act i ng t he
sanple with a | abel ed anti-TN-Fa drug and a | abeled TNFoi to form a first

| abel %che)(}mspx I %areaﬁ,mimumwﬂ@ %@mh;?g(hagror @&ﬂmg@ﬂ e) ha@fngtahauidbliabel ?d ]

anti - a drug and the autoantibody (j.e., er e conponents of the
first | abdiddles iﬂefszh\éfv@%ﬁ%m@w%ﬁ@ﬁhv aa?%%@r%ﬁvmf@ desalh w%@mw ¥nd/ or
(ii)a secongad abeliBdeGomBbeXe((tiA@A), HIAANQH GORRAIEX AHiLEORI (HAaLLe) Rl the

| abel ed anti-TNFa drug" the labeled 71..NFa, and the autoanti body 30wherein
the conporswEsxEFIes asdudia (1 AbE et wiimplcexbaremserebval ent |y attached to
each other); (b) subjecting the first |abel ed conplex and/or the second

I abel ed cdﬁ?ﬁfﬂﬁéx in grogicy espextchugicant ehevwapoyrap hycthod Sepazatwsthemydirom free

-, , a
corrpl ex of%?ﬁ&g thﬁp nfrg %%ﬁhafﬁ"g{gﬁnwldﬁe{f eg& 1?!%% f%& a%%g%g{{t he | evel
of free | abepedngINFa after size exclusion chromat ography (e g., by
rreasurl I,ng t he area un er 1 A he fre 1. TNFa peak
fol | ol ng size' éxclﬁ R 12 b‘irlré)thb‘élrﬁg‘ﬁ)#g&(‘%é&&fm “‘“%a?tbafggm %S kﬁm?? e | evel

of free | abel ed TNﬁanxmasﬂmd in step (c) to a nornalized | evel or percent
of free |abeled TN-Fa in a measur i

nor 1§ 2i ng the AUGIbf CHEYHTBCHBRRAE TR Bk o Tont M GEC 6t

ref erence sanpl e cont ai ningdon iy sixﬁi&hé abelhesodiN. 4, &Viﬁ@ﬁ'iﬁ)&l@@biﬁ@b@nt\h@ | evel

or 10 percent of free Iabel NLI}J wher ei n tre normal j zed | evel

percent of the free | abélel 1? CHPIRE T E T GI LR A ”‘idﬁr?‘é‘é’bléfﬁ)ds to t he
| evel @r percent of a neustalizing formof the a-utoantibodv. 101311 in

sone enbodi nents, the dlfference bet ween the normalized | evel or percent of
the free | abel ed TNEa i rf SefEd ORtr 6PMRIER{Ice TBRENG- FETNIBVEISOBRLHSE heabel ed

TN-Fa nmeasured in step ]Eai{cﬁalibﬁ@a}é}@%@qmit‘rf?oﬁvhebin@i\ﬁg|ma93’i“v RREeent of a
non-neutralizing formof the autoantibody. 101321 In sone instances, free

| abel ed TNFa consi sts offwlOc‘jiiﬁi”éilﬁérilffT‘NFI*é?vft"»!ﬁﬁaﬁ?L %}ﬁ@ﬁbm atbe grepyd ippaddl of bound
anti-TNFa drug (e.g., Ia@ﬁggqap. J‘va}éﬂtlhag%l:ﬁgt@%c%o?ﬂ\lg? drug). [0133] In
efr

particul ar enbodi nents [ evel or percent of e labeled TNEct in a
contr@P sanpl etti}s nobiveliiszbdlibyisp@abumiphy sanfer freakcoad Blelt@cqupledy sireasuri ng
the AUC) of a conpl &lhusion chromatography to separate them from free (7.e, unbound) labeled
biologic binding moiety, free labeled biologic, and/or a corplex of labeled
biologic and labeled biologic binding moiety;
{©) measuring the level of free labeled biologic binding moiety after size
25 exchusion chromatography (e.g., by measuring the area under the curve (AUC)
of the free labeled biologic binding moiety peak following size exclusion
chromatography (SEC)); and
(d) comparing the level of free labeled biologic binding molety measured in step
{¢) to a normalized level or percent of free fabeled biologic binding moicty in
3G a control sample (e.g., by measuring and normalizing the AUC of the free
labeled biologic binding motety peak following SEC of a reference sample
containing only free labeled biologic binding motety to calculate the level or

percent of free labeled biologic binding moiety), wherein the normalized level



70 formed between the | abel ed anti-TNFa drug and | abel ed TNFa (e.g.,

"l abel ed conplex"), and then subtracting the neasured peak area of the

| abel ed cwopbs06s10m t he peak area of the free | abel ed PRIR®2(12/0¢5794 by
measuring the AUC of the free | abeled TN-Fa peak). [0134] In certain

enbodi nents, the level of free Iabel ed TN-Fa is measured by i nt egrati ng the

area under the curve %Auq)ot%e i’ree abe{eg%xolio Jl(iebméjmgyiﬁlaetﬂh%(e comm @am lOt of
signal intensity as’ unct i exc USI on

chr omat ogr aphy (e. g_o;;egﬁa%mme)iweﬂ nr @dver ofemodiimentisym «Mhhe dnemahbcmy. a
conpl ex formed between the | abel ed anti-TNFa drug and | abeled T-NFa is

measur ed tymmpt e;gm@d @@i;timilAb@ afffetdres sdeenl irbelradi-tildval J}%@Kﬂftl’u@m -a pl ot
of signal nsity unctjon aof elution t| me from tg ze excl usi on
chr onat ogrfaﬁ cf(%“@z Ogl LPREFLY BEEFYRET SPRPIE 8F¢ P VE SEF ﬁ‘f a

subpop-=ul atdi9fc ﬂfidﬁ}?ﬁlo@w Qanti-hady:d @) &@ie%‘lﬁili\ bR dRy A Gk B 8¢ amvﬁDA) is a
neutralizing fTormof the autoantibody (e NAb). In sone enbodi nents, the

total | everuighizan QuGamaEsaPEs an ant i -TNFa drug in a sanple can be
cal cul at edWé% adding the levels of both neutralizing and non-neutralizing
forms of #W&Zhutbims %ﬂvmﬁra%ma@ad Pplogediiagripdewicor thd 1thsteHS#80%8¢  t he

i nventi on pigkdl38ded Mhap AMBLSFARN MRS ouddBolb &Y &) ¢ Obndhenlinegubiahel ed TNFa
measured in step (c) is further conpared to a negative control, a positive

control, &mieg@onbi nation thereof Non-. 5limting exarrpl es of negatl ve
controls include a nouse nonocl onal anti-human 4.)",(3[ Fe sanple and/or a

r abbi t{¢nori®EBbnat patalar Hiﬂ’mﬁmﬁ@f@ thrleve appirecnt Nothe i‘rrfcrﬁami%bie&a ldgrzof

posi ti ve GRRLy Al Soduel UABIcd: RAGLEAADARASHL NG RELLENL, SETWRLGATRLS and/ or
a sanpl e of bit polyclonal antibodies ag i nst the (ab )2 fréagnment of

an anti - TMR&L}deugﬂmﬁﬁlﬁ*mv@ hotfarrt thelbebodiogring thetidfsicg drden biofing he
neutrali zi (E}Q?{)PJ - ‘?{be%ep% Al ‘%%ﬂh'ﬂ?@%’mﬂafl& e A ;%ﬁ{% J‘%ﬂﬁé’m&ﬁeét ep (d)

i s conpare Poe "or er ence 1 ge est rom a
heal t hl y comprelrotahgpqek age mwhlhe rﬁ:unhuhds@bluhpu Hnniirpanmmlﬂ ar benbadiinent s, the

cutof f, .val ue, or. refere nge. i rqs s a threshol d percent of NAb
t hat tiﬁe sﬂ?an‘% %(?ngfst“’ gd§%’§ﬂd?10%rg&e?jn‘f %mc sil{a)dered p05| tive for NAb. In

such enbog ts, the s oSt percent of NAb
det er ni ne é{lbﬁp step 't %“ln%ngin}cél%ttgrg ari;\élocrf{"é“ ibsies bwkfé“t %ﬁe&%’ﬂfmf Y Val ue or

reference meamgﬁi ‘@,&hﬁ:bﬂatxﬁi\ﬁd afeh anget ki& cheall & hﬂ(y of:tthemmﬂabv dachbiolut;e I‘omdino
R ENE R I A R e (0 ST
establis h&}dclﬁﬂi@fﬂhﬁ’@ﬁﬁdﬁ%@@htymb Y., 6POT0IC). Nomhdrichibbdingnexanphasf ataeptof f
val ues, o 1 SlShence, LANIes, | ARLudo: SRl §2RL, AR QBB {0 O 0%
integrating the AUC of th\, free labeled biologic binding moiety peak from a plot of signal
intensity as a function of elution time from the size exclusion chromatography (e.z., SEC-

HPLO).

[8185] In certain embodiments, a subpopulation of the autoantibody 1o a biclogic {e.g.,

25  ADA} s a neutralizing form of the autoantibody (e.g., NAb). In some embodiments, the total
level of an antoantibody to a biologicin a sampie can be calculated by adding the levels of
both neutralizing and nov-neutralizing forms of the autoantibody measured in accordance

with the methods of the invention.

{31861 In some embodiments, the level of the free labeled biologic binding moisty

30 weasured in step (¢) is further compared 1o a negative control, a posttive control, or a
combination thercof. In further cmbodiments, the percent of the neutralizing form of the
autoantibody (e.g., NAb) determined in step (d) 1s compared to a cutoff value or reference

range established from a healthly control {e.g., normal human serum). In some embodiments,
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3.08% 6,50% 2.70% 3.09% 7,00% 2.80% 3.10% 7.50% 2.90%
3.W0%)13/006810 PCT/US2012/045794

the cutoff value or reference range is expressed as a threshold percent of NAD that the sample
srust have 1 order to be considered positive for NAb. In such embodiments, the sample is
positive for NAb when the percent of NAb determined n step (d) is greater than or equal o
the cutoff value or reference range established from the healthly control. In other
embodiments, the sample is negative for NAb when the percent of NADL determined in step
() 1s less than the cutoff value or reference range cstablished from the healthly control. Non-
limiting exampics of cutoff values or reference ranges inchude, e.g.. at least about 8.25%,
0.50%, $.75%, 1.00%, 1.50%, 2.00%, 2.50%, 2.60%, 2.7(%, 2.80%, 2.90%, 3.00%, 3.01%,
3.02%, 3.03%, 3.04%, 3.05%, 3.00%, 3.07%, 3.08%, 3.09%, 3.10%, 3.20%, 3.30%, 3.40%,
3.50%, 4.00%, 4.50%, 5.00%, 5.50%, 6.00%, 6.50%, 7.00%, 7.50%, 8.00%, §.50%, 9.00%,

8.50%, 10.00% NAD, or any range therein,

19187]  In some embodiments, all of the autoantibodies to the biologic are neutralizing
antibodies and the sample is defined as having 100% neotralizing anti-drug antibodies (NADb)
and/or 0% non-neutralizing anti-drug antibodies (non-NAb). In these embodiments, the level
of the free labeled bislogic binding moiety measured in step (¢} is generally the same as the
ievel of the free labeled bislogic binding moiety in the control sample, and the autoantibodies
are predicted to completely block or interfere with the binding between the biologic and the

hiologic binding moiety.

{6168}  In other embodiments, none of the autoantibodies to the biologic are neutralizing
antibodies and the sample is defined as having 100% non-NAb and/or 0% NAD. In these
embodiments, the level of the free labeled biologic binding motety measured in step (¢) is
generally absent (e.g., undetectable) compared to the level of the free labeled biologic
binding moiety in the control sample, and the autoantibodies are predicted to not compietely

block or interfere with the binding between the biclogic and the biologic binding moiety.

{0169}  In further embodiments, when both neutralizing and non-neutralizing forms of the
autoantibody are present in a sample, the percent of each species can be expressed on their
own {e.g., S0% NAD or 50% non-NAb is defined as an equal proportion of NADb and non-
NAD in a sample) or as a ratio. In certain instances, the ratio is calculated by dividing the
ereent of NADb by the percent of non-NAb, or vice versa. Tn other instances, the ratio is

calculated by dividing the level of NAb by the level of non-NAb, or vice versa.

{8118} In some embodiments, the biologic includes antibodies {e.g.. anti-TNFa monoclonal
antibodies), antibody fragrents, proteins {2.g., cyvtokines such as interleukins}, polypeptides,

peptides, fusion proteins, roultivalent binding proteins, antibody-drug conjugates, vaccings,

25
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130% 8.50% 3.01% 3.40% 9.00% 9.50% 10.00% NAb, or any range therein.
In sonme instances, the cutoff value or reference range is about 3.00% NAb
or about WO@3eak810r bet ween about 3.00% 3. 10% NAb. 101B8T/USR0I20O#ETI4

enbodi nents, all the autoanti bodies to the anti-TNFa drug are neutrali zing
anti bodi es and the sarrpl e is defined as havi ng 100% neutralizing anti-drug
laﬂt It Egglee: né)eia agld‘h tqlégd?‘{ Fle%(%lllplggl’ii@ulgltsrﬁh@reu reélélﬂ GY i‘g%y$ﬁ6% aﬂé) C()él’g)&i}_aél InnNg\'?)ep
(c) is generalfly the same as the | evel of the free | abel ed TNFa in the
control sanple, and the autoantibodies are predicted to conpletely bl ock or
interfereguith thenhlidndiongehe! weemtihg aaniole tINA eer@h UG paRsla Te, ¢30101391
In certain other enbodinents,. none of the autogcglbodl es to the anti-TNFa
drug are K& T HPIETIRE UMY PHOEICSETHNG 1 HSTEANEMEC T ERR TIPS VG 100%
non- NAQ a%@f{@ﬁla@dﬁﬂ%ﬂ&enlﬁﬁﬁehﬁ%&:t snbodi BN SisoldResdcBYEL 0k LS Hge | abel ed
TNl 7a nmeasured in step gener ally absent ((e. g., undet ect abl e)

conpar ed tietRE $eﬂ¥’e‘l‘m6?”dtaﬁemf @ pisEnddy JeRE (e & nint pengieht o1l sanpl e,
and the autoantHnegdies @b PEedLd C@Q ot QichQby %m gleh Y blogk or interfere
wi th the bindi ng bet ween the anti - drug and TNFa. 101401 In further

oo Ter kB NS AL £L 08 ADL PR GHLLALLRLDGf QL/TB Bl 1°

aut oant i body resen 'n-a sanpl g, each speci es can
expressed ﬂmbublbgcrhﬁﬁmm(aedzgmm& Smbimgicento&ﬁ%dmmem g 1‘dxeft lhmetdd as an
?ﬂgtala ni r O%g{ntﬁn anti- g?umarlnsang’ \ditU% (?&gﬁs b nm&m cirimiﬁm’))dmﬁud an?‘flr;odx N iIA?E cer t ﬁ'len
per cent of}mmeﬂna;hm{npumdmﬂn@m\f(feAsﬁx), elsnmbitéaebmbmsﬁaﬁxnde&,nfthe ratio |s
calculated by dividing the | evel of NAb by the | evel of non-NAb, or vice
versa. Q34110 Va 2SORE® 2O o FRRES imbRonaRbTideE Nlnlih dr Ugddi&msghect ed from
the group consisting of 10 REM CADETm (i nfli xj mab), ENBRELTM (et aner cept),
FI LI NTI RAThe{hatm gy forert a1 osnipedane diiss HRKSSEVAPONEIEYS W8l | numab:
(NTO 148) R4 combinalii9nsgit hes @;Qﬂimd d944%%kel n other enbodinents, the
sample is a whol e bl ood, sefum or plasma sanple, e.g., froma subj ect
recei ViSng ant i (TNFrisicipg ¢Herapine ety eidmew‘@af ‘Hanegreliphe fgagl e i s
serum In particul ag, %&9&%&@%%%&5&@ﬁé&%@gﬁwkk% aﬂasbb{' E&ﬂﬁé&'f@?oﬁ%d' sease
or disorder such 15as, e.g., ‘an autoli rmune di sease (e.Q. umat oi d
arthritis) or an wﬂdtvammtw:hﬁshedihsea@ée (%esogtm@fnwegamrehwnﬂbewmdpeease
(113D) such as OOhﬂﬂ?Qx‘t@aﬁ@‘&&iv ) or ulcerative colitis (UC)). 101431 in
certain enbodi nents, the samﬂ "has or is suspected of having an

aut oant i body tdﬂudren*ah‘tii 94$MxEéosdhugmrh g floan oetbb@utpmmhb@,g tithe anti - TNFa
drug autoantib y|n ) N n_a hi meric
anti bodi es ( HAC kﬁlld%‘lgl géchgf lefn%g vutha abaimglﬁctcl xgl %Qio i %g%ﬁ}iﬁ? L% qand hunan
anti - nouse anti bodlcemp(ide\m) a@ﬁed\ﬁ.edimdas;imnmidraMne@nshmh;emﬁmﬁi thd 01441 In

yet another particul ect the }? esent | nxeg{h i ipr oVi es a et hod for
det er mi ni ng whet herm“‘ GF 92 WG BF AP BPORHS SUES ar}i)f‘ Sé‘(ﬁ FHYE "F i r st
anti-TN-Fet drug i Sco@Eieﬁgr;{t@,aﬁzﬁltdlﬁadﬁbﬂlhﬂﬁ second (i.e., different)
anti-TNFa drug, .the pethod, c sin
g{c) Sug;%cting the l%ggec! complex to size exclusion chromatography to separate
25 the labeled complex (e.g., from free labeled second biologic); and
{dy  detecting the labeled complex, thereby determining whether a neutralizing

form of an autoantibody to a first biologic is cross-reactive with a second

biclogic.

[8114]  In certain embodiments, the presence of the labeled complex is an indication that
30 the neutralizing autoantibody against the first biologic is cross-reactive with the second
biclogic, i.e., the neutralizing autoartibody will inhibit the activity of both the first and

second biclogical drugs.
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(a) detecting or neasuring the presence, level, or percent of a
neutralizing formof 25the autoantibody in a sanple in accordance with an
assay deswoi2bsdobsanei n to determ ne whet her the sanpl e PSTASIRINFTIOr
negative for the neutralizing formof the a-utoantibody; and if the sanple
is positive for the neutral izing formof the autoanti body, then: (b)
Fggtelagfjl g ﬁgﬂngl zi?({rég inth Fmg LIIEﬂ%i%%,z%eo%e&]%Qdi i%ﬁ_h{[)eeé\lé rr&plvx 18 gn %nr%iuapon

neutral i znimgﬂfwmnmmt mglaemambb@aasgmﬁsoﬂyn(si bielogicihert eras- tdaem@:@rrmohﬁent s of the

| abel ed co re not,cov at t. ed..to e WO

2075] 0066 10RET) 0SS JASTOR Fas B uBRR Ry R T RD R T toce8 s se
excl usi on behwemiagr aphy to separate the | abeled complex (e.g., fromfree
| abel ed second anti-TNFct drug); and (d) detecting the |abel ed conpl ex,
ther eby desEsm m agnarheibliiens, netits akd wtag doghof: ade@utgntichatfoto a
first anti-TNFa drug |sfcrﬁ¥)§ reactive w th a\}5 ﬁ n@ an;tl- NFa drug.
[0145] | n REF P RS AECES (e PreSEndBOBE PHE T HHEP o8 BShl ex i s an

i ndi cat i ofrafhadts, Phecineuld, @lmz:megbuami@@mibm&y pag@qnﬁh phgidkd, Fsforant | zI NFa

drug is cross-reactive V\nghthe second anti-TN RL drug, 1.e,, the
neut r al i zIPHY"BuEBEREICBOYT B PricinipbPedy ¢ae awaﬂwa‘atfm%ﬁhkf%% rst and

second antj, JJ\IF%oﬂr;Msh% FordQLREAE] cnbRe&GoE tRLNRLDL in EARAM B BeretNe absence
of the lab Zfed conplex is an indication that the neutralizing autoantibody

agai nsk tg@&(if‘i’tr $it mﬁﬂi Jm'b-lgﬁl ngrilﬂg n§p nQt, aqu{oﬂ\?’ﬁox{f%?%t )@p‘(&itngs xl}}ﬁ §Q,cond

anti-TN-F e neut ra I ZI ng autoanti not ‘i nhibit the
activity ofont h@!bsewamiambln‘bim tRagy ﬁ?gpm{ﬂfi)i};@fil]ﬂb%hmptm tthaecwivake 1emmd| irent s,

the first 5 fromthe
oroun. bondf Py AEERRT AN AR ey 8 L MSRRERRA L hoagl st

FI UM RAT" sj(sa@al(emmmmtgudathﬂq}m@rn)ﬂz(numan@Idnszamt:l(kaj;) pégohitonSidvRONe

oo meneE o NI R PO QRO SOB o IO, o o
froma _su recei ving anti-TNFa dru t her apy referred epbodi nents,
the sanp 25%15 2 EF R %ﬁd‘ﬁéﬁ% BRI é‘ﬂf‘r?ﬁ??@%’“ g Eﬁab’fﬁé‘ﬁ?d’ﬁ%&é‘g‘aﬁ‘

TNFa- rredl atedlodhis €8BSR Q@LmUhEREEE Ith SHER; @%uto@ntﬂ%odx Qa@iu@élt @étWﬂﬁnﬂb@@ase
(e.g.., rheumatoid arthritis) or an in tory dlsease ?
i nf | anmmat SR{FebEitet “‘a?féfe%’é%o@wL‘s(u“c’hh‘é%ﬁ“@lniﬂﬁﬁmé‘mé‘?&?é%i?%‘i‘i‘éﬁ)“‘ Bt tildcer ati ve

colitis (WGhhaankQhARE ahibRRk @M ANRAMINRRESHinkiSs aMRke has or is
suspected of having an aut oantl body to the anti-TNFa drug. |n other

enbodi meng §§ ’é(}f h @t@&!n '1\ ng Ayt ?g%é&l? 9‘1¥ c»c%h&qg&l LQ{H& doﬁ g? 5(%9;[ limted

to, human ant himeri ¢ ant i bodies human anti - humani zed anti bodi es
20 sacid dls*;oma‘uon step comprising contacting a sarple with an acid prior to, during, and/or

after contacting the sample with a labeled biologic and a labeled biologic binding moiety.
[8128]  Tn certain other aspects, the assay methods of the present invention comprise
ctecting the presence or level of one or more isotypes of 4 neutralizing and/or non-

neutralizing form of an autoantibody to a biologic in a sample.

N2
(9]

{6121} In one particular aspect, the present invention provides a method for detecting the
presence of a nevtralizing and/or non-neutralizing form of an autoantibody to an anti-TNFa
drug in a sample, the mcthod comprising:

{a} contacting the sample with a labeled anti-TNFo drug and 3 labeled TNFa to

form:

30 (1) a first labeled complex (Qe., immuno-complex or conjugate) of the
labeled anti-TNFo drug and the autoantibody (i.e., wherein the
components of the first labeled complex are not covalently attached to
cach other); and/or
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(HAFI A), and hurman anti-nouse anti bodies (HAMA), as well as conbi nations
thereof. [0150] In certain aspects, the assay nethods of the present

i nvent i orwbuptmessieonpri se an acid di ssoci ati on step coORPTIUSR0MG/0¢904 act i ng
a sanple with an acid prior to, during, and/or after contacting the sanple
with a | abel ed anti-TNFa drug and a Iabeled TN- Fa. 30[0151] thhods for

detecting anti-drug, gnt|Q£gjg§%%%in% d dissoci atign nkdnuo crlged herein
and in PCT Appllcatl No- P 56 5?65353?1 19 Wuéﬂy 012, the
di scl osure of 'Which |sihekﬁbydﬂmﬁbnmq;dkednbyTWé%emﬂnEEMnMWub@hent|rety
for all purposes. 10152 In tertaln oth aspegég assay qethods of
the present invention conprise® GEFREFTRE 1ﬁ§&ﬁP HE “5@3’%§evoof one or
nore isatypes of a neut raldizitRguandd arcatioshagut ral i zing form of an

aut oant.i body t an a ti-TN-Fa dr n a. sa i ng exanpl e,
Che acsays of  {Ho PRBSEHE PhUSHEPaH CamBanGeei o ReRaNH HEMIPT P arbn

neutralizing 5 andéx@limﬂ@Bbrﬂ&t!ﬁot,ﬁbhﬂluﬂgpaﬁ%hkﬁl(ﬁo)ﬁpﬁ“& 7.8, ﬁmh@saﬁemm
ADA-p03|t|ve patients rece|V|ng an_anti-TNFa drug such as REM CADE

(infliximab) or HUMMRFHiCE SGalrEs Aihdby ¢ A8 @er arpmelsh ot bragit - Wéﬂ one or
nore i sotypes conpriges@aplidralrLy of at least two, three, four, five, or
nore isotypes. In ot her embodi nents, the one or nore i satypes is selected
fromthe group(cdonsierivng b levg Al freg Bheled GEF pigns 78 Aer BN SDEBA ey

subcl agses ther eof @nd GomlnaL NS, hlalReneal A U3 BERedhRNL S,
each aut oanti body |sotype is characterized, identified, and/or detected by
its retention tinmne. &ﬁhhébﬁemﬁewﬁeduﬁ@mﬁgmﬂ@aﬁHﬂadbb@ﬁtMﬁody i sotype is
characteri zed, ,jdent | Q UREN, (S I " erated
by the prOX|n1?§ b|% ﬁ%g’b?gggé%%ﬁgﬁpﬁg%%gges sﬁeﬁ‘hgyﬁjgiﬁ% }gﬁtg% NFa
drug and | abel ed IaﬁekedmahﬁTﬂﬁmgianMMbde@émS@ebwﬁweuﬁmgﬁdvﬁfeneﬁt
anti body i sotypes. | Nstance e conpr i se A
fl uorescent signal %%agbéﬁﬁyi}ﬁgkﬁi OA§% ngféggggggﬁggpgegnénnn QQQ er gy
transfiér (FRET). [Oﬂ&aﬁbeﬂ&t’ﬂ’ms tﬁmbsde:teenmq g paidnice df ug-uamiiidpohy/of ADA)

i sotypes are further des SH q i%ﬂ % tion No. WD 2012/ 054532, the
di sci osure of whi ch”{"S*HEVEDY Tt ?%%@8 %@ reference in its entirety fbr

al | purpo 1541 A .bi.ol ogi nti-TNFa dr 0 |oIo |c bi ndi ng
ot by (el02 TR gy i aor i Bine Bk bR "B Tt Pl ufect bl o
group(s). bhﬁu@ﬁeﬁﬁmﬂ&ddﬁﬁﬁb&hﬁﬁm}&ﬁiﬁﬁa‘bhO%@gkﬁxﬂﬁm@m,aﬂ@ihmﬁh&ﬁ@,drug)

and the bi.ol ogi c bindi.ng npi et nprise diff Iab

Cortain eldo gy oGl ik Vinhlhe DITRERIR Y O DY BB £y ndi ng
noi et yo( e TFEg. TNFa) is Iabeled with a fluorophore or a fluorescent dye.
Non-limting exanpl es of fluorophores or fluorescent (.1les include those
l'isted ingire; M acuil 1a\\rmdamlﬂeeia{;at@*mg@a&ma&&mn‘mw sNie ek R siRepnpor at ed by
ref erence (see t.o Flyorescent Probes and

Label i ng %&Hh@‘%@?@él%iéfﬂ%ﬁpt dgﬁfme&a%? fieb%%fﬂ H&: (2005)). Such

exenmplary f] hores qr fl uoresceng s include, are no imted to,
Al exa FI ué&@%; 3@%@%’ Oﬁ@lcﬂbe&%‘“ﬁﬁ%?%%m §%§i@mﬁe%%#%r%%‘ageﬂpd exa

Fi t ki e) 43QrAbexar fi: trké e%é&ﬁmexeaqﬁ AOR ste &4 is N 8XR JrkuehnialB3R saMl-eXxa

Fl uor (r) 546, Al exa Fl uor( Al exa Fl uor(r % 568, Al exa 30Fl uor(r) 594,

Al exa 2l udh feyevsie thofr \sc)ééib@ll‘»ldufo‘\lf(ﬂr1)q tgmynirgl saRB O FHLASFEINOtE R Snb ol 8sEs Bl uor (1)

647, Al exag.f Jﬁb’t@fa(ﬂéi}}g @@Q& d%‘lt%tol: J}t'i’&ﬁ[i( [JacR8RG '%Ih@ﬁ( Qﬁc v osded & &qgocﬁlde%@ o
Fl uor | ) 750, and Al exa Fl uorl 790, as well as other fluorophores

i ncl udi ng,meb%}tfedq!et“ep (it %@ieﬁ%ﬁd (DanspHac i@rdﬁﬁdeﬁ%@NSﬁ@Pﬁ)t (e 5~ undeteciable)
('Odoacet%ghgé%i(HQ%Q§8%¥&.@%;£@%QdTiF Q{Q§E&hﬁﬁ§1% 30t hi ocyanate (M),

tetrarnethylrhoda. mne 5- I sot hi ocyanate (TRITC), 6-acryloyl-2-
di met hyl a m a@bfh@z}}'@ﬂ%m@ &%4}?@%‘{“&:%&%&“& Ul 9%%%@1%}8%&%%@3511 wdhazol -4-yl
chl ori de ronl de, Lucifer Yel 5- car boxyr hodamni ne 60

hydr oGkl ons @esld@ﬁcé@qun@mh@i@aﬁw ﬁeneaﬂghﬁ oyl the ﬁk@iﬁbde} ThEx asthRGHTN

sul fonyl %Qh LLAE, it qg M t”@fi?hm %&)m %?%Sk'*f bnbe sagl 45, (8097,

1- anlllnonap t hal ene- oni'c acid

6- ( p-t ol uikdran§prEHhthal %21@ P2 /sur’i‘f/rom“e %&4» (370(01'%58)?,01‘32%; thhigvdliock g freAnt hr oyl
fatty aci H.Pari nar . Ly,

quoresce%ﬁ gpémwﬁ§¥méni %iﬁ“x?gh¥ﬁgppﬁgagﬁﬁfﬁ '%ﬂmnm %ih%ﬁfgf gﬁolatnlne
Pyrenyl - ph@phﬁtkdyNehmknnﬂﬁ1EbmpK@mykmph@s®hd&deMmhdemﬁga%ﬁromyaaine
540, 1- (3-sul fonat opr opy1) - 443-[ 2[ (di - n- butyl am no) - 6
naphthyl]V|nyl]pyrldlnlun1beta|ne (Naphtyi Styryl),

3, 3" di propyi t hiadi carbocyani ne 10(5)), 4-(p-dipentyl

am nost yry04- et hyl pyri di ni um (di -5-ASP), Cy-3 | odo Acetam de, Cy-5--



N- Hydr oxysucci ni tni de, Cy-7-4sot hi ocyanate, rhodam ne 800, |IR-125, Thiazole
Orange, Azure B, N le Blue, Al Phthal ocyani ne, Oxaxine 1, 4',

6- di am diwo-2813piee819| | ndol e (DAPI ), Hoechst 33342, TOTO, PAEAISAIIRA4¥aNgeE,

Et hi di um Honodi mer, N(ethoxycarbonyl nmet hyl)- 6-nmet boxyqui nol i ni um ( MQAE) ,
Fura-2, Calcium G een, Carboxy SNARF-6, BAPTA, 15 coumarin, phytofluors,

Coronene, .netal -] i.gand conpl S, | e(r)..700DX, | RDye 700, |.RDye..800RS
Roye "+ 400 5 ey Ry TR e ﬁgy%‘?é?i S&}gl? OV B ,?Wégﬁ?i 3@%@%% DY780,
and m xt ure%, tHer®@of, 7 Ade) GAalbeBuLt @bl Bsdtharoho phdrod shel fne labded TNFa
enzyne-cofaggoaf; gantgﬁnide% green fluorescent protein, yellow fluorescent
protein, rEdV UoIe8ERt*BPStein, or nmutants and derivates thereof. In one
enbodi nent _qof the inventian, ph§ %%COQ% n@gbermot 20t he sgegifiq bi ndi ng
pai r has a"él edt HBFE GO At BE HEE Y HEF SPeI° [ DISBIFyPre sy INFeraiRg

fl uor escente QEOHRe He &irld YQIORTUEr oG rLRM HHB 2Gak efaEA! Rkendiies
conpri sing pol ynet hi nes, pthal ocyani nes, cyani nes, xanthenes, fluorenes,

r hodam ned$ # &gt cHElon fipgdiceside pEs cghdioBobepemrarfo¥s6]) S HnHshe
embodi ment, the fluorescent group is a near-infrared (NIR) fluorophore that
25eni ts i ndtie fange wibcbetwsetic aifolNF6 B0 stivsciistdtirog00e g Useistfis vlear

nfrared fhuoressenceatechnabogy.is advaniaceous:in biolegleab asspys as it
Ty e es or re b f(g? rom-aut o uorescence of

substantia ' na duces ‘bac und
bi osubst r @teslizvdndthes), Bevehint™ olihheanearre Rif)| adrestandtont échnal ogy i s
that the scattered light fromthe excitation source is greatly reduced

si nce he S8 t &f bing dnbeRshkyhk SarlORARHANAbod QriheribBNEE senfigurd h power
of the wavel ength. 30Low background fluorescence and | ow scatterjing result
in a hi gh f@ryhabicegessiiseatat Vor daiteroy s ey Bred drbggpems gRISTEEASI ti ve
det ect i on.qoGHI TARKRN& cnfuDSinRPL! Gk IYect KRAASPATLEAL MDA I dD&i1PERE- 4R
region (650 nmto 900 nm in biological tissue nakes NIR fl uorescence a
val uabl e tectnchRegy Y dpegiodo i Heynagidaidrigulse et inframatiet dewepoi.g.

appl i cat | ang kARl bEOU! fia bR 1ABSIGSh PaRk L idhito b REQUAN Blohag).cal

conponents. W aspects of this e I ment, uorescent group is

preferabl y,salected formthe group caonsisting of. re. 700DX, | e(r) 700,
Roye(r) MRS TRBacy oot R T ab6 e TGN BT
or (r) 680N axa ™ ubng.rin o bekactH, varfr) O rugdheosatibbdyandindes, 780is  Cy5,

Cy5.5, Cy7, LWG676, DY680, DY682, and DY/780,. In certain enbodiments, the
mbar 1t AUt e AR BUES & BOGEA Ay 0PSB0 ey S OO
| RDye(r) TO8HAQrankM0OkM indi-FE:EGn1HdAL0 Td A M Apiestien ot bined dnb ghek®t.
acconplished using a chemcally reactive derivative of a fluorophore,
Common 1 e3gtsigy € 95 RURS pdNEIHAE RN E:BAGHI Mo HOLIMQCHARAE Br AB8LLNAL | Ves
such as FITC and TRI TC (derivatives of fluorescein and rhodam ne), am ne
react i2fe shideyohprRaiient drspgislichoms oS ordIds Beinntig Rl oslitg #ydr v
reactive npLeln,de.ack Lyal_e10fl uors such as fluorescein-5-maleimde,
runny of which are commercially avail able. Reaction of any of these
reactive dyes ®With «nprolaogs sapds yib 2 helpd TREFANHe do) 2o 2 oo gNEa bl ndi ng
noi ety (e.g., TNFa)gresults in a stable covalent bond fornmed between a
fl uorophore and a biologic (e.g., anti-TNFa drug) or biologic binding
moi ety (e.g.. TNFo.{(), 20%&58dbcled compkaiin. imstiancesyictf ol doomigrig) «d thd uor escent
| abel i;ng reaction, it isg;often.necessary Loto. renpve any .nonreacted
fluor o'"%hor e fromthe | ag‘gf‘%g dgté“?g\(e\r? dr%% Qeéé:iljg} G ﬁtl%s)(dl" éz'éé%(‘f}{g%i%%éonpl i shed by
si ze excl usi on chr omat ogeaphyepistodikierigstdde i tagplcofrenhecsbizahdithiierience
bet ween fl uorophore and A[%ﬁ%%je_g pr.ot ein. [01591 Reactive fluorescent dyes
are avail abl e from many “Bourdds? h‘ey can be obtained with different
reactive groups for¢iatt achtmitabeiad vanplovus. of unathooahplgh @upsjowidhif thet he
target 20l eoul e They BLE 3SRl ARl Sl RS LGl Sunliby Bon &1
30 wherein the components of the second labeled corplex are not

covalently attached to each other);
(b subjecting the first labeled complex and/or the second labeled complex to size

exchusion chromatography to separate thern fror free (i.e., vnbound) labeled
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a labeling reaction. In one preferred aspect, Al exa Fluor(r) 647 C2

mal eimde is used fromlnvitrogen (Cat. No A-20347). 101601 Specific

i mrunol ogvoab1iosgiong of a neutralizing and/ or non- neut PETIUSR2MG/083T94 - dr ug
anti body (e.g., NAb andlor non-NAb) to a biologic (e.g., anti-TN Fa drug)
and/ or biologic binding noiety (e.g., TNFa) can be det ected directly or
indirectly. Direct orescen t _or n net al s,
dyes, radionucli deer‘e éref?flﬁlegﬁmjrk? uﬁéa] 20 mp ”X F%ge dtan%i?l‘igigé}“rtal n

i nst ances, a bi ol ogireg el ighaled BHd; - TNFa, dr ug) or b| oI ogi ¢ bi nd| ng noi ety

(e.q., INFOIaeIedvmth t. 1 adion es. can.be used

det er i i ng 1 pr cLEhEE e e s LRAPINE 60 sh s T ¥y |

ot her instances, a @hemykhsnirngsecangendsIRycd: (USIMGT ahert uoicaescant

bi ol ogi.c (e.g., anti-TNFa dru and .bi ql ogi c bi ndj iety (e.g., TNFa) is
sui tabPe for sensitisge} "HHB“H"‘%-\?%&I gﬁ%‘f‘i % %’Pﬁéﬁf’f}?éﬁgg})’ ¥¥e presence or | evel
of NAb and/or npon- quaﬁnﬂaﬁlé avpl g mk Ehb@i@di TN@&'irﬁ:ﬁsulrﬁﬂﬁh aznpgﬁ to @ndhaliagi c
(e.g., anti-TNFa drug) and bi ol og bi ndi ng Oi ., TNl 7a) | abel ed
with different fl uo‘rﬁéﬁ’r%‘?r‘r%’é“?fsmé’df‘%%ﬁliéff’ F“‘%féi t‘tni‘%*n\é’cgf Wi B égence or
I evel of NAb and/ or,RQRr¥iRidMassamp iR fr-EXAMRh exrofhedd MasPhhseMS i NCl ude,
without limtation, Al exa Fluor(r) dyes, DAN. fl uorescein. Hoechst 33258,
R-phycocyanin, B- pWV@@%‘WVW?H}WOHRHBW%?W Rpgted ThHowamcnigte trelved of ed, and
| i ssamne Secondar y,anf Gl Gbelol TKEH). Ll AL AGBLOARSERE: 1%@.»%f%cned
comercially, e.g. 590a F(ab")2 anti’- humanl T gG Is avallable from
Tago Mununol ogi cal sfft(OBﬁiir&qudnlg"&rmm tgapntrglgasnis © @iﬁ@b@f@eﬁo habeblorippetigé

various enzynes wel J ar gh as horseradi sh peroxi dase
(HRP), al kaline phoi: k‘%ﬁﬁﬂ% ﬂﬁghﬁh 4&;%121:53551' dase, urease, and the Ilke A

hor ser ad| i dase .d tec i t he
el B SRR ot S W R N S I o I S
product i Hict hﬁdpﬁ esencet xetomydgamgﬁnd;meh@bét def frbakhdis] Thefeatabled iattepd 50 MM

An al all 0s e, ectl on stem can be_used with t chr onogeni ¢
SUbot rat e R TOBRARGE BhbSgiEcd o F GPRAFES i Ly BFHO o1 b e

pr oduct y detectable at 4 Simlarl, ai.act osj das

Fetect i on 102t i Bl aricedva PRt Rerehibhor! oateR LiEsorby gty

0- ni t r opheny bf demDagalract apyranosbeed I&(ONnR&ed whi Thryiekds a sol ubl e
product detectable at 410 nm An urease detection systemcan be used with a
substrate smh asSpdtfi@der RHODTGEES e EU&’E pk gerl D ghle tanrunarier eal @pudt .

Louis, M. usef ul ondary antibody linked to an enz can be obt ai ned
froma nuniar “@f“‘)&%ﬁ%& gfi ﬁlﬁa%%ﬁ% Lsge %e‘ Sy GRTCRTEDS ) %ﬁ %/inrgﬁ@ RungRiex

| gG alal |in@1vﬂ B@z&@&aﬁa@%ea@@mbwpyuﬁaha@@chbé é@m@@@k& OfatelaRuRER S eakiCh
(West Grove, .. 70[0162] A signal from the direct or indirect |abel can

be anal yz " %fﬂarm%%a% mewaéilm& Hegpfdbe bptbtoanbrdion Begetiadt droresf rom a

chr onozeniig,.gUBSIELAL 8; hRmkAdHAL 110 18OMNhEHd Brdel BCl, fadj ation such as a
gama counter for efectl on of 25J; or a flu oroneter to detect

fl uor escenggal nit heapreseieenef mb E&Qﬁtof@x - BLEIBE TRER ;BMEleNe! Ha{cgl;é%ﬁl
detection of enzyme-linked anti bodies, (;1\ antitative anal ysis of klAb

and/ or noraNAgs Yregidhacws e ABE rrd dhe fipsit ﬁ)@ivé J15 pepieler spHO bHBEIYESh as an
EMAX Mscr %E’la,ﬂtn€nﬁ!3?fd=§ﬁm£ Mpl.ecul /L nl?@ééh,ﬁ@%n MRl dﬁwﬂ?ﬁ\lﬁ(e £Ard ppagcordance

with the manutacturer's instructions. If desired he assays of the present
i nvent i on cdancibecdamtidmatcdel cop! qoﬁévﬁpéfﬁrfe@nqd@bmeméﬂﬂ ligpelednatitth&osiugrat! from
mul tiple n 1 I Q Atk n

embod men g g Bl AR e AR R g o

30pri nci ploésighal BE@:its at hianctpart tioligstint frdinflienanixcisiizeshrwinkibgeplytieg(fil ter)
t hr ough aq%%aHg)P(r\ary phase at different rates. This results in the

separati on of a“solution of particles based on size. Provi ded that all the
particles aded. si nul t aneousl| near  sinult usly, rt| cl es of
Phe. saffe. 40081 o ftECpGul bR e ar b e RErE e B s Pk e of

mol ecul ar (wei gbtss id hakirgiamdorerrs @p@é @aﬁt@:ﬂ}-ﬂb JhacexalAsi anchicfhbodekh®es the

nol ecul ar wei ght at t he up Per end 3
the tofal level of an autoantibody {0 an arm TNFa drug in a sample can be calculated by



this range and is where nolecules are too large to be trapped in the
stationary phase. The perneation limt defines the nol ecul ar weight at the
| ower endwof2ot3wesiange of separation and is where nol eckCegsedr2a4spal |
enough size can penetrate into the pores of the stationary phase conpletely
and all nol ecul es bel ow this nol ecul ar mass are so smal|l that they elute as

a 5single aQ%no the[le‘yep %botp neiﬁragi.?‘llng?_ﬁn on neutia 1:'1110 hnn%s tthe a%l o%gtlibv ‘9 ted in
const ant ‘\I m es"are in size,

t he nore Imdaejrgd mhaymﬁmu witle thic mcttods sﬁhemfve;amm on and not det ect ed
separately. Preferably, the collected fractions are exam ned by
spect r oscoPpile] tém:mmieqslmé@d'tmmemeﬂm ng theheseddrbdNiNTatmamured intshe (parti cl es

eluted. Ty |caII t troscopy 10det ection techni fuI in the
oresent | ROSKCPOWPAHAT AAES TGO M6 * ABUT TS o E €t P AP OREEP Y, Vel r act i ve
i ndex GRI )1,m161n§isxuinpl’vaw i@:k*ain(cbhﬁoi\ Inbluges maise hastiandas;-hidhe I@t}urt on vol une
decreases ro lin arI | ogar m of t . ecul ar odynam ¢
vorume ¢t ent® ez S deblonl il Sup R R Sy ote. (G BBy RPPER Cher

aspect, t@eqmm@h Rbis ﬁaﬁthEGﬂT{DAQ\AJ ﬂ&&wapﬁi‘%’hh%mﬁ UM QRishgpiane/ o][
150ptim zing.therapy to a bio Cc I n a_subject recelving a course o
therapy wi't ﬂ@ﬁ%»&?ﬁ&%@i&@m@%ﬂ%&%%@ b SHBPPE PAY ﬂﬁelay\}a%?fé@t. ng or
measuring the presence, |evel, or percent of a neutralizing formof an

aut oant i bd¥A37t o [ hethi eéiﬁ@éiﬂtf@ﬁifsnﬂlaé@é?fﬂah@éﬂwﬁtﬁhﬂﬂ&é‘f@sﬁééiy? waeirioBed herein

at a Hb“rﬁl%t%&.ﬂ { adid rH‘?mB% Hlée{%d?}’sewm B8 & aP& ﬁf@i}m &%@ﬁ?{w £R). detecting a

change in the presence, r cent he neutrali1zing formof the
aut oant i b@@tybiob@%rfrfvm il pal %%hd,o@tmi fdet e&mnahiumgmav@ubséqm@m Hadowbodfcithe cour se

of ther apy; %c cQsEoé% ‘\fd?m, ﬂllipéfe %{x)cqul Vc\h‘%\}é@‘uc% gl El{lﬁﬁlgﬂtanggﬁ{ 0P & 2 X%fth}t t&gr g‘@%if‘s houl d

be adm ni s
| evel , or nperigenin offertthbe :nmﬂfait‘iaﬁ basing i%rﬁ@b minofach hﬂbcaiun@mtmb&dy eaver tine.

I[g;StG] 2' nﬁgwel%wa}lgp\ggb 1&11@%@%&%%0; f\%l K}égvémmiém s%&) ((}Hﬁé g,rcigl hix:}or ﬁi}él ;_Igsegoat
25, 3053 35he4ﬁ;ofﬂ‘&,1uc5ﬁ,rgfé):ﬁnﬂ%ﬁﬁ@aklstﬁ@ub@i findrs the healffOd &ob}rol NMnotker parti cul ar
aspect, the, present. invent.ion t hod for toring.and/ or

oot s 21 ng oPHERSRy™ SR Srialreitt AR S ot R U S g s

t her apy wghs tebeh30ht obiogiveine tnhn,,naa;nb@dmg@ﬁml;snng;m(taa BRARNLgIT el evel
or percent. of a neutra}|2|n form of an autoantlbod to t e bl§)| 0gi c |n a
first sanpPBUFGOATERECSUH]TERAUCA ST BESTIP FRECHEY B h o4t ? ot Fﬁ%“b‘&i% #o;

2013/ 0068 LORBET. 66320136@453@4 1(@)@/ rneaﬁwa@%,tzheu @wt& pr:oomer sents @bt he
neutral i zi ng form of the au second romthe subj ect as

descr i*fed ‘H)er/ferr?%t f’l’”ﬁ?ej%ﬂn’t Wt“ 3({"” T‘&ﬁf b el yi?‘é'pea‘% if ng’Etegb) with n

addi ti onal; spamlogs, i em .6 S:’&JQP@CGIGO@!; stdomE 7RAYNY Sod;] K@G%VWQF’@'%(M is an
integer fromlto about 25 (e g.., nis 1, 2, 3, 4, 5 8, 9, 10, 11,

12, 13, 14305, 1980%1%b, pganyreigedercip] In e ipgncggthe @vtoﬁa diue p%ﬁcraycnce
range is about 3.00% NAb or about 3.06% NAD or between about 3.00%-3.10% NAbD.

{8138} In some embodimenis, all the autoantibodies to the anti-TNFa drug are neutralizing

25  antibodies and the sample is defined as having 100% neutralizing anti-drug antibodies (NAb)
and/or (% non-neutralizing anti-drug antibodies (non-NAD). To these crubodiments, the level
of the free labeled TNFo measured in step (¢} is generally the same as the level of the free
iabeled TNFo in the control sample, and the autoantibodies are predicted to completely block
ot interfere with the binding between the anti-TNFqu drug and TNFa.

NTYY

30 {0139} In certain other embodiments, none of the autoantibodies to the anti-TNFa drug are
neutralizing antibodies and the sample is defined as having 100% non-NADb and/or 8% NAb.
In these embodiments, the level of the free labeled TNFa measared in step {¢) is gencrally

absent (e.g., undetectable) corapared to the level of the free labeled TNFo in the control

(43
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range therein.); (d) detecting a change in the |l evel or percent of the
neutralizing formof the autoantibody fromtine points to to tj or from
time poi rwe20B/06816_1; and (e) determ ning a subsequent PCOAS2@R/083784 cour se
of therapy for the subject or 10 whether a different course of therapy
shoul d be adm nistered to the subject based upon the change in the level or
Egifglnil SI %i% aﬁ%'ﬂ%ra% oarttttbog{e]; Qr%{%;"re%r‘}ﬁtéd'lo not con';é‘vpetteh ?ﬂ? ar 1nt[ﬁttrlen%i’h Ztlj-géGfS(])-r lmnof
t he aut oamtddbedyNA) tha,sx;mﬁae*mremgmdﬂi‘f\r@.the course of biologic drug therapy
at one or 15 nore (e.g., a plurality) of the follow ng weeks: 1, 2, 3, 4,
5 6, 7, 88148} 10furhdr enf@dink8is, diden HDBy nc@Bali 2R artﬁdﬂpn—ﬂ&;tmﬁﬂhg 80ms 32&31&3 34, 36,
38, 40, 42 0, 52 A )

C069] " 1 n LSS RE AP RST &1 « BEPAS HenRRy T Sirbsttrane Boee s tReFour se of
t her apy f ekvntihe., stthpeat orGoOMpIcnSesh el Nl 0 iaf gyual hepaasnmmmm@emr easing a
subsequent_dose of the course_ 700of . therapy for the S n o her

oo menCE BaeRrH AT St 71 GRI TUBGRRgrit ePERSeT B 1 HESlbs ect
gorrpri ses pLIVL@Iﬁta)HS?ED Btk dpepcedi Jtﬂt@?ﬁ\ﬂib ot ﬂLQ?irCa da;l H@er dt»;ha&thert @redi ment s,
etermning a different course of therapy for the subject conprises

treat ment SaFERCE Hféd}étﬁ“"réeth‘t ic&‘dlﬂf%‘fé&bd?r‘ t?‘h@?‘éb?“% %ME VIR VEHiBt her t her apeuti ¢
agent. In further rg determ ning .a ferenth course of therapy
for the sdbjidet! %tﬂﬁfrﬁf B tﬂeanﬁr Ay T dlHeriet cci5 g BECUAEIHY DS e.

swW t chipng ®ra i@ adbifl eh 8nimdd) ah@St e et R Rpd ittty (Latigehas Aot fer ent
mechanisn), [MN In particular embodi nents, an increase in the |evel or

per cent oficertabizumedtiezdil, FIMBONGr fRobfunpe RIFDAHD] g dymiaptions gyeaolt i me is an
i ndi cation that treatnent adjustnment should be reconmmended for the subject.
I n cert ai né@2heln ehbadiboentests. e eetmamfgis afwhom deodabsence ptﬁﬁmta kenmieuty.al i zi ng

formof the aut W resence.th 30t | is an
i ndi cati or?mtrh‘i t“%tf“f” é‘t‘“mxﬁ R\ ]t] ‘t%htﬁ ICgdrli?)ulndp rbié”r' Zb&rﬁ%m &"imnﬁe subj ect .
I n these ea’b@rdIiﬁﬁ'mtﬁgiaatghﬁe&ubhe@m Qﬁsﬁ’lebt&astatfé&tﬁdc&dttthdltdaa @uiseht siebur se of

t hera (e. t aki ng t he,.exi sting biol ogi th one or npre other
t her agsut £ g atiesto TR e Trrae e sar Rt RRe Siie Bt can be
swi t ched t@iaaghiidd beatdiRbRl0UY Gucl R GEEL Allicad 8Y) dhilceniad dovls (UC)).

enbodi ments, the subject can be switched to a drug (e.g., biologic and/or

non- bi ol 095}&&)& t Rl LA Q8L 3indndl &E €680 ndReRANLSPq 400 4L LR BMAdg) ict onal
aspect, the present i nvention grow es a nethod for optimzing therapy

and/ or r edrcitg Nioxdres t i otieT emsubett treeeeﬁ\hﬁvgireg soengeodyfinglgistdpiswi th a
first 5bi %bpigh?cd b %nﬁﬁ%@t@ghzﬁlgwﬁﬂt bcﬁﬁgx (}if /&fjﬁﬁiﬁ&mnnr' lﬁ%d‘ﬂﬁ% Qﬁi‘iﬁ‘ﬂ s
neutralizing formof an autoanti body t he first biologic is

cr oss-2feadtl Pvié hwint lrugas egomduse laatibodg ﬁﬁé?»@n’t ¥ oillob eginbinbyond dteessti ng or
measuring the presence, |evel, or percent of a neutralizing formof the
aut oant i bgghd4} n liays anphe phitiownt Bpgecs ulyj wedend invtmdcmpzdameex wethbd fAm assay
10descri b d her ei ermn eren rse.of therapy
shout d be sarArsrweda s SRt Il PR Rl IR STESPOIRER < ho

aut oant i beeys. r@tterteﬁﬁrgea@tdlrvte t%ﬁ"érbntb hei-sEE@ua: hholedbe co@k7rg] I n certain

enbodi nment s, detern% ng that a. ferent z:ruirseQOJc tagerag shoul d be
15adni ni st er ed'®@onpti$e E%W“taé‘ﬁ?%gj TR gt &I BiRgE %%“émé Ao

non- bizgl ogi c) that habgeisibandh hikeespin Aeehadtt s a3 Q%3 tedbib@0RR N to

enbodi ments, the nmethod further conprises determning that a subsequent
dose of the currentdcétéerieé‘«%thfuttlierem} b@orlﬁ'meae%ﬂ“egordiec%age&g Bt hat a
di fferent course of tdesanwishould be admnistered to the subject if the

neutralizing formof the autoantibody is
it the sample is positive for the neutralizing form of the autoantibody, then:

{b) contacting the sarople with 2 labeled sccond anti-TNFa drug to form a labeled

fad
<&

complex of the labeled second anti-TNFu drug and the neutralizing form of
the autoantibody (ie., wherein the components of the labeled complex are not

covalently attached to cach other);

f4d
N



20not cross-reactive with the second biologic. In certain instances, the
different course of therapy conprises treatnment with the second bi ol ogi c.
I n certaiwoabisawesinst ances, the different course of thePapuscaRoui7ses
treatment with the first or second biologic along with one or nore other
t her apeuti c agents. 101741 In one particul ar aspect, the present
invention provides a,meth [ nitoring 25and/or optim zing therapy to
an anti S Tea drtg i R REL e B0 SRR, °5 TP B By Wbt e
anti-TN Fa, drug, tthelsdebhodndonprg, Siongied(ia)ctietsecnilngi-ONFgasirandg t he
presence, level, or percent of a neutralizing formof an autoantibody to
the anti-TNEa Pug SR HRElr dRrsderpk ety ey als vl nerdire: A
plurality of tinme porfAbsaoaerantiheyconfiseaniTihetapys crdRihkdeietiing a
change _in the presence, |e _[F_Qpr_percent of the neutralizing formof the
aut oant’i body over tﬂeh‘éﬁdaﬁﬁ“\é&(‘é*) et erm ni ng a subsequent dose of the course
of therapy for the subject or whether a different course of therapy should
be admi ni $¥%6Pbd 't gremerduBiBet. hhasswcuponc teheietrapiges ik an tHEpedEnce,
llevel , or (RelGeNLRfanlBSNEULEAL! &b Bo hor Mol dhiies avtaanti, bady naver tine.
[0175] In certain enbodiments, the plurality of tine points conprises at
| east 2, 3ccondd aigi-THFa #rugge. ghe nayiralizing apprantiigidy p4ll inh#it thigactiyipy ofi@thige 20,
25, 30. 3%;40.: 42, 204 ®rML& tine points. 5[01761 In another particul ar
aspect, the present Invention provides a nethod for nonitoring and/ or
opt i mgi ”9@3‘4‘3? APYerba AR BRELT NG (g éﬁgméﬁé‘o@mé WRLEE Lo ACEk Vh D AnGPur se of
therapy with the anti-TNFa drug, the nethod conprising: (a) nmeasuring the
| evel or petdentutofizagnsutrtdbizigagsfibe msofntaNButoant id odys-teectivheitint | - TNFa
drug in afirst .sanple. from ! .SuMbhject as. descril , eLn at..ti 10poi nt
For (b mie g R e BBk, B0, RRBRE PAR P SH Bh bt e
aut oant i bodysecmmdansdddndinganpl e from the subj ect as described herein at
time point tt; (c) optionally repeating step (b) with n additional sanples
f2 r5 oEn the d@itd7ectn m“tictxiézneZape@Sint:gs,tthﬁii*svmmseimd nnti—fl\%im diugt @xéqe'mdegmbrlmiy t 26ab2$t
e. ,,"):‘I\§ A He o Jonardtine of RE TR athiviviall TRIEBRTET N (afankroant i '
15, ' 197 pofet fopsegdouryngipdse PLpcRne® abBeERL S 6 sttt ng a
change i nitihaid eveldaofhuRes cenlizof® charpauty @bzl nerbarim@finthesautegnt i body
fromtinme points to to ti or fromtine points to to ti; and (e) determ ning
a subsequéft) dks@rfnaipes tbdtnfse of therapy for the subject or whether a
different course of therapy should be adm nistered to the subject based
upon t he d#iihe i pthtthenbodyehisothe prerdent vdfold Heodneum altipkismg sfrarmeaf. t he

autoant| b?xq,qln £ élu%_{ecg zjegg%ving anti-TNFg drug therapy. In preferred embodiments, the sample is
20 serum. o particular embodiments, the subject has a TNFo-mediated disease or disorder such
as, e.g., an autoimmune disease {e.g., rheumatoid arthritis) or an inflaromatory disease {e.g.,

mflammatory bowel disease (IBD) such as Crohn’s disease (CD) or ulcerative colitis (UCH).

{8148} In certain embodiments, the sample has or is suspected of having an autoantibody to
the anti-TNFa drug. In other embodiments, the anti-TNFa drug autoantibody includes, but is
25 not Hmited to, human anti-chimeric antibodies (HACA), human anti-humanized antibodics

(HAHA), and human anti-mouse antibodies (HAMA), as well as combinations thereof.

{31587  In certain aspects, the assay methods of the present invention further comprise an
acid dissociation step coruprising contacting a sample with an acid prior to, during, and/or

atter contacting the sample with a labeled anti-TNFa drug and a labeled TNFa.

30 {8151} Methods for detecting anti-drug antibodies using acid dissociation are described
herein and in PCT Application No. PCT/UUS2012/025437, filed February 16, 2012, the

disclosure of which is herchy incorporated by reference in tts entivety for all purposes.

(43
o8



[017711 In certain other enbodi ments, the |evel or percent of the

neutralizing formof the autoantibody- (e.g., NA b) is neasured during the

cour se ofwearnis/obbHa drug therapy at one or nore (e.g,, &Cpluse@hiossry4 of t he

foll owing weeks: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,

18, 19, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52,

54, {8182} In certain other aspects, the assay methods of the present invention comprise

etecting the presence or level of one or more 1sotypes of a neuatralizing and/or non-
neutralizing form of an autoantibody to an anti-TNFo drug in a sample. As a non-limiting
example, the assays of the present invention can be used to determine different neutralizing
5 and/or non-newtralizing ADA isotypes in samples from ADA-positive patients receiving an

anti-TNFg drug such as REMICADE™ (inflicimab) or HUMIRA™ (adalimumab). In certan
embodiments, the one or more isotypes comprises a phurality of at feast two, three, four, five,
or more isotypes. In other ernbodirsents, the one or more sotypes is selected from the group
consisting of IgA, IgD, IgE, TG, and IgM isotypes, subclasses thereof, and cornbinations

16 thercof. In certain embodiments, cach autoantibody isotype is characterized, identified,
and/or detected by its retention time. In other embodiments, each autoantibody isotype is
characterized, identified, and/or detected upon a signal that is generated by the proximity
binding of detector moictics such as labeled anti-TNFg drug and labeled labeled anti-lg
antibodies specific for different antibody isotypes. In certain instances, the signal comprises

15 afluorescent signal that can be detected by fluorescence resonance energy transfer (FRET).

{31831 Methods for detecting anti-drug antibody {ADA) isotypes are further described in
PCT Publication No. WO 2012/054532, the disclosure of which is hereby incorporated by

reference in its entirety for alf purposes.

{8154} A biologic (e.g., anti-TNFa drug) or bislogic binding moiety {e.g., TNFa) can be
20 labeled with any of a variety of detectable group{s). In preforred embodiments, the biologic
{e.g., anti-TNFg dmg) and the biologic binding moicty {e.g., TNFu) comprise different
labels. In certain embodiments, a biologic {e.g.. anti-TNFa drug) or biologic binding moiety
{e.g., TNFa) is labeled with a tlaorophore or a fluorescent dye. Non-limiting examples of

fluorophores or fluorescent dyes include those listed in the Molecular Probes Catalogue,

N2
(9]

which is herein incorporated by reference (see, R. Haugland, The Handbook-4 Guide to
Fluorescent Probes and Labeling Technologies, 10" Edition, Molecular probes, Inc. (2005)).
Such exemplary fluorophores or fluorescent dyes include, but are not limited to, Alexa Fluor®
dyes such as Alexa Fluor™ 350, Alexa Fluor™ 405, Alexa Fluor™ 430, Alexa Fluor™ 488, Alexa
Fluor” 514, Alexa Fluor™ 532, Alexa Fluor® 546, Alexa Fluor® 555, Alexa Fluor”® 568, Alexa
30 Fluor® 594, Alexa Fluor® 610, Alexa Fluor® 633, Alexa Fluor® 635, Alexa Fluor® 647, Alexa
Fluor™ 660, Alexa Fluor™ 680, Alexa Fluor® 700, Alexa Fluor® 750, and/or Alexa Fluor™ 790,
as well as other fluorophores inchuding, but not imited to, Dansyl Chloride (DNS-CH, 5-
{iodoacetamida)fluoroscein (5-1AF), fluoroscein S-isothiocyanate (FITC),

tetramethylrhodamine §- (and 6-nsothiocyanate {TRITC), 6-acryioyi-2-

4
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56, 58, 60, 62, 64, 66, 68, 70 80, 90, 100, etc. [0178] In
sone enbodi nents, determ ning a subsequent dose of the course of therapy
for the swbj2ettoo6g1apri ses mai ntai ni ng, increasing, or d@CTARIIINY4FT94
subsequent dose of the course 30 of therapy for the subject. In other
enbodi rrents determining a different course of therapy for the subj ect

conmpri ses dim g\&at:igsfnon%\w’h{halme @c L%?r% nﬁro%en TN_QEgt% (ej{ ;ég% 011 Bdl ments,

determ ning a cou I'ses
t r eat ment (W, thidithebouwridehtcitoeBey dfuﬂt{hﬁnﬁ)pya;ﬁzh@ﬁ@ hy\mt;tfittmnm hxs«rantisher apeutic

munosupghEeBire HyBRY rbr ErisdBaRala &erdy PORALY {5 £ £ or en

mechani s mgyi@oddiididstih.@n1 Iah;eﬁ@geymheect @Etﬁﬁ)&tc(é@mhmt) 500t ﬁt@i@i{wmﬁmﬁha dn
further enbodi ments, determnin erent course of t hera for the

subj ect cSroTiis®E EHARGR hat Hel gﬁrt@htwtfdﬁr s faragy apd, §MA-BHI chi ng

to a diffefeRtyyantd adNrdrl&H05hdRdArth diiahke iRk gelg. a 5di fferent
mechani sm such”as an 1L-6 receptor-inhibiting nmonocl onal anti body,

anti - i nt eghpsphaply t@é@h@a@evg?yreﬁryﬁiawhrﬂd‘v%d@tw%rﬁ%‘) -PhykopdsiiiRiin. t or, and
tyrosine kynas emtht, ?463! F%O{wtfo??{mﬁ; Qov- 5‘% &l‘i—h—'b‘ﬂ@ &rﬂﬁé}?@y (e.g., speci al

car bohydrate di et
naphthyljvinylpyridinturn betaine (Naphtyl Styryl), 3,3 dipropylthiadicarbocyanine (diS-Cs-

16 (5)), 4-(p-dipentyl aminostyryl)-I-methylpyridinium (di-5-A8P), Cy-3 {odo Acctamide, Cy-5-
N-Hydroxysuccinimide, Cy-7-Isothiocyanate, rhodamine 800, IR-125, Thiazole Orange,
Azare B, Nile Blue, Al Phthalocyanine, Oxaxine 1, 47, 6~-diamidino-2-phenylindole {DAPT),
Hoechst 33342, TOTO, Acridine Orange, Ethidiurn Homodimer, N{cthoxycarbonylmethyl}-
6t-methoxyquinolinium (MQAE), Fura-2, Calcium Green, Carboxy SNARF-6, BAPTA,

15 coumarin, phytofluors, Coronene, metal-ligand complexes, IRDye” 700DX, IRDye" 700,
RDye® S00RS, IRDye™ 800CW, IRDye™ 800, Cy3, Cv5.5, Cy7, DY 676, DY680, DY682,
DY780, and mixtures thereof, Additional suitable fluorophores include enzyme-cofactors;
ianthanide, green fluorescent protein, yellow fluorescent protein, red fluorescent protein, or
mgtants and derivates thereof. In one embodiment of the invention, the second member of

20 the specific binding pair has a detectable group attached thercto.

18155]  Typically, the fluorescent group is a finorophore selected from the category of dyes
comprising polymethines, pthalocyanines, cyanines, xanthengs, fluorenes, rhodamines,

coumaring, fluoresceins and BODIPY™,

{6156} In one cmbodiment, the fluorescent group s a near-infrared (INIR)} fluorophore that

25  emits in the range of between about 630 to about 900 nm. Use of near infrared fluorescence
technology s advantageous in biological assays as it substantially eliminates or reduces
background from auto fluorescence of hiosubstrates, Another benefit to the near-IR
fluorescent technology is that the scattered light from the excitation source is greatly reduced
since the scattering intensity is proportional to the inverse fourth power of the wavelength.

30 Low background fluorescence and low scatiering result in a high signal to votse ratio, which
is cssential for highly sensitive detection. Furthermore, the optically transparent window in
the near-IR region (630 nm to 900 nm) in biological tissue makes NIR fluorescence a
valuable technology for in vivo tmaging and subcellular detection applications that require the

transmission of light through biclogical cormponents. Within aspects of this embodiment, the

35
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[01791 In particul ar enbodi nents, an increase in the |evel or percent of
the neutralizing formof the autoantibody (e.g., NAb) over tinme is an

i ndi cat i onotzhetooss1eat ment adj ust ment 10shoul d be reconmeadias2610/0437be
subject. In certain other enbodi nents, a change from an absence of the
neutralizing formof the autoantibody (e.g., NAb) to the presence thereof
over ti maiuoreq ne rgxlacatwile eiak;[ hagacged imn%ntoro%djcun%@%%] wa I%rﬂﬁ% reconmended
for the subjec R hESe T Enbot t's, % ct®dan Be freated with the
current CcoORDge€’ 7@& mméﬁiy)}é(ﬁeﬁmm t%aﬂ;mﬁrgmm@ em sstemgham“rt $60TNicER Filodg)  al ong

(M0 or SSBTRF G e CAPKLe T 0P LR B Tbr NarT Ve CEIBUA BN ED. the -

subj ect cary dze BYHE G bedDYos®@ Mictker anbodantits, TNRREr idfrargd giotp BERDath ot her

alternativ men h@ an Wi tch to a drug that targets
a diff ﬁ&}‘ngpﬁ%#‘h ré?w&Ré @H%nfpa{?}‘f ‘I“ﬁll“’l’ 5’8?‘13‘6?9\[{8180] in yet another
parti cuI ar aspect, the Present i nvention provides a nmethod for 70optim zing
therapy ad®#dr F BEeTg b YRiEdT yomplishe bl et nEely VRHCAcEEEree of t her apy
with a firgh, o%‘;ﬁab ENERoH F iyl g pialned aﬁméfiﬁigﬂxgoﬂmG?«)fm&%@E@rNgEhOésng whet her
a neutralizing formof an autoantibody to the first anti TNFct drug is
cross-r ea¢tihvee K¢ Wbl Bidégrernerives. of fldpirfoement yhodhmine TNRaIcdrasgvby det ecti ng
or neasu“s{‘&uﬁ)g% Pés‘?e?e%ﬁaqtkf{‘éﬂume?wu G L& 1y<9r§1r@aéﬁ@yﬁ{a% high RG:yhQy m of

25t he aut oant éy in a sa romt e su i'n accordance With an assay
descr iibed ey asdhdrefds)n- ﬁetaé‘mmdni magytol a)fmch aghi duirercenitlyooaiiaé. gieatther apy
shoul d be e t el ¢ £ f the

aut oant i bégg{q L{s}lﬂ?zﬁsok%jm %‘Vft’h’%@ jf)ﬁ { MS;érglo}lg? {ug i ihgga’“ BmH?n 30[01811 In
certain emﬁmdy reent BiyF ajeﬂahmmm@letd@a& erd bdad foenﬂfﬁemmrashaomphdniaema@y shoul d

be adm ni stered co t hat rgets a different
nechani sm% (goéd“e ":alrrﬁ%nE ﬁt |(§"1&P{I|9{:Fmg) ﬁé’)mda%iﬁmr WEi #\ﬁ &%anpl es of such drugs
include an_ll-6_recep tor-|nh| ting nocl o antlbod _apti-integrin
nol ecul e glgb I “{i?}“/‘%‘éﬁ%‘-r“» b’tél Qu‘z{g’r?rﬁ%)‘"m p%g{ﬁ G TS tﬁd? CHHRFEEET Re ki nase

i nhi biysor ,m Al Byl dntc@Bed NESaMOrd Bor the 18RAGI@ALIGANRAMY dhatieoglivet ), and
m xtures thereof. [0182] In_ sone enbodi nents, the nmethod further conprises

det er mi ni RECONIAEENS bE 158 B¥lHIN BRI GFNhHeaE g PR R isrifHerapy be

i ncr eased Oy 0L ALGERRH arlNatdRat @il fferent course of 5 therapy should be
adm nistered to the subject if the neutralizing formof the autoantibody is

not Cross ;[éﬁ?f't 'R‘é&n‘% %1?01%{}%1&%38@{9 awaaﬁ% I’Sﬁq’nc‘g}[v qgumésnT&h c%ﬁe ogtrkﬁ t{?n ces,

the different course o rlses treat men second
anti-TN- Fa*viﬁlardj.@mdt meagevet ﬁﬁltp»@@ﬂwachﬁmt @nees;s ftzmonh Efeapentthio durtsgetof

ther apy oI el "’e%hg‘«r éarg‘t Hg aﬁ%i& in Etagﬁmé Ik{tb bra coﬁ At d?]]\ﬁ;%mﬁpogé}&lzf%ivg al ong

W th one or press

Met hods f ari ah@tén;gxeammg amtle-pﬁ‘ﬁﬁmdchsws Adexd Famir“‘r eatl’rmgma]&tmb@dlueai farme furt her
described, in PCTg bBI cag? £, No. WO 2011/ 056590, the disclosure of which is
hereby i nd&fBeFal el Yénce in its entirety for all pur poses. [0184]

I n certain_ jnstances, the resent .invention may further conprise

admi ni st ed9Mgl t Srertidigjrateiogicp HaRdipetfty WHIH P IerRPEET PR AfBiRE BBk our se

of therapu.ssieh (@s, BRbaAYLr cbhEa iRy g bRk @ gdgysggm@atdlﬁo@a&ﬁéxso@o&itffer ent
mechani sm (e, g., a non-_anti-TNFa drucz3 useful for treatlng one or nore
g f

synpt Gis  &esliEiatiey (-t ANBOTRICES Adefiiut g geudecdy dresleaer ncladg. | | BD

such as Cfaugtr\“M&)iummrm;mg;rc.aa&muf; @ PRhdneatdeONSd lh&e. &%h%@u%therapy
can be adm nistered al one or co-adm'nistered i n conbination wth one or

nor e addi Bhigndy. gty ingngessebiclyat (her eithTNFo drug) or biclogic binding moiet
(e.g., TWFq) labeled with different radionuctides can be used for determining the presence or
fevel of NAb and/or non-NAb in a sample. In other instances, a chemhiminescence assay
30 using chemilurninescent biologic (e.g., anti-TNFu drug) and biologic binding motety (e.g.,
TNFo) is suitable for sensitive, non-radicactive detection of the presence or fevel of NAb
and/or non-NAD in a sarnple. In particular instances, a biologic {e.g., anti-TNFa drug) and

biclogic binding moiety {e.z., TNFa) labeled with different fluorochromes is sutable for
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As such, the present invention advantageously enables a clinician to
practice "personalized 70nedi ci ne" by guiding treatnent decisions and

i nf or m ngwotersapysigel ecti on and optim zation for anti- TREQ/Weugs4och t hat
the right drug is given to the right patient at the right time. 1V.Acid

Di ssoci ation [01851 in certain aspects, the assay nethods of the present

| nventi on dfyturtg heolz{ thﬂ nggrlnse%i Alled u%lNd}E anﬁ%?galma‘&l\\@n Sxat s'é s etsoi enabl e
eqU|I|brat|on of ﬁ f e 5pres nce or |evel of
neutral|zﬁmgnQMbﬁammUb&dmegumﬂwmmpmndﬂeﬂﬂﬂmnaﬁyzjmgphﬂn@amtmbﬁ&més (non-

and/, otypes t.hereof that. ener at e aln st bi o] ogj cs such as
hnt) - Tara g AR SR otk Bl A R R RSB BB Th "Shabr non Nab
to a bIO|Q@%ﬁnﬁﬁEEOKM&@hhﬁﬁﬁﬁﬁiﬁxﬁﬁbf@dm&Mbﬁ&ﬁ&ﬁ@Lb&ﬁ@x@ﬂhﬁﬁ&ﬁmﬂﬁe@ﬁed
t hereof can he neasured »th subst ial_interference fragmthe
i i St ot DR 65t Lotk g 1L S8 e e takd PRevSny e et e. 1 n
particul aigaya 30 subject's sanple can be incubated with an amount of acid
that is sufficient to provide for the nmeasurenent of the presence or |evel

of NAb a”% Qﬁ{ NG NAR, 0, 1£Lh§dc.pvr&ﬁ §1§rl%ey R ddneRie |nQQ;L Grt(@cPas ho@sn;d!dtsINFa
drug) but hout substantial interference from high biol | ogi ¢ drug | evels.

101861 | n peoreawbBd). mintine greapa@a) (Adh, i-hdacesgige, ﬁ@ﬁﬂ@omﬁ tof liteheh present
| nvent i on ,pRY;. G Uﬁeuiaﬁﬁa\e(j?teét&%%%&ﬁ hﬂﬂxe t.Pgs %@&rﬁp%“\mx @Qc Ghflo ing
y (e.g.,

di ssociate prefo exes ant | bo
|ncIudﬁngSﬁeUWK&ﬁwzhﬁgEamd¢m¢(ﬂ@&lMéuﬁwameVﬁg%horwkmﬁnW@ﬂﬁ@ﬁ%ﬁ&ﬁd t he
bi ol ogi c ( ar ADLE 1 ] X a d bel ed
0 o0 < §8ofen AOLINES k. YASEON 2B NG SRS UKD, S Lae)
(e.g., TNEw)mimk&@Mhﬁ@cﬁhﬁmmsmamﬁmmmaﬁnmh@h@méﬁﬂnwﬁma@ﬁmphmxesﬂnand

Compl ex o SharhBGirEa 5 st e aE vt SiRbaar g i T B

aut oa. nt|b@ﬂyngamdhﬁfdﬁhmﬁagﬁﬂemgandahahedoa@mmhﬁw«@i}@h&u@aﬁabﬁ@:b|ologic
(e.qg., .ant a .dru | abel, ed . bi ol |nd|n e. TNFa) ,

and t Hé aubggﬁg‘ﬁﬁﬁ Q&i @%@%ﬂXPﬁK§8ﬁ§j %ngﬁ 8d1 ﬂ% ““?Féps (a')
and (b') akebpeed aﬁtﬁaduts;uawIq&@ra@@tkalby@m&;@o;p@rghe "ﬁ&ﬂ@hﬁmh@ocﬁ@ﬂhﬂct%d W t h

an acid, a | abel ed bIO|OgIC e.g.., TN- Fa drug) | abel ed
bi ol ogi ¢ Bi°Hdi HE noOitet’y Cerrgay =iy ‘éJE oGiRan sfaﬁrs%ttﬁw&?ﬁ%*ﬁwm ternative

enbodi mentgmbSt@RokiRiekial SouRet far, nﬁ@t LAY W’mﬁ@mﬁi&@@d Adline®hGphathRasanpl e is
first contacted with a | abel ed blologlc (e.g., anti-TNFa drug) and a

| abel ed bibePyEgheschiAdi rd droloapypoRescgrch (WRMF&}‘W P40 and then contacted with
an acid. in further enbodinents, steps (b') and (c') are performed
si mul t28ned¥igly, Aesigpal frohéhoshivpl @ tidireeidnitchetndd anilydvdalol ebeipéd uiiot ogi ¢

( €. g. ant\ wu-tl;l\%}!:?mg&&qg %&&c{ia& nl ﬁ g a%gruﬁ ogln(?%ul%%pi‘i‘ qlr&ﬁﬁm ILQ&IX@(E@ dsg& ™ Fa)

and neutralize cont I'ng t w’th one or
neut r al i zirngptagenthsy agamtda@o&an‘e“om demetion of 51 or a fluorometer o dete ct

fluorescence in the presence of light of a certain wavelength, For detection of enzyme-linked
antibodies, a quantitative analysis of NAb and/or non-NAD levels can be made using a

25  spectrophotometer such as an EMAX Microplate Reader (Molecular Devices; Menlo Park,
CA) in accordance with the manufacturer’s instructions. If desired, the assays of the present
invention can be automated or performed robotically, and the signal from multiple samples

can be detected simmltancously.

{0163}  In cortain embodiments, size exclusion chromatography is used. The underlying
30 principle of SEC is that particles of different sizes will elute (filter) through a stationary
phase at different rates. This results in the separation of a solution of particles based on size.
Provided that all the particles are loaded sinniltaneously or near simuitaneously, particles of
the same size elute together. Each size exclusion column has a range of molecular weights
that can be separated. The exclusion lirit defines the molecular weight at the upper end of

7
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101881 In particul ar enbodi nents, the sanple is contacted with an anmount of
an acid that is 25sufficient to dissociate preforned conpl exes of the

aut oant i byOyeosdesihe bi ol ogic (e.g., anti- TNFa. drug), PSudls2athassvhe

| abel ed biologic binding noiety (e.g., TNFa), the | abeled biologic (e.g
anti-TN Fa drug), the unIabeIed biologic (e.g., anti-TNFa drug) and the
?gﬁ %agghg?}%%amﬁ %ﬂ% is B 1ere n% er ui(ei% %@édeo i we to b#{)&gaed igtrﬁi?%?iatt?aﬁ‘eﬂ ‘s’g‘gé{ 1 gpgghebgnd
contacted;mmmﬂuaﬂmamﬁumkséirmﬂmﬁbmdmghaﬁﬂkgoemt%ﬁetemtaﬁﬂbbwpmhmmumdr t he
detection. anp/or ge asur nenh of the autoaqtkbo%é: re%ence gf a high
level of th&'BfBPEEFE (6.4 Bt SFREX JFeigye ™ ?8@‘1‘“‘1 ?f ot e dditrent s,

t he phrasecibicghy dnﬁ\émmdﬁt:u&s btiod aigi aibicSHemas ad shisghil thavaty aftcana

anti-T Fa rug.includes drug | evels of fromabout 10 to about 100

| ag/ nt : B8t to  about 80 lig/m_,, about 30 to about 70 p. g/nml_,, or
about 40 to about 801.tg/ i, In ot her enbodi nents, the phrase "high | evel

of a biol d8i6dt SuedtmesEechi R cluevial clpcighinghpitet NERMEY Gy iirverudds dr ug

level s gr %Il’t.e(tnlm@tafﬂ f)c[mﬁ&uﬁl‘ il QAR Word Beel ZtQm 3 bAR he2me 8% tiof QnBRor 90, Or
100 1.tg/ mL. I'n sone enbodi ments, the acid conprises an organic
acid. In @@tqetpd W@bné’ﬁtfsmbbfhtéc a<di C@Cééﬁ@me &' carminpoPgERfttseeid, in
further enqbadinent aetaaﬁeagt&mempt 368c PurllLX 4y OF ANIOTORRLGrREY and an
i norgani c aci d. Iimting exanpl es of organi c acids 1 & clirfc aci d,
|500|ﬂﬁ|cda@udm&gmumawnedabmdmtaeenMGw@@ﬁmnmméebnbnacmdmuﬁémntc aci d,

oxal i ¢ aci 401 B ony-Tolt i id
antnonethé%ggﬁ{*oﬁ?%&gé? }ﬁgﬁggﬁﬁ%¥8%§ﬁ§§ g%ﬁ?ﬁ?ﬂﬁggﬁ C%Pcﬁgﬁgetlc aci d,
br onoacet ivo uaxeldfk;reaxteoﬁbﬂ@deim@rla&iiﬁi,thqaibgmam{)ioéthacritﬁht,uiauhym(ml‘maiamlWii,ungl yceric
aci d, SUC%IH%C acid, .mal gf aspartic acid, and conbi nations thereof.
Non- Ilnttlng %d“ﬁﬁféém ?m?‘ 5 Hic acids i ncl ude hydrochloric acid nitric
aci d, phosg orlc agﬁ%t sulfurlc acid, horic Cld p ﬁ of luoric a

hydr obr omil®163E | & @ BRESCERSE At TTB 1t‘“ﬁ‘€t‘%fb1?‘0“ BLOTL P hICE BPRATHIEE 8b|| ment s,
the anBunisp@hizan tﬁ&m 6 QLIRSRONAS ubiGc 3o ANGANHAL bPMc@hy Min fiomiabout 0. 01M
to about 18M about 1Mt o about S!M about” 0.1Mto about 2M about 0.2Mto
about 1Nlt'”ﬂ§BéUFm@“§9NIto about 0.75M of an acid or a mixture of acids.

I'n other e”bOdbﬁE”t&xuhh@m%HDHﬁkgﬁﬁt%@mﬁ&iQw@o&ﬁ%ﬁﬁQﬂﬂ%tk&ﬂ%é&Q@%%ﬂhfat'0”
of greater than or equal to about | M M 3M 4aM
0.5M 0.6M 0.7M O¥8MforpUBNY o bwmgmgmawmanwiﬂem AN dcamlbeéﬁnmm 10M of
an acid or a m xtur . Qf 1 a -29¢an be, for exanple,
about 0.1, 0.5 1.0 d%?“é%ﬁ%g%?ngg?@gf‘%th iy guﬂ 5 "'5.0, 5.5 6.0, or

6.5. 201921 | nitsonmedetavbiogli pengsin ﬂtétfee@eacmpl»eeh & (eontiadtiadewit ingriowcid an
anount of tine that jen ssoci ate prefornmed conpl exes of the
aut oant i body and tﬁg mé#ﬁ&&ﬁgﬁ hllB,dgzrittl-TNFct drug). In certain

i nstances, theﬁSanpkﬁfmsumpmmﬁsmedn@ew@fﬁmwnmﬂbwhed%nwwtﬁmaMnampd for a
period of tine rangi hour s u ut 0.2
hours to about 25 1(%&9%% 'asg?fcr n? urﬁ éf tlﬁzra 3y \h?ﬁ?ﬂg d&y %mlitﬁrqutu{hé ’wbé%gu t 0.5
hours to about 5 hdeaimonﬁahﬁmﬁ;&a&e@ﬁum&e euﬁbmphganbbmtsunhhﬂeiher

i nstanges, the sanpge [ ggntac@ g é g. |ncubated) with an acid for a
peri od~of tlne thatopgog@eéPQP“ Ha ‘6? @ﬁu to about 0 1 0 2, 0 3, 0.4,
0.5, 0.6, 0. 8, 9, or
10 hours. tﬁté sMr‘fém@aﬂ*@@eﬁetan%etuea’twfttﬁmaﬁmawaﬂiatw@ wiﬁc?e?n‘t énfper at ur e

(RT), or 37€¢ 30101031z I, eentabnenbodi ﬁfmt)%s tdﬂaxsﬁ,{ﬁa QbreR@Ktdodhd Zi ng the
acid conprises raising the pH of the sanpl'e to allow the fornmation of first

and/ or segpnd; | ® nts, the
acid is ngutr I%ggéﬁgn&gﬁpkgégﬁhggéf%%ggﬁgggﬁﬁhgyegﬁgggg?1?%?%ghggents such
as, for ema@pteﬁmsbn@ﬁ@mb33e§ﬁOMe@m1ba@estmbuﬁﬁeﬁuemkuﬁﬁmmaw\aﬁnbu
conblgatl%(}0m£ r$9£oé]§%,%nn led in the art will appreciate that
neutrallzatldﬁ re Ions do not necessarily inply a resultant pH of 7. In
sone |nstances@)acndwmmmnﬁbtkxdkwpmxaﬁsﬂdﬁ@muhma,®anpteamh@mnM3bb@3mc In
ot her instances, i. ’eutrf ization r (o sa Z X ag

(but hi gher than th*e‘obﬁcé‘ta ﬁésaé“f%t‘°1“§ ‘8‘?}6%8 Sdaf fii 1???5‘ b ‘Etertﬁn 21 ng
agent). In particular enbodi nents, the 5neutralizing agent conprises a

buf fer such as phosphate buffered saline (e.g., 10x PBS) at a pH of about
7.3. [01941 In sone enbodi nents, step (V) further conprises contacting an
internal control with the sanple toget Aer with a | abel ed bIO|OgIC (e.q.
anti-TNFa, drug) and a | abel ed biologic binding noiety (e.g., TN-Fa) (e g ,
before, during, or after dissociation of the preforned



10conpl exes). In certain instances, the internal control conprises a

| abel ed internal control such as, e.g., Biocytin-Alexa 488. In certain

ot her i nsweanosgoegihe anmount of the |abeled internal conPcolUSE@RYEF94rom
about | 11.-.)", to about 25 ng, about 5 ng to about 25 ng, about 5 ng to
about 20 ng, about | ng to about 20 rig, about | ng to about 10 rig, or
?ﬁg;'ltani'eg?’ Eﬁe@)gﬁgbrﬁ aqm nop iﬁle }el‘vgﬁé weraerrt-b fgl? ﬁ\é}i inggiégo qtrm u¥ %he automﬂﬂ’mg}r 'gr{] ﬁ;n or
equal to about 1 ng.i,*»ﬁsﬂlﬂlg,ﬁinﬂim fng; thd Selhgt a@&ma;;,dbasrsﬂaa !’mgﬁ, parmj.OOlAL of

sanpl e anal yzed. [01 ﬁ%‘, i e>‘<a e of the meth of the
present inventidn, 2 ‘F@%&%‘# g‘? @e‘f“ﬁﬁd %(I"él QFA%EC* frof ‘Er gﬁ%"f“?%ﬁﬁ“%‘ubj ects
receiving therapy wdiksan, aﬁﬁwmﬂﬁ\hlﬁamﬁmgmu&mbast Befmgcad@ Cl£X) ¥, can be

i ncubated with 0.5 ric a or.,on om_70t enper at ure.
Fol | ow’ng the di ssoci® a% i'n “o F‘Er‘ﬁe}d’ I:orjrﬁ’IEe q(ggg %rrg(‘?frﬂja‘l‘f 'ed) anti -
TNFa drug and aut oantidngies to the anti-TNFa drug (e.g., anti-drug

anti bodi es such _as antilFX antipbodies (ATT)), |abeled anti - TN- Fa drug
(e.g., |FX-Al e¥d as8fcctipgypaieags TNEow! gt peroinral thy ssugaams formaafiept i onal | y
an internal control,ganuReyaddednapdat D8 LERGLOMAPNAME S0 (.‘?; £hd

i nredi ately) neutralized with a neutralizing agent such as 10x PBS, pH 7.3.
Aft er 25neut r al) zat $emiiHe: FEgEETE ARk gceean heanneubasddedt 6f anot her
hour 3 T 00m t EMPEr Ghf& o (Bxfhnt oAb Bl ARAKES )drﬁls%\@ichoﬁwhegw Ld brati on
and to conplete the reformation of inmune” conpl exes between the I"abel ed
TNFa, the | abel ed ars¢d PNFaeohepe it e loml alvefced cAftincTNfaing dem ofabdd/ or t he
aut oanti body to the, "?(m;hb '[EIOIQH rug. The sanples can then be filtered and
anal yzed by SEC HPLC as cribed herel n. 30[01961 In partl cul ar

enbodi ment he met hods , nt. |\nvent| o co ng acid
G 290t at 1019 oft TR RoheD8rBL Rk b VER bRt Fat ROTRE KEVE LS
signifi cara,tﬁloymibndy easesathhembdXred rdugmf,ﬂhb esanc s ﬁﬂtfglft mh@thcfaléta a@an@loor non- NAb

ATl c n be e sure nth sence of to ab ut 0 / I n ot her
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| evel of NAbi7angl/iorzmon-NAl, ve sntd, 3dINBazsluugs, saiah, /s sHEL, 85 56,88 60,

2013/ 006810PCT/ US2012/ 045794 wel | as aut oanti bodies to other anti--TNFa
drugs in e pPedEnded0ni%heFevel s7anti- TNFa drugs (e.g,, 1FX), but

w t hout substantial interference therefrom [01971 Methods for detecting
ant i - dr ug 8M€ b apiocdigpeati dtameders abiurerdescfal fhotfeprsdesEepped i n PCT
ADP1 | 0L T 90 M BT HS20R 0350 ol et) FERLHATYH00uB00%: of B o sl osure
of which is hereb ncor por at e y reference 1M its n irety for a

put posés. oViBiagy éﬂglﬁ@% SFhiertapy oo 1e8bdMvetsadsapsiof 2 difercpresear! favent i on are
sui tabl e for, de ] n ahsangs. (e 9.,

whet her pogrlrt i| 3%?) g{d)ggrlg({lﬂ{}‘g?lﬁqfeve hi’?&%md @g%}gﬁ?i E%T %ﬁgﬁtg T ??ﬁgﬂl’and/ or

non- - neut rdaﬂcrrmmmg daim&mamt 1>1b9.mfeigrapy faﬁiu blbgrlmgmwa Se¥ tEagampiv eh fhreemrentsubj ect
(e.g.., a_10 cei ving ic.ther ) ting exanpl es of
bi o ogt oo TS CUBTHRL T Gay 0RO o PG Pgb et R G,
pepti des, afdifsiran c,@rraiaﬁml&&q@eoghg subgd uﬁm;@ﬂe,spm@:ﬁéemmg OaideECufuuSIo@ﬂaempgt ei ns),

mul tiv, Ient bi n drug, conjugat s
Vacci rds. hacrgiengar her ez Eets sonmrh i «RBbn e et SRR heer od
forns ther eof . and conbi nati ons ther eof 101991 Exanpl es_of anti hody-based

bi ol ogi cs W8I udeparbinar sPEOHBE D, BRS¢ B, g %é‘%‘é?bé‘ﬂt ot OB BRIbsiEns

ant i bodi eg,anet @t ganindiy NEENE AL SQMBRLS: &hBEieRkn kit Qéﬁﬁlbiﬁ Whtiepbodi ment s,
the antibody conprises an anti --TNFa dr ug such as CADEr m (i nfliximab),
HUM RATm Ceeidd pigpripnendel e tha(sehicgtc &t %ﬁldlﬂz&leﬁéﬁmb%@mw aShveEORe 4ol | nunab;
CNTO 148) ’abQﬁT&W NALLIOAS: fm@(@tﬂ &ut@Qﬂb&M@@' NP 5o @MkicROg: based
bi ol ogi cs I nclude anti body- drug conjugates such as AdcetrisTM
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75whi ch is hereby incorporated by reference inits entirety for all
purposes. TABLE 1 | hera senil e anonocl onal antibodies 47 WO

2013/ 00683Y0ORCI/M08A012/ 045794 1iim raTM (adati mumab) AbbeCT/uSaie0d3704 i es
rheumatoid arthritis, ankylosing spondylitis, juvenile rheumatoid
arthritis, psoriasis Rem' eadeTM (i nfliximal) Janssen Biotech, Inc.

rheurmat of em%o&%émt@ tfe wh neEP antb\, ?ched @i%? g 3101\; agd ((E nug"fn%l %%)—ﬂ)xeri‘] anssen

Bi ot ech, I'nc ogen anssen
Abbott i otidrgets adiffcanancriba@snRoc he Appl | ed Mol ecul ar Angen Angen
{8171} In an additonal aspect, the present invention provides a method for optimizing
therapy and/or reducing toxicity in a subject receiving a course of therapy with a first
5 biologic, the method comprising:

{a) determining whether a neutralizing form of an autoantibody to the first
biologic is cross-reactive with a second (7., different) biologic by detecting or
measuring the presence, level, or percent of a neutralizing form of the
autoantibody in a sample from the subiect in accordance with an assay

10 described heremn; and

{b) determining that a different course of therapy should be admimstered to the

subject if the neutralizing form of the autoantibody is cross-reactive with the

second biologic.

{81721 Tn cortain embodiments, determining that a different course of therapy should be
15 administered comprises switching to a drug (e.g., biologic and/or non-biologic) that targets a

different mechanism.

{8173} In some embodiments, the method further comprises determining that a subsequent
dose of the carrent course of therapy be increased or decreased, or that a different course of
therapy should be administered to the subject if the neutralizing form of the autoantibody 15
20 not cross-reactive with the second biologic. In certain instances, the different course of
therapy comprises treatment with the second biologic. In certain other instances, the different
course of therapy comprises treatrnent with the first or second biologic along with one or

more other therapeutic agents.

{6174} In one particular aspect, the present invention provides a method for monitoring

25 and/or optiroizing therapy to an anti-TNFo drug in a subject receiving a course of therapy

with the anti-TNFo drug, the method comprising:

{a} detecting or measuring the presence, level, or percent of a neutralizing form of
an autoantibody to the anti-TNFu drug in accordance with the assay described
herein at a plurality of time points over the course of therapy;

36 (hy detecting a change in the presence, level, or percent of the neutralizing form of

the autoantibody over time; and
() determining a subsequent dose of the course of therapy for the subiect or

whether a difterent course of therapy should be administered to the subject

40



cacro Jertics YDL B ioPhairtia Biogen !dee rheumatoid arthritis,

ankyl osi ng sPondylitis,soriatic arthritis rheumatoid arthritis, |upus,
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sclerosis nuitiple scleorisis plague psoriasis, nmultiple sclerosisi
nuitiple sclerosis rheumatoid arthritis heumatoid arthritis rheumatoid
arthritis rheumat0| o] n. - scl erosis
‘ysar rig (natali 7UTaS Q{)ljpogth” C%an‘{en)l Ele%’feq%cgﬁ?‘“n%bo)r P%ﬁlm %” H“Rm?ﬁlrn% AVEi 527
i1 1 08 ii 714 an iformof tht GutMiiibody dactimzumab (anti - CD25 MAI) :
detiosurnab ( AMG 162) E Angen

[8175] In certain embodiments, the plurality of time points comprises at least 2, 3, 4, §, 6,

7,8,9, 10, 11, 12, 13,14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, or more time points,

5 {8176] In another particular aspect, the present invention provides a method for monitoring
and/or optimizing therapy to an anti-TNFg drug in a subject recetving a course of therapy
with the anti-TNFou drug, the method comprising:

(a) measuring the level or percent of a neutralizing form of an autoantibody to the
anti-TNFe drug in a first sample from the subject as described herein at time
10 point to;
{b) measuring the level or percent of the neutralizing form of the autoantibody 1o
a second sample from the subject as described herein at time point &3
{c} optionally repeating step (b) with » additional samples from the subject at time
points ty.1, wherein # 18 an integer from | to abouwt 25 (g, nis 1, 2,3, 4,5, 6,
15 7,8,9,10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, or 25, or any
range therein);
{(h detecting 8 change in the level or percent of the nentralizing form of the

autoantibody from time points tp 1o t; or from time points t, 1o t,q; and

{c) determining a subsequent dose of the course of therapy for the subject or
20 whether a different course of therapy should be administered to the subject

based upon the change 1o the level or percent of the neuatralizing form of the

autoantibody over time.

[8177] In certain other embodiments, the level or percent of the neutralizing form of the
autoantibody (e.g., NAD) 1s measured during the course of anti-TNFa drag therapy at one or

25 more (e.g., a phurality) of the following weeks: 1,2,3,4,5, 6,7, 8,9, 10, 11, 12, 13, 14,15,
16, 17, 18, 19, 20,22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60,
62, 64, 66, 68, 70, 80, 90, 100, eic.

{8178} In some embodiments, determining 8 subsequent dose of the course of therapy for
the subject comprises maintaining, increasing, or decreasing a subsequent dose of the course
30 oftherapy for the subject. In other ernbodiraents, determining a different course of therapy
for the subject comprises treatment with a different anti-TNFu drug. In other embodiments,
determining a different course of therapy for the subject comprises treatment with the current

course of therapy along with another therapeutic agent inchuding, but not linuted to, an anti-
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TNF therapy, an immunosuppressive agent, a corticosteroid, a drug that targets a different
mechanism, a nutrition therapy, and other combination treatments. Tn further embodiments,
determining a different course of therapy for the subject comprises changing the current
course of therapy (e.g., switching to g different anti-TNF drug or to 2 drug that targets a
different mechanism such as an [L-6 receptor-inhibiting monocional antibody, anti-integrin
molecule (e.g., Tysabri, Vedaluzamab), JAK-2 inhibitor, and tyrosine kinase inhibitor, orto a

nutritition therapy {(e.g., special carbohydrate dict)).

{8179] In particular embodiments, an increase in the level or percent of the neutralizing
form of the autoantibody {e.g., NAb) over time is an indication that treatment adjustment
should be recommended for the subject. In certain other embodiments, a change from an
absence of the neutralizing form of the awtoantibody {(e.g., NAb) to the presence thereof over
time 18 an indication that treatment adjustment should be recommended for the subject. In
these embodiments, the subject can be treated with the current course of therapy (e.g., taking
the existing anti-TNFu drug) along with oune or more immunosuppressive agents such as, e.g.,
methotrexate (MTX) or azathioprine (AZA). In certain alternative embodiments, the subject
can be switched to a different anti-TNFo drug. In certain other alternative embodiments, the
subject can be switched to a drug that targets a different mechanism {e.g., a non-anti-TNFa

drug).

[6188]  In yot another particular aspect, the present invention provides a method for
optimizing therapy and/or reducing toxicity in a subject receiving a course of therapy with a
first anti-TNFa drug, the method comprising:
(a) determining whether a neutralizing forre of an autoantibody to the fivst anti-
TNFa drug is cross-reactive with a second (7e., different) anti-TNFg drug by
detecting or measuring the presence, level, or percent of a neutralizing form of
the autoantibody in a sample from the subject in accordance with an assay
described herein; and
{b) determining that a different course of therapy should be administered to the
subject if the neutralizing form of the autoantibody is cross-reactive with the

second anti-TNFa drug.

{8181} In certain embodiments, determining that a different course of therapy should be
administered comprises switching to a drug that targets a different mechanism (e.g., a non-
anti-TNFo drug). Non-limiting examples of such drugs include an TL-6 receptor-inhibiting

monoclonal antibody, anti-integrin molecule {e.g., Tysabri, Vedaluzamab), JAK-2 mhibitor,
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[8182]  In somwe embodiments, the method further comprises determining that a subsequent
dose of the current course of therapy be increased or decreased, or that a different course of
5 therapy should be administered to the subject if the neutralizing form of the autoantibody is
not cross-reactive with the second anti-TNFa drug. In certain instances, the different couarse
of therapy comprises treatroent with the second anti-TNFa drug. In certain other instances,

the different course of therapy comprises treatment with the first or second anti-TNFa drug

along with one or more immunosuppressive agents such as MTX or AZA.

16 {0183] Methods for detecting anti-TNFo drugs and anti-drag antibodies are further
described in PCT Publication No. WO 2011/056590, the disclosure of which is hereby

incorporated by reference in #s entirety for all purposes.

{3184} In certain instances, the present invention may further comprise administering to a
subject a therapeutically effective amount of a course of therapy such as ap anti-TNFa drug
15 ora drug that targets a different mechanisro (e.g., a non- anti-TNFa drug) uscful for treating
one or more symptoms associated with a TNFa-mediated disease or disorder {e.g.. IBD such
as CD or UC). For therapeutic applications, the course of therapy can be administered alone
or co-administered in combination with one or more additional agents as described herein,
As such, the present invention advantageousiy enables a clinician to practice “personalized
20 medicing” by guiding treatment decisions and informing therapy selection and optimization

for anti-TNFa drugs such that the right drug is given to the right patient at the right time.
V.  Acid Dissociation

{0185} In certain aspects, the assay methods of the present invention further coraprise an
acid dissociation step, e.g., to enable equilibration of imnwune complexes for measuring the

25 presence or level of neutralizing avtoantibodies {NAb), non-peutralizing autoantibodies (non-
NAb), and/or isotypes thereot that are generated against biologics such as anti-TNFa drugs.
As aresult, the presence or level of NAb and/or non-NAD to a biologic (e.g., anti-TNFo drug)
administered to a subject in need thereof can be measured without substantial interference
from the administered biologic that is also present in the subject’s sample. In particular, a

30 subject’s sample can be incubated with an amount of acid that 18 sufficient to provide for the
measurement of the presence or level of NAb and/or non-NAb in the presence of the hiologic

{e.g., anti-TNFa drug) but without substantial interference from high biologic drug levels.
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[0186]

in some embodiments, step (a) of the assay methods of the present invention may

cornprise:

{6187

(a”)

In some alternative embodiments, steps (87) and (b)) are performed simultaneously,
, ) Y

contacting the samople with an acid to dissociate preformed complexes of the

autoantibody {e.g.. including neutralizing and/or non-neutralizing forms

thereofy and the biologic (e.g., anti-TNFu drog);

contacting the sample with a labeled biclogic {e.g., anti-TNFo drug) and a

labeled biologic binding motety {(e.g., TNFa) following dissociation of the

preformed complexes; and

nentralizing the acid in the sample to form:

(1) a first labeled complex of the labeled biologic (e.g., anti-TNFo drug)
and the autoantibody; and/or

(1)  asecond labeled complex of the labeled biologic (e.g., anti-TNFq
drug), the labeled biologic binding moiety {(e.g., TNFa)}, and the

autoantibody.

e.g., the sample is contacted with an acid, 3 labeled bislogic (e.g., anti-TNFg drug), and a

labeled biclogic binding moiety {e.g., TNFq) at the same tirse. In other alternative

erobodiments, step (b") is performed prior to step (17), e.g., the sample is first contacted with

a labeled binlogic {e.g., anti-TNFo drug) and a labeled biologic binding moiety {e.g, TNFqg),

and then contacted with an acid. In further embodiments, steps (b7) and (¢7) are performed

simultancously, e.g., the sample 18 contacted with a labeled biologic (e.g., anti-TNFu drug)

and a labeled biologic binding moicty (e.g., TNFg) and neutralized (e.g.. by contacting the

sample with one or more neutralizing agents ) at the same time.

{0188]

In particular embodiments, the sample is contacted with an amount of an acid that s

sufficient to dissociate preforrued complexes of the autoantibody and the biologic (e.g.. anti-

TNFa drug), such that the labeled biologic binding moiety (e.g., TNFg), the labeled biologic

(e.g., anti-TNFa drug), the uniabeled biologic (e.g., anti-TNFg drug), and the autoantibody to

the biologic {2.g., anti-TNFa drug) can equilibrate and form complexes therebetween. Tn

certain erobodiments, the sample can be contacted with an arsount of an acid that 15 sufficient

to allow for the detection and/or measurement of the autoantibody in the presence of a high

level of the biologic (e.g.. anti-TNFa drug).

[6189]

In some embodiments, the phrase “high level of a biologic” such as a high level of
P & 5

an anti-TNFg drug includes drag levels of from about 10 to about 100 pg/mL, about 20 0
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[8198] In some embodiments, the acid comprises an organic acid. In other erabodiments,
the acid comprises an inorganic acid. In further embodiments, the acid comprises a mixture
of an organic acid and an inorganic acid. Non-limiting examples of organic acids include

citric acid, socitric acid, glutamic acid, acetic acid, lactic acid, formic acid, oxalic acid, uric
acid, trifluoroacetic acid, benzene sulfonic acid, aminomethanesuifonic acid, camphor-10-

10 sulfonic acid, chloroacetic acid, bromoacetic acid, iodoacetic acid, propaneic acid, butancic
acid, glyceric acid, succinic acid, malic acid, aspartic acid, and combinations thereof, Non-
Hrotting exaraples of morganic acids include hydrochioric acid, nitric acid, phosphoric acid,

sulfaric acid, boric acid, hydrofluoric acid, hydrobromic acid, and combinations thereof.

{8191} In certain embodiments, the amount of an acid corresponds to a concentration of

from abowt 0.01M to about 10M, about §.1M to about 5M, about §.1M to about 2M, about

J—
(¥

0.2M to about 1M, or about 8.25M to about 8.75M of an acid or a mixture of acids. In other

emmbodiments, the amount of an acid corresponds to a concentration of greater than or equal

to about 0.01M, §.05M, 0.1M, 0.2M, 0.3M, §.4M, 0.5M, 0.6M, 0.7M, 0.8M, (.9M, 1M, 2M,

3M, 4M, SM, 6M, TM, &M, 9M, or 10M of an acid or a mixture of acids. The pH of the acid
20 can be, for example, about 0.1, 0.5, 1.0, 1.5, 2.0, 2.5,3.0,3.5,4.0,4.5, 50,55, 6.0, 0r 6.5

8192} Insome embodiments, the sample s contacted with an acid an amount of time that
is sufficient to dissociate preformed complexes of the autoantibody and the biclogic (e.g.
anti-TNFo drug). In certain instances, the sample is contacted (e g, incubated) with an acid
for a period of time ranging from about 8.1 hours to about 24 hours, about 8.2 hours to ahout
25 16 hours, about (0.5 hours to about 10 hours, about 0.5 hours to about 3 hours, or about 0.5
hours 1o about 2 hours. In other instances, the sample is contacted {e.g., incubated) with an
acid for a period of time that 15 greater than or equal to about 0.1,0.2,0.3,04, 0.5, 0.6,0.7,
08,09, 1,15 2,25, 3,35,4,45,5 6,7, 8,9, or 10 hours. The sample can be contacted

with an acid at 4°C, room temperature (RT), or 37°C.

30 [8183]  In certain embodiments, the step of neutralizing the acid comprises raising the pH of
the sample to allow the formation of first and/or second labeled complexes described herein.
In some embodiments, the acid 18 neutralized by the addition of one or more neutralizing

agents such as, for example, strong bases, weak bases, buffer solutions, and combinations
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acute nyeloid |eukema. Rttman(r) (ritumai),) Genentech Biogen idec B-cell
non- Hodgki n' s | ynphoma, i ndol ent non-Hodgkin's :|ynphonma induction therapy,
rel apsed wo 208faei0ory CLL : Zeval i nTM (i britunmomab ti ekefs®a)12Bygen | dec
Non- Hodgki n's | ynphorma 1 1311 -huA 33 Life Science Pharnaceuticals

col orectal cancer 1D09C3 GPC Biotech rel apsed/refractory B-cel I Iyrrphomas

AGS PSCA I\?ia‘be 98 ';e ) l}fled i Fhe ar“tp\{fﬁSt %E&at%%_%;eutrﬁ{ﬁtﬂ%g& }&%@%goi nece%%m 1% cancer

B-cel | chronic I'euKkenm 4
imply a rgsuit&m pH oi 7. In some instances, acid neatralization results in a sample that is

hasic. To other instaunces, acid neutralization results 1o a sarople that is acidic (but higher than
the pH of the sample prior to adding the neutralizing agent). In particular embodiments, the
5 neutralizing agent comprises a buffer such as phosphate buffered saline (e.g., 10x PBS)ata

pH ot about 7.3,

{0194} In some embodiments, step (b”) further coraprises contacting an internal control
with the sample together with 2 labeled biologic (e.g., anti-TNFg drug) and a labeled biologic
binding moicty {e.g., TNFa} (e.g., before, during, or after dissociation of the preformed

[0 complexes). In certain instzmces, the internal control comprises a labeled internal control
such as, e.g., Bioceytin-Alexa 488, Tn certain other instances, the amount of the labeled
internal control ranges from about 1 ng to about 25 ng, about § ng to about 25 ng, about 5 ng
to about 20 ug, about I ng to about 20 ng, about 1 ng to about 10 ng, or about | ng to about §
ng per 100 ul of samiple analyzed. To further instances, the amount of the labeled mternal

15 control is greater than or equal to about 1 ng, Sng, 10 ng, 15 ng, 20 ng, or 25 ng per 100 L

of sample analyzed.

[0185]  As one non-linuting example of the methods of the present invention, samples such
as serum samples (e.g., serurn from subjocts receiving therapy with an anti-TNFo drug such
as Remicade (IFX)) can be incubated with 0.5M citric acid, pH 3.0 for one hour at room

20 temperature. Following the dissociation of preformed complexes between (unlabeled) anti-
TNFa drag and autoantibodies to the anti-TNFa drug (e.g.. anti-drug antibodies such as anti-
{FX antibodies (ATh)), labeled anti-TNFu drug {e.g., IFX-Alexa 48R}, labeled TNFa (e.z.,
ThNFo-Alexa 5323, and optionally an internal control can be added and the reaction mixture
{e.z., inmediately) nentralized with a neutralizing agent such as 10x PBS, pH 7.3. After

25 neutralization, the reaction mixture can be incubated for another hour at room teraperature
{e.g., on a plate shaker) to allow equilibration and o complete the reformation of immune
complexes between the labeled TNFa, the labeled anti-TNFa drug, the unlabeled anti-TNFu
drug, and/or the aotoantibody to the anti-TiNFe drug. The samples can then be filtered and

analyzed by SEC-HPLC as described herein.

30 {8196} In particular embodiments, the methods of the present invention {e.g., comprising
acid dissociation followed by homogeneous solution phase binding kinetics ) significantly
increases the IFX drug tolerance such that NADb and/or non-NAD ATI can be measured in the
presence of IFX ap to about 60 pg/mL. In other words, the methods of the present mvention
can detect the presence or level of NAD and/or non-INAD to anti-TNFa drogs such as ATT as
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/- ngen Angen AMG 655 Anp-en b cancer AMG 706 Anp-en b i matinib-resistant
@ ST, advanced thyroid cancer AMSG 706 Angen imatinib resistant d ST,
advanced whypwiesiancer -. anti-CD23 IM/ b anti-CDBO MpCThISan2i0437¢4 ot - '

X' : cancer vaccine anti-iynphotoxin beta receptor MAb . oger Idec
3ioc,,ert ldec Wentia Biotech Biogen idec CLL ion-Hodgkin's 3-cell
| ynphorma Q:egeliilag Q%Qatmi%géi@sntg The? z(i)nltilfll\&t?éj 4%!;45 in the presence of high levels of anti-TNFa

drugs {e.g., IFX), but without substantial interference therefrom,

18197] Methods for detecting anti-drug antibodies using acid dissociation are further
described in PCT Application No. PCT/US2012/025437, filed February 16, 2012, the

5 disclosure of which is hereby incorporated by reference in its entirety for all purposes.
Y. Bislogic Therapy

{3198} The assays of the present invention are suitable for detecting and/or measuring the
presence or absence {e.g., whether positive or negative), level, or percent of neutralizing
and/or non-neutralizing autoantibodies to any biologic in g sample from a subject (e.g., a

¢ subject recetving biologic therapy). Non-limiting examples of biologics include antibodies,
antibody fragments, proteins, polypeptides, peptides, fusion proteins (e.g., Ig fusion proteins
or F¢ fusion proteins), multivalent binding proteins {e.g., DVD Ig), antibody-drug conjugates,
vaccines, nucleic acids, sugars, recombinant forms thereof, engincered forms thereof, and

combinations thereof

15 (81991 Examples of antibody-based biclogics include, but are not limited to, therapeutic
monoclonal antibodies and antigen-binding fragrments thereof. In particular embodiments,
the antibody comprises an anti-TNFu drug such as REMICADE™ (infliximab), HUMIRA™
(adalimumab), CIMZIA® {(certolizumab pegol), SIMPONI® (goliraumab; CNTO 148), or
combinations thercof, Additional examples of antibody-based biclogics include antibody-

2¢  drug conjugates such as Adcetris™ (brentuximab vedotin}. Table 1 provides an exemplary
fist of therapeutic monoclonal antibodies which have cither been approved or are currently in
development. An extensive list of monocional antibody therapeutics in clinical development
and approved prodacts is provided in the 2006 PhRMA Report entitled “41R8 Biotechnology
Medicines in Testing Promise to Bolster the Arsenal Against Disease,” the disclosure of

25  which is hereby incorporated by reference in its entirety for all purposes.

TABLE 1

Therapeutic monocional antibodies

Product Name Comwpany indication{s)
joflammatory Diseases

Remicade™ (infliximab) Janssert Biotech, Inc. Crobr's discase

ABT 874 Abbott Laboratories Crobri's discase

Stelara® (ustekinummab) Fanssen Biotech, Inc. Crobrd's discase

Humira™ {adalinwamab) Abbott Laboratories Crobr's disease

MIDX-1 100 Millermium Pharmaceuticals ulcerative colitis

Muvien® (visilizumab) PDL BioPhara LY. steroid-refractory ulcerative
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anti-PEM MAb Somartta Pharmaceuticals cancer 1 : artti-Tac(Fv)-E38
iirranunol o' in i-- National Cancer Institute |leukema, ilynpii()M
Avast i n(rwo@hsyooegIoni tt1 ab) Genentech rel apsed net ast aPCt/used10/0¢z704l
cancer, first line netastatic breast cancer, first-line non-squanmous WO
2013/ 006810PCT/ US2012/ 045794 TABLE 1 Thera eutic nonocional antibodi es

Product Name—-AVE-9633—maytar L Str=1 uaad/ggi }E‘Qt t=—€B33—-MAb————Conpany
Sanof i Averti-s—ndi-cati-onf-s)—NSCELEC€afeers—AM—bavi-twd-rab—Peregrine
\ l 1)
Phar maceuti cal s solid cancer $hgAky icAnt i body Technol ogy
Product Name Company Indication(s}
colitis and Crobr's disease
Tysarhi® (natab zumab) Biogen ldec “rohy's disease
Simipeni® { golimumab} Janssen Biotech, Inc. nveitis

Autsimomunoe disorders

Huraira™ (adaliroumab) Abbatt Laboratories rhenmatold arthritls, ankylosing
spondylitis, juvenile rheumatoid
arthritis, psoriasis

Remicade™ (infliximab} Fanssen Biotech, Inc. rheumnatoid arthritis
Rimapoeni® {golirarmab) Janssen Biotech, inc. rheumatoid arthritis, ankyiosing
spondylitis, psoriatic arthritis
Rituxan® (rituximnab} Genentech rheuruateid arthertis, lupus, prirmary
Biogen Idec progressive multiple sclerosis,
SLE, relapsing-remitting muitiple
sclerosis
Tysarbi® (natalizumab) Biogen Idec muitiple scleorisis
Stelara® (usk,kmmnm) Janssen Biotech, Inc. plague psoniasis, raultiple sclerosis
ART 874 Abbott Laboratories anttiple sclerosis
Actomra Roche rheurnatoid arthetis
AME 527 Applied Molecular rheurnatoid arthetis
AMG 108 Arngen rheurnateid arthetis
AMG 714 Arngen rheurnateid arthetis
anti-CD6 MAD Macro(enics immune thrombocyiepenic
daclizumab (andi-CD25 MAD) PDL BioPhatroa muitiple sclerosis
Biogen Idec
devosumiab (AMG 162} Amgen rheumatoid arthritis
ET1-201 Flusys Therapeutics SLE
HuMax-CD20 {olaturmumab) Genroab rhevmatold arthritis
HuZAF™ (fontolinmmab) P13 RioPharma rheumatold arthritis
Biogen Idec
IMMU-106 (hCD20) Imnunomedics autoimmune disease
LymphoStat-B™ (helimumab) Human Genome Sciences rheumatoid arthritis, SLE
MEDI-545 (MDX-1103) Medarex lupus
Medlromune
siphizoraab (MEDH-30T) Medimmune pROTidsis
MEUN 1202 Millennium Pharmaceuticals minitiple sclerosis
ocrelizumab {anu-CD20)Y (R1594) Genentech multiple sclerosts, rheumatoid
Biogen Idec arthritis
Roche
OKT3-gamma-{ Johnson & Johnson psoriatic arthritis
TRX | (anti-CD4) TolerRx cutaneous lupus erythematosus
TRX 4 TolerRx psoriasis
Infectious diseases
Synagis® (palivizumab) Medimmune prevention of respiratory syncyiial
virug (RSV)
MDX-066 (CDA-1) Medarex (. difficile disease
arti-HIV-1 MAb Polvroun Scientific HIV infection
CCRS MAb Huran (enorne Sciences HIV infection
Cytolin® (aoti-ChE MAb) CytoDvn HIV infection
NMOT SRD Pharmaceuticals HIV infection
PRO 140 Progenics Pharmaceuticals HIV infection
TNX-355 Tanox HIV infection
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hairy cell |leukem a chineric Ni Ab National Cancer Institute neurobl astom
siltuxi mab (CNTO 328) Janssen Biotech, Inc. renal cancer, prostate cancer,
mul ti pl e wotos/es0Cot ara TM Per egri ne Pharmaceuti cal s IPCRIUS2@12/0¢3504
bi vat uzumab Boehringer | ngel hei m Pharmaceuticals Pfizer cancer
adrenocortical carcinoma, non-snall cel I Iung cancer CP- 751871
(figitumyrrab) €S-1008—(tt+gat u4uuuu?|,®§ o chi—S—att+—kyo—pancreattec—cancer,
col or ect at—eaneer-—noen—stwat—eeH—tung—cdneer—ovari-an—canecer—Brevakexn
Vi Rexx Therapeutic monocional antibodieg
Product Name Company Indication(s}

ABthrax™ {raxibacumab) Hursan Genowe Sciences anthrax

Authira ™ ETER204) Flusys Therapeutics anthrax

anti-hsp2¢ MAb NeuTec Pharma candidiasis

anti-staph MAb Medimmune revention of staphylococcal
infections
Aurexis (tefibazumab) Inhibitex prevention and treatment of S.

aureus bacteremia

bavituximab

Peregrine Pharnwaceuticals

hepatitis C

MDX-1303 Medarex anthrax
PharmAthene
Nuraax™ (ruotavizumab) Medimomune RSV

Tarvacin®™

Peregrine Pharmaceuticals

epatitis

XTL 6865

XTL Biopharoaceuticals

b s C
hepatitis C

Cancer

Avastin™ (bevacizumab)

(enentech

metastatic colorectal cancer

Bexxar® {(tositunomab)

GlaxoSmithKline

non-Hodglkin's lymphoma

Campath® (alomiuziimab)

Berlex Laboratories

B-cell chronic lymphocytic

Genzyme levkemia
Erbitux™ (cetuximab) Bristol-Myers Squibb colorectal cancer, squarnous cell
Medarex cancer of the head and neck
Herceptin® (Irasturimab) Genentech HER2-overexpressing carly stage
or metastatic breast cancer
Mylotarg™ (gemtuzumab Wyeth acute niyeloid leukemia

QZOZAMICINng

Rituxan® (rituximab}

Genentech
Biogen Idec

B-cell non-Hodgkin's lymphonia,
indolert non-Hodgkin's lyraphoma
induetion therapy, relapsed or
refractory CLL

Zevali™ {(tbhritumeomab tiuxctan)

Biogen Idec

Mon-Hodgkin's tymphoma

1311-huA33

Life Science Pharmaceuticals

colorecial cancer

1DOSC3

GPC Biotech

relapsed/refractory B-cell
lviphomas

AGR PSCA MAb Agensys prostate cancer
Merck

AMG 102 Arggen cancer

AMG 479 Arggen caneet

AMG 623 Aragen B-cell chronie tymphocoytic
leukemia (CLL)

AMG 655 Amgen cancer

AMG 706 Amgen imatinib-resistant GIST, advanced
thyroid cancer

AMG 706 Amgen imatirdb resistant GIST, advanced

thyroid cancer

anti-CD23 MAb

Biogen Idec

CLL

anti-CD8G MAD

Biogen Idec

non-Hodgkin's B-cell lymphoma

anti-idiotype cancer vaceing

Viventia Biotech

malignant roslanoma

anti-lymphotoxin t
MAb

veta recepior

Riogen Idec

sohid tumors

ant-PEM MAb

Soroanta Pharmaceuticals

CanCer

anti-Tac{Fv-£38 immmunetoxin

National Cancer Institute

leukemia, lyruphoma

Avastin® (bevacizurnab)

Genentech

relapsed wetastatic colorectal
cancer, first line metastatic breast

cancer, first-line non-sguamous
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) 1e nivel oma denosunmab Angen bone | oss i nduced by
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i n breast can®em/useo1anui7exi nab

Kyowa Hakko USA malignant nel anoma FM ) 273063 Erbitukrm EM ) Lexigert

Bristol Myers Squibb SO|Id tunDrs nallgnant nelanona neur obl ast oma, SCLC
head/ neck—cance v e
NSCLC, fit-st—ttne colorectal € -er-ee VI K
Progeni es Pharmaceuti cal s pr @l mico: A lundiedie fol |l ow t o
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tunors i ANFPG@EETR&WMEFdwm~ ﬁUGEAETﬁQ (yrlaratunuﬂﬁab.) E : FIGTR1
Human Cer Sci-ences

Pere grne Pha rmau,utlcaib

solid cancers

L’\T 3888

Canmibridge Antibody Technology

hairy cell leukemia

chimeric MADb

National Cancer Institute

neureblastoma

silftuximab (CNTO 328}

Janssen Biotech, inc.

renal cancer, prostate cancer,
muitiple myeloma

Cotara ™

Peregrine Pharnwaceuticals

brain cancer

bivatuziimab

Bochringer Ingeltheim
Phatrnaceuticals

cancer

CP-751871 {fgitumurmab)

Plizer

adrenocortical carcinoma, non-
stoall cell tung cancer

{S-1008 (tigatunmnab)

Pratichd Sankyo

pancreatic cancer, colomctal
cancer, non-small cell lung cancer,
OVariarn cancer

BrevaRex™ ViRexx breast cancer, rouliple myeloma
denosumab Amgen bone loss induced by hormone

ablation therapy for breast or
prostate cancer, prolonging bone
ases-free survival, bone
metasiases in breast cancer

ecromeximab

Kyowa Hakko USA

malignant melanoma

EMI 273063

EMD Lexigen

solid tumors, roalignant meelanoma,
neurcblastoma, SCLC

Erbitax™

Bustol Myers Squibb

head/meck cancer, firsi-hne
palicreatic, tirst-line NSCLC,
second-iine NSCLC, first ine
colorectal cancer, second-lne
colorectal cancer

GMK

Progenies Pharuaceuticals

prevertion of recurrence following
surgery 1o remove primacy
melanoma in high-risk patients

Campath® (alomtuzimab)

National Cancer Institute
Rerlex Laboratories

leukemia, lyrophoma

HGS-ETR1

Human Genome Sciences

hematologic and solid tumors

HGS ETR2 {(mapatumumab)

Human Genome Sciences

hematologic and solid tumors

HGS-TR2J

Human Genome Sciences

advanced solid tumors

Hu(242-DM4 ImmunoGen colorectal, gastrointestinal,
NSCL{, pancreatic cancers
HuMax-CD4 (zanolimumab) Genmab cutaneous T-cell lymphoma, non-
Serono cutangous T-cell lvraphorna
HiuMax CD20 {ofatumumab) Gerpnab CLL, non-Hodgkin's yraphoma
HubMax-EGFr Gennab head and neck cancer

hulSG1-DML

ImunoGen

SCLLC muitiple myeloma

ipthmumab

Bristol-Myers Squibb
Medarex

melanema maonotherapy, loukemia,
Ivmphoma, ovanan, prostate, reral
cell cancers, melanoma (MCUX-010
+/- DTIC), second-line metastatic
melanoma (MEX-010 disomotide/
overraotide MDX-1379)

M19S-bismuth 213 conjugate

Actinium Pharmaceuaticals

AML

M20G (volocixirnab)

PDL BioPharma Fremont, CA
Biogen Idec Cambrnidge, MA

advanced solid tumors
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HuC242- DMA | nmunoGen col orectal, gastrointestinal, NSCLC, pancreatic
cancers HuMax-CD4 (zanol i mumab) Gennmab Serono cutaneous T-cell |ynphoma,
noncut anew00B/wed1b | vatt uttorna HuMax CD20 (of at ununi alBTESe121043204
non- Hodgki n' s | ynphoma HuMax- EGFr CGertirtab head and neck cancer

11111' 19014nl | mmurtoGen SCLC rruI tiple nyel one | p| i rrunl ab Bristol-Mers

Squi bb Medar-ex—ret-anora—rort-ot-her apy? xg :14 em-a;—Hynphoma,—ovartan; i
prost at e,—renat—eet—eancers,—el a..u..‘u NEX--010—+1-—DH C—second-ti-ne
nmet ast at i SRR AL LS ngick de MDX- 1379)

MLO5- bi sniut-h—213—conjugat-e I:L,LI ni-um-Pharnaceut-ogat-s—AM-—NW2 OO

(vol oci xiimab) PDdeBi*gPhar r na |Fr enont Cem@asBi ogen |idec Cantglijatkgé) VA

MaAb Heli-1

National Cancer Institute
Bethesda, MD

Tvmphoma, non-Hodgkin's
lymphoma

MPX-060 (iratumunab} Medarex Hodgkin's discase, anaplastic large-
celi-lvmphoma

MDX-070 Medarex prostate cancer

MDX-214 Medarex ECFR-expressing cancers

MEDI-522 Medimmune T-cell lymphoma, melanoma,
prostate cancer, solid tumors

MORAD 603 Morphotek OQVATIaN Cancer

MORAD 009 Morphotek mesothelin-expressing turaors

neuradiab Bradmer Pharmaceuticals glioblastorna

nimotununab

YM Biosciences

squamious cell carcinomas of the
head and neck, recurrent or
refractory ligh grade malignant
glioma, anaplastic astrocyiomas,
glioblastomas and diffise tntrinsic
pontine glioma

Ommnitarg™ (pertuzumab) Genentech QVarian cancer

Ovalex® (oregovomab) ViRexx MADb OVarian cancer

PAM 4 Merck pancreatic cancer

panitumummab tHuMADb EGEn) Abgenix colorectal cancer

PSMA-ADC Progenics Pharmaceuticals prostate cancer

R1550 RadioTheraCIM Roche mtastatic breast cancer, glioma

YM BioSciences

RAV 12

Raven Biotechnologies

Cancer

Rencarex® (G250

Wilex AG

renal cancer

SGN30

Seattle Genetics

cutaneous anaplastic large-cell
MAD lyrphoma, systernic
anaplastic large-cell lyrophowma,

Hodgkin's dlﬁeasb

SGN-33 (nturumab)

Seattle Genetics

AMLU, myelodysplastic syndromes
CLL mmitiple myeloma, non
Hodgkin's lyimphoma

RGN-44

Seattle Genetics

AML., myelodysplastic syndromes
CLL multiple myeloma, non
Hodgkin's ly mphoma

sibroturtunab

Life Seience Pharmaceuticals

colorectal, head and neck, hung
CACETS

Tarvacin®™ (havituximab}

Peregrine Pharmaceuticals

solid tumors

frernelimurmab Plizer mictastatic melanoma, prostate
cancer
TNX-650 Tanox vafractory Hodghin's lymohoma

Zevalin ™ ({britumornab tiuxetan)

Spectrum Pharmaceuntioals

aon-Hodgkin's lymphoma

Blooed diserders

ReoPro® (abciximab)

Fli Lilly

adjunct 1o percutansous corenary
intervention for the prevention of
cardiac ischemic complications

urtoxazumab Teijin Pharma hemolylic uremic
afelimomab Abbot Laboratories sepsis, septic shock
cculizumab Alexion Pharmaceuticals paroxysmal nocturnal

hemmoglobinurea

Cardiovascular disease

MIN 1202

Millennium Pharmaceuiicals

atherosclerosis

pexelizumab

Alexion Pharnmaceuticals

ute myocardial infarction,
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advanced solid tunors WO 2013/ 006810PCT/ US2012/ 045794 TABLE 1 Thera -eutic
nonocl onal anti bodi es Product Nanme | VI Ab HeFt.-1 Conpany Nati onal
Cancer | ns0i2pr@eBet hesda, MD | ndication(s) |ynphoma, n®aTHSAYRINS794

| ynphoma MDX- 060 (iratunmumab) Medarex Hodgkin's di sease, anapl astic

| ar gecel | -1 ynphoma 1\ 4DX- 070 Medar ex prostate cancer 1\4DX-214 Medar ex

ECFR- expresgrﬁgweaﬁeefsw%@ydﬁ F=cett—t yllplluuu ret-anora:;
t at AanEeQr eplid tatomr o i A 44 ‘563——MRAR—009——It—peuradi-ab
prost at e reantet;—Sort+-a-t-thot-S—vio O UUo - iVicRARUY T—Reur-att-ab
Therapeutic monociong! antibedics
Product Name Company Indication{s)
Procter & Garoble Pharmaceaticals | cardiopulmonary bypass
Diabetes and Related Conditions
anti-CD3 MAb MacroGenics vpe-1 diabetes mellitug
OKT3-camma- | Fohnson & Jobnson vpe-1 diabetes mellitug
TRX 4 (aoti-CHi3) TolerRx voe-| diabetes mellitus
Genetic Diserders
Soliris™ (eculizumab) Alexion Pharmaceuticals paroxysmal nocturnal
hermoglobimuia (PNH)
Neurslogical Disorders
RN624 Rinat Neuroscience ostecarthritis pain
RNIi2i9 Rinat Neuroscience Alzherner's disease
Respiratery Diserders
ABN 912 Novartis Pharmagceuticals asthma, chronic obstructive
pulrnonary disorders (COPIH
ABX-ILS Amgen COPD
AMG 317 Angen asthima
dachzuab (anti-C235 MAD) Protein Design Labs asthima
Roche
MEDIE-528 {(anti-TL-9 MAb) Medlmmune asthma
mepolizumab (anti-TL3 MAb) GlaxoSmithKline asthma and nasal polyposis
TNX-832 Tanox respiratory discases
Houston, TX
Xolair® {omalizumab) Genentech pediatric asthma
Novartis Pharmaceuticals
Transplatation
ORTHOCLONE OKT® 3 Ortho Piotech acute kidneoy transplant rejection,
{rmmuromomab-CD3) reversal of heart and hiver
transplant rejection
Sinulect® (basiliximnab) Novartis Pharmaceuticals prevention of renal transplant
rejection
Zenapax® (daclimuniab) Roche prophylaxis of acute kidney
transplant rejection
OKT3-gamma-1 Protein Design Labs renal transplant rejection
Jolinsen & Jobuson
Other
CR 8002 Curalzen kidnoy inflanunation
deposumab (AMG 162) Amgen postroenoepausal osteoperosis
mepolizumab {ant-1L3 MAb) GlaxoSmithKiloe hypercosinopbilic syndrome,
eosinophlic esophagitis
Xolair® {omalizumab) Genentech peanut allergy
Tanox

{8288} Non-limiting examples of protein-based or polypeptide-based biologics inchude
cytokines (e.z., interleuking), chemokines, gmwﬂa factors, blood-production stimulating
proteins {e.g., crvthropoietin), hormones {e.g., Elonva®™ ( (follicle stimulating hormone),

5 growth hormone), enzymes (e.g., Puimozyme& {(dornase alfa)), clotting factors, insulin,
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_ Mor phot ek Morphot ek Bradmer Pharmaceutical s ovarian cancer mesothelin
-expressing tunors glioblastoma _, __ninotuzuanab YM Bi osci ences squanous
cel | car cwpanms06f10t he head and neck, recurrent or refr&CTarsgoiniogiTogr ade
mal i gnant glioma, artaplastic astrocytomas, glioblastomas and diffuse
intrinsic pontine glionma ovarian cancer ovarian cancer E : OmitarTM

(pert uzun%ﬁ))umtn'@iavmen & 16?605 con%il\m‘%b‘, el maaodl f %%e ngﬁtﬁ s ;‘ a%gg)@\ rﬁw}geoi' anBAM 41

Mer ck pancreati

combinations ﬂlsrmf
{8281} Examples of cytokines include, but are not imited to, TNFa, TNF-related weak
inducer of apoptosis (TWEAK), osteoprotegerin (OPG), IFN-g, IFN-, IFN-y, intericuking

5  {eg., IL-la, IL-1B, IL-1 receptor antagonist (IL-1ra), 1L-2, 1L-4, IL-5, IL-6, soluble IL-6
receptor (s1L-6R), TL-7, TL-8, 1L-9, IL-1{, TL-12, TL-13, TL-15, HL-17, 1L-23, and 1L-27),
adipocytokines (e.g., leptin, adiponectin, resistin, active or total plasminogen activator
imhibitor-1 (PAL-1), vistatin, and retinol binding protein 4 (RBP4)), and combinations
thereof. In particular embodiments, the interleukin comprises TL-2 such as Proleukin®

10 (aldesievkin; recombinant 11.-2).

19262  FExamples of chemokines include, but are not imited to, CXCLV/GROV/GROq,
CXCLZ/GROZ, CXCL3/GRO3, CXCLA/PF-4, CXCLS/ENA-TR, CXCL6/GCP-2,
CXCLT/MNAP-2, CXCLY/MIG, CXCLIWIP-10, CXCLI/ETAC, CXCLI2/SDF-1,
CXCLI3/BCA-1, CXCLI4/BRAK, CXCL1S, CXCLI6, CXCLIT/DMC, CCL,

15 CCL2Z/MCP-1, CCLA/MIP-1a, CCLA/MIP-1B, CCLS/RANTES, CCL6/CI0, CCLT/MCP-3,
CCLB/MCP-2, CCLY/CCLIO, CCL1/Eotaxin, CCL12/MCP-5, CCL13/MP-4,
CCLI&/HCC-1, CCLIS/MIP-5, CCLIS/LEC, CCLIT/TARC, CCLIS/MIP-4, CCLI9/MIP-
3R, CCL2O/MIP-3a, CCL2ZUSLC, CCL22/MDC, CCL2I/MPIFL, CCL24/Eotaxin-2,
CCL25/TECK, CCL26/FEotaxin-3, CCL27/CTACK, CCL2E/MEC, CLI, CL2, CX5CLY, and

20 combinations thereot.

{82831 Non-limiting examples of growth factors include epidermal growth factor (EGF),
heparin-binding epidermal growth factor (HB-EGF), vascular endothelial growth factor
{(VEGF), pigment epithelium-derived factor {PEDF; also known as SERPINF ),
amphiregulin (AREG; also known as schwannoma-derived growth factor (SDGF)), basic

25 fibroblast growth factor (bFGF), hepatocyte growth factor (HGF), transforming growth
factor-o (TGF-a), transforming growth tactor-f (TGF-B1, TGF-B2, TGF-B3, efc.), endothelin-
1{ET-1), keratinocyte growth factor (KGF; also known as FGF7), bone morphogenetic
proteins {(e.g., BMPI-BMP15), platelet-derived growth factor (PDGF), nerve growth factor
(NGF), B-nerve growth factor (§-NGF), neurotrophic factors {e.g., brain-derived neurotrophic

30 factor (BDNFE), neurotrophin 3 (NT3), neurotrophin 4 (NT4), etc.), growth differentiation
factor-9 (GDF-9), granulocyte-colony stimulating factor (G-CSF), granulocyte-macrophage
colony stinmlating factor (GM-CSF), myostatin {GDF-R), ervthropoietin (EPO),

thrombopoietin (TPO), and combinations thereof,

hH
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Orencia” (abatacept; immunoglobin CTLA-4 fusion protein), Amevive” (alefacept; 1gG1
fusion protein), ENBREL™ (etanercept; recombinant human TNF-receptor fusion protein),
engineered proteins combining two different polypeptide species (e.g., Ontak™ (denileukin
diftitox; engincered protein comprising interieukin-2 and diphtheria toxin}, and combinations

thereof.

{8285] The present invention can therefore be used in methods for detecting and measuring
the presence or level of neutralizing and non-neutralizing auvtoantibodies to biologics such as
anti-TNFg drug therapeutics in a sample from a subject receiving biologic therapy for one or
more of the diseases or disorders referred to herein and Table 1, inchuding one or more of the

following:

{0266] Inflammatory discases, such as inflammatory bowel disease (IBD) {e.z., Crohn’s
disease {CD) and ulcerative colitis (UC)), uveitis, sarcoidosis, Wegener's granulomatosis,

and other diseases with inflammation as a central feature;

{82871  Autoimmune discases, such as rheumatoid arthritis (RA), mmultiple scleorisis (MS),
systemic lupus erythematosus (SLE), ankylosing spondylitis (Bechterew’s discase), hupus,

psoriatic arthritis, juvenile idiopathic arthritis, psoriasis, and erythematosus;

[8288] Cancer, such as digestive and gastrointestinal cancers {e.g., colorectal cancer, small
intestine (small bowel) cancer; gastrointestinal stromal tumors, gastrointestinal carcinoid
tumors, colon cancer, rectal cancer, anal cancer, bile duct cancer, gastric (stomach) cancer;
esophageal cancer; appendix cancer; and the like); gallbladder cancer; liver cancer;
pancreatic cancer; breast cancer; lung cancer {e.g., non-small celf lung cancer); prostate
cancer; ovarian cancer; renal cancer (e.g., renal cell carcinoma); cancer of the central nervous
system; skin cancer; choriocarcinomas; head and neck cancers; hematological malignancics
{e.g.. leukemia, lymphoma such as B-cell non-Hodgkin’s lymphoma); osteogenic sarcomas
{e.g., BEwing sarcoma}; soft tissue sarcomas {¢.g., Dermatofibrosarcoma Protuberans (DFSP),

rhabdomyosarcoma); other soft tissue malignancies, and papillary thyroid carcinomas;

18288]  Infectious diseases, such as C. difficile discase, respiratory syncytial virus {(RSV),

HIV, anthrax, candidiasis, staphylococcal infections, and hepatitis C;

18218] Blood disorders, such as sepsis, septic shock, paroxysmal nocturnal hemoglobinuria,

and hemolytic wremic syndrome;



si broturtumab Life Science Pharmaceuticals colorectal, head and neck, |ung
cancers Tarvachi rm (bavituxi mab) Peregrine Pharmaceuticals solid tunors
tremel i mwO2b13[U81650 Zeval in |'m (ibr turrioni ab Euxet CT)US20Ri023504 Tat i ox
Spectrum Pharmaceutical s netastati c nmel anoma, prostate cancer refractory
1 (viciti's |ynmuhoma non Hodgkin's |, yriipliorria Blood disorders

ggrlg; ggggi%@% / %Jgrzg ¥, 7061 fggsg%% %Ll(ﬁl axnﬁgg}é‘tll rc?‘ Sacut? ]r'nyoge\ilr)dial infarction,

cardiopulmonary bypass, and angina;
[8212] Metabolic disorders, such as diabetes, e.g., type-T diabetes mellitus;
{0213}  Genetic disorders, such as paroxysroal nocturnal bemoglobinuria (PNH);

5 18214] Neurological disorders, such as ostecarthritis pain and Alzheimer’s discase;
18215] Respiratory disorders, such as asthma, chronic obstructive pulmonary disorders
(COPD), nasal polyposis, and pediatric asthma;

{8216} Skin disecases, such as psoriasis, including chronic moderate to severe plaque
peOriasis;

10 {1217} Transplant rejection, such a8 acute kidney transplant vejection, reversal of heart and
fiver transplant rejoction, prevention of renal transplant rejection, prophylaxis of acute kidney

transplant rejection, and renal transplant rejection; and/or

{0218] Other disorders, such as kidney inflammation, postmenopausal osteoporosis (bone

disorders), hypereosinophilic syndrome, eosinophilic csophagitis and peanut allergy.

15 {6219}  In particular embodiments, the subject has a TNFo-mediated disease or disorder
such as, e.g., an autoimmune disease (e.g., rheumatoid arthritis} or an inflammatory disease
{e.g., mflammatory bowel disease (IBD) such as Crohn’s disease (CD3) or ulcerative colitis
(LCH).
Vi  Examples

206 {8228} The present invention will be described in greater detail by way of specific
examples. The following examples are offered for illustrative purposes, and are not intended
to limit the invention in any manner. Those of skill in the art will readily recognize a variety
of noncritical parameters which can be changed or modified 1o yield essentially the same
rosults.

25 |8221} The examples from PCT Application No. PCT/US2(12/425437, filed February 16,

2012, are herehy incorporated by reference in their entivety for all purposes.

Example 1. Development of a Novel Assay {e Monitor Neuwtralizing Anti-Drug Antibody

Formation in IBD Patients,

{8222} This example illustrates a novel homogeneous assay for detecting or measuring the

30 presence or level of neutralizing and/or non-neutralizing anti-drug autoantibodies (ADA)Yina
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(e.qg., I n-derived neurotrophi 30fact or (BDNF), neurotrophin 3 (NT3),
neur ot2Bophieysrided INT4Y., PEL éx>9>ilcdg®rom W/ U EHENEr Bt bled Felovoy 16, 3(0@)%11@)
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protein) " Anevi ve(r) (al efacept:. | fusion protein), ENBREL) (etanercept,;
P oo hanb P ) F bEenRin Seiah 430 Sralhs i@@ﬁﬁrf@éﬁ&#ﬁ%{-ﬁe. hs
combi ni ng Thwareduhdce iRRLNROAYPSPL thel &cSPREIASxab 82 fhak nfmzaM helaleRkd & Ukbm
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toxi ), ARGOEBREPRAR BHS ARG Ror T 2056 THY prEge ght POIFIEaA t heref or e
be used i RaeBkbEdAT Gkt QeHHRENT PYcIANRPRREMEE G REIRK eS@H SR DKL, exehs Of
neutraI|Z|n9 and non-neutralizing autoantibodies to biologics such as
an equal proportion of ATT 1n the sarople 1s non-NAb, and 0% meauns that all ATI 1s non-
30 NAD. A reference range was cstablished using serum from 75 healthy volunteers. ATH
positive seram samples (>3.13 U/mL) from 132 residual IBD patient seram screened for IFX
and ATI levels were analyzed for NAb. Positive controls were created using pooled ATI

positive patient serum.

{6225} For data analysis, a peak detection algorithm is used to find all of the peaks and
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of specif i‘i\%%b positive (mean 22.47%, range 3.29-51.63%). AT levels greater than 60 U/mL
corresponded to highly neuntralizing Ab. Further analysis of NAD positive samples reveals a
linear correlation between ATI titer and NAD positivity. In particular, Figure | illustrates that

30 there was a clear relationship between NAb percent (y-axis) and ATI levels (Spearman Rank
Correlation, rho=0.564, p << 0.0001). Figore 2 llustrates that an ATI concentration > 60
U/mi 1s predictive of NAD posttivity (NAb+). Sensitivity = 77.8%; Specificity = 98.1%;
Odds ratio = 63.6, p << (.0001, Fisher's Exact Test. Figure 3 itiustrates an AT cutoff



exanples. The follow ng exanples are offered for illustrative purposes, and
are not intended to limt the invention in any manner. Those of skill in
the art wWvDI20r3gme81by recogni ze a variety of noncritical Ppansee2es3yonhi ch
can be changed or nodified to yield essentially the sane results. 25[0221]
The exanpl es from PCT Application No. PCT/ US2012/ 025437, filed Febr uary 6,
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Met hods: Serum concentrations of |FX and ATl were measured by HVBA as

70descpi bé"éﬂqnﬁlbO@ﬂ@vmp‘VPCT Application No. PCT/US2012/ 025437, filed February
16, 2012, and PCT Publication No, WO 2011/056590, the disclosures of which
are her ebyl. il@mm@m&t@ﬂghgﬁméi@ﬁmce intheir entirety for all purposes.

For the NAb assay, patient serum containing ATI was first acid di ssociated,
then two |{@438] edigorot durisigaegetion of B Naereadi88yantd XENFACA phaktékab32) were

added, f Ol %V\@ ohgﬁbgheiyt%sgéf dé@rtﬂlﬁe% Ivlih%()? 944?1 d@'le 241\%*5 %%54?913%916 ?I{QXS erum

25i nj ect ed on a sIze exclusion co exes ‘foni tored by
fluor escer@t%é*% udhe irarosa. wnderwdshpikedinue: AYE) o @ﬁacmhgeté freel FENA= pAdrexd 32 peak

in ea spectr.um ., pl ot or chronatogra tedfo controls
and pg’?\ eﬁP“@%iH‘ﬁiﬁ §>ag?ﬂ§ iphfé‘ﬁa‘&p lsere “’“%%6“ ‘ﬂeﬁﬁf %&e’&g%&gf@% 1rf‘aft“ EORpl etel y
bl ock ant iigend bikndiang, &ﬂ;@radﬁf;]kxﬂa@ﬂmaﬁ whB Q% NAR::1-20YaAERRS 2ihats anoegual

proportion of ATl in.the sanple is non-NAb, and 0% neans that all ATl is
non- by veutralization 8 pcrform

{0236} Figure S tllustrates an exeroplary ATHIFX fluid phase mobility shift assay of the
present invention. For example, samples containing various concentrations of ATI {(standards
25 orunknowns) equilibrated with fhuorescently labeled Infliximab (JFX-488) were injected on
size exclusion columns in 2% serum. Figure § shows that large TFXA4A8R/ATI complexes
cluted first, followed by smaller complexes and then unbound [FX-488 and the Alexad488
ioading control. Unknown concentrations were determined by interpolation from a standard

curve. Detection of IFX followed a similar methodology.

30 2. Neutrahizing and non-neutralizing anti-drug antibody assavs

{0231} Figures 6 and 7 illustrate assays of the present invention for determining whether

anti-drug antibodies such as ATI are neutralizing or non-neutralizing autoantibodies using
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30NAb. A reference range was established using serumfrom 75 heal t hy

vol unteers. ATl positive serumsanples (>3.13 UnlL) from 132 residual |BD
pati ent seoumossened for | FX and ATl |evel s were anal yea&dSbar/orss
Positive controls were created using pooled ATl positive patient serum

[ 0225] For data analysis, a peak detecti on algorithmis used to find all of
tSBFI ﬁgalkg ?Zn M‘tluahmg:tﬁis_loﬁmriloggcfp%‘y 3 &? théripi m,@, \gél%% éutoaﬁ&boa?fées(%%gsrwre%cxél %t hi ng
change i nidthedtid %Fd@mﬂ\/iat ls\{&seiﬁc,stolﬁéuﬁbgmalv a%kﬁﬁéﬁkf d. §nams¢>gmptah5ange Of

t he spectrum oefr siti alve nve sel trou .are
dof i nod_ aS S ERANGR T CRERTT e et MVELY e TIVENSThE APl Tpeai
within a \Aluﬁﬂ)@h\bratadﬂt&lct&tae&@eﬁﬁtﬁdr Ebc@iﬁ:aﬂkIVQEbié)indtlhe;pédheeSHN&MEMBEQZ peak

PR 0 R P TSt S e e SO AL e g MO L S SR v

limts of shirehpaakic i&h&ﬁiﬂpmvﬁ[ a&ﬁwué}éﬁf‘ rihgdboonge dffree: (INpiaRd. THX) and
negative control peaks are by |ntegrat%F§the peak area within the

limts deddeigert: ébéf;éﬂlﬁsﬁnﬁ&%ti%iqdr%@z%ﬁ ey WifHenys sFuHR A EC Al exa532
peak area f&l&@t{‘t&%ﬂoip@laﬁ%k %e@gmﬁﬂron eACH3AEP!ie. %%Mil%hﬁ%xéﬁ%e&%&%lea % =
[(a-b)/c]*100 wherein a = A-11C of the TNF- Al exa532 peak in an unknown
sanmpl e, b labelsd pAETHE ol (TRIFAex BBgod PRBk affenta-Nap 2 HBgdes Ve cﬁbhﬁﬁ rol

(e.g. ., F%g,ﬁgrg%g{ﬁ@&r;r}ly Al exa532 in normal human serun), and ¢ = A LIC of
the free TNF Alexa532 In normal human serum For the 15cal cul at| on, "c" is
set to 10 ‘ad . f 0 pl , Ith,cgu A yary
based on ggé/%c Ion CWO]h% %bﬁ%@t?%%ﬁhﬂdgl'pp{ g’%bﬁqégiubtsm‘\%ﬁb g&]us&(l}% nél’é the
maxi mum wandlowjmfed seths HPLYI myhilify @Qzﬁ@]mRe Sighitesi iliThatNAnbn-assayiziof atthe

i nvention has ted high reproduci /. ageur nd..pr.eci si on.
The' 1 nt r a0 PAPrDideSyy B P EREL AT B en Wbk Sh ey B e
70accur acyndfody heg asshynd S‘ae\MH&. ol NN Ye. g Thexprieditslcd T and BCEOR AG Y bt ai ned

v i B gl e LT L. L. Agtelanal  pets e than, gel - based

greater thawy-4320c09/ %w?@ﬁlu&ﬂra{& zﬁQ’[lixéﬁQhﬁg immqap@i le pATdm pasidohve patient
serumdllutellnearlyfro i.s of healthy controls shows
that sanpleshHat s drarnte 3\?5%% <6£( éﬂ‘do ﬁl»éﬁ*@éb}a&“% T\Fei 3 (G S RAD
25posi ti vevmrea ey (30414 posi &A N e NFat 128 Ry isah Ui 5aim1a8: (adhekdodR9, 43
Um1l_,) were screened for NAb, 5 26 out of 132 (19.7% of the ATI

posi tive ﬁéi‘“%m@se?Eﬂ‘f?%ah%P&JFv@FeONAB positive (nmean 22.47% range
3.29-51. 63% ATI Ievel s great er than 60 11-/nL corresponded to highly
neut r @i zidngliAle cofne stidies fanmbyitirigs afuiidibiog e sdanurussal e tidevsemlibodacs| | near
correl ation betvveen ATI tlter and NAb positivity. In particular, Figure 1
i |l ustrat é82¥hat' 1 B0r Herlaliwdstcalat faar a Fél mtitn nskisprdh & weermingy \\ﬁﬁ@ﬁ'l@@nt
(y-axis) ! e { W D S5

0 0001y, ErGie R R SR IR TRl G L LA DRSH s R e
predicti venqbﬂltj\lﬁibftpﬂsvfmf\quLS(LNAn‘tﬁﬁ)wn S&msmtmpmti%um Wﬂi&i&%mﬁgei@ia‘ii «}:ﬁ ty =
98, 1% d \ 0001 ery s Test

11 st rat 42X aR AT] et o BT bl e ERs r S REN AR R o
Wit h 25ROBcAUGaiyfs & aﬂ&lmuf[nlmq;eﬁ@ﬁtagst Vi dRANF o oSFPRjme Bensictiiany Iﬂtu)p,wi{:al se

NAb, 11 addief SN T8 aF g SRTABK By IR B G G AR E R A o RGP AL on on

the . ADA respensg tmdol@ehw‘gﬂu des @afilayed hetapetidue 9 Mhehvemdsiaan. 5Thi s

rrethod can be a ied.t haracteri zati on_of A ain n i ol ogi C
t her apy. merease fanigts level ogfr %\]gu over the urm course of ‘Q\amp?% tal %n i, f or gn%m 18 g

apart, indicating an increase in neutralizing autoantibody levels. Figure 10 illustrates a shift

30 from the presence of non-neutralizing autoantibodies to neutralizing autoantibodics over time
as exemplified in 3 samples taken 2 or 3 months apart and spiked with IFX. For the “Nov
Year 17 sample, non-nentralizing antibody binds to spiked-in IFX and shows a decrease in
the TNF-532 peak. For the “Jan Year 27 sample, a mixtare of neutralizing antibody

(NAb)non-neutralizing antibody (Ab) shows a small decrease in the TNF-532 peak relative
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Exanple 2. Patient Case Studies for Mnitoring the Formation of
Neutralizing Anti-- Drug Antibodies Over Tinme, 102281 This exanpl e

i 11 ustratwe 2atsdiossional enbodi nents of a novel honbgeneoRETASIER/043TP4
detecting or neasuring the presence or |level of neutralizing andl or
non neutralizing anti-drug 10 autoantibodies (ADA) in a patient sarrpl e
S e RN R T R e

addi tion, ‘Ytelm 3’ qemamn Ibe,hdéﬁdmlsrmhms ot arMnmmrEsmimga@éFXtmrdv@srigiri3zTB[)

neut ral 2 G AR R hATEral] TG B ar b Aher “ﬁféiﬁzﬁrﬁ%ﬁﬁéﬁshm

from non ey eithzi g 2 hon-nettiahs Afiﬂgxuﬂ&ttt» = @rofge antanlbﬁgia esxiwbble the

15pat i IS .[l,t apy. 1. Drug. d anti-drug i body assay. 102291

i oar 4 PEroSePadas itbacir b RN datrdr g AP e ke byt he
fluid phasexmmbi kl T}gu&hﬂifsho‘@$§@y &@ﬂ&@tbﬁ@@ﬁﬂ% ﬂ;h@urcﬁﬁig,e&%%ﬂ@ﬁ&?aé% ng of
Alexa488 | abel e g:& tg/rni in 100% s |[>1to a _sanpl e

to outconﬁeeénr%neew "*"Fﬁn“pﬂﬁ?t‘vﬁ%d%r hz@ﬂ%dh%ﬁﬁkérw%éﬁ\é@ Yl dit sanpl es
cont ai ni n90&?1@?43%5xi@§aeg%fﬁ@qm°ﬂ%e Ry, R8s SUB q@xﬁ}vi@@aﬂgﬂh@ﬁhg We@sogi @tion,
wherein e bration with acid dissociation and | abel ad dl%lon fol | owed by
neut r al i zater SN FpgvapedipgrtppdiottlgpFoawei higreonstriey serare sy Bnleenbrar y

ATI/ T%Qf | li‘ki\qiuméistﬁg H&P%dawof%%xﬂi Ls i@§§13f}’0n?];h tikte sQiL@Es%Q;\ aﬁ'u@vd?ﬂ;\drgf 3e saFOr

exanpl e, sanpl es contai ning vari ous concentratl ons of ATI" (standards 25or
unknowns) neﬁmiilzmempedibmﬁi‘t hvedld ugresoeth pot-abelkbdng ﬁflItmivm@m(nI FXi488) wer e

i njected si i Jyms in 2% serum Figure 5 shows that |arge
| FX- 488/ A%ﬁm i agégs&’qglnlt?gekdg% st, followed by smaller conpl exes and t hen

unbound 1E 8. .and th 488 | oadi.n co entrat ons
oo e e R R SR R S A R DS R SR St P
f ol | owed ahasgrmf,htaﬁmmemhdd@hﬂgyiar 302rc Netitwalhi: zzsdbtaMﬁm@ﬁhna,naﬁ Iga”lilfzjaa i-d
102311 Fiqures 6 and 7 illustrate ays qf . the res t..invention for
det er ini MG OTREEHEATBALTECH (6P AET BoDIlS SubAv 5Lt KPS Ard PREGETSITTY or
non- neut r abik&d RgraviantibedNes) isi-Ng sl 40 xbbUShen.ahbDmaiegnaphyst o

det ect the bi ndi ng of these autoanti bodies to fluorescent]y. | ab%I ed
ant i - TNFa '8 B TR Phe ‘priekenee’ BIUPEGorBSERIt IY/OrabSIed FNPFA 4 one

exenpl ary rerRo Mefates 3BuiARblysid fibia O YaisH&Re a8dy hig¥icttint Bogkethuit h a
fl uor ophore FI", wherein the fl uor ophore can be ‘detected on either or both

the visi blo&FanENFRIspess tvpEous capifply. dp pyrtiontyrdieipgak aeq e By - ¥ H g 488
f 1 uor oghor Bmp} 1 Fas sOMISLE] Aok AR if‘JLWFprip%rﬁ dﬁ@c{hl@l’ 295;1@&11‘1@@11@@&@‘9( oQneei t her
or boththe visible and IR spectra, and wherein F2" are different
f | uor ophorfes INFHeve: gdedlded.ant i - TNFa drug and t he I abel ed TNFa are incubated
Wi th human serumin a |liquid phase reaction to allow the formation of
conpl exes [§335k. Fidumyund ScibmphieXes frobet vpetent frec IstadiieI %ddsaﬂtdinifrgwﬁahdr ug
(5, . 28k Bl 00 A RIS R 8 G ST P 0
onto a si aebaxgkhil h&nvﬁcﬂtwmexamdn&mbmecmedxfmqﬂé IE?@,uEaI RI.:»GEOWQED{}&JM&W& shis f t
assay., Fi ure6|IIustrate n-neutralizing antidrug antibody (ADA)
Rosay 25t (HE bt REBIRET PGSty DR Ao RORAY BF | DUCRPHE Bt i g
antl body (4e;agpf AR ansk ﬂ@&kk&%ﬂ@@ngwga \x(cek ge..nodAl\B}i@ﬁ&ZMO@Hﬁﬂ 7edoTN Fa;
"TN-F-532") .to the 15| abel ed_anti - TNFa %ﬁ g Alexad88 I .abel ed f FX;
" | FX- 488" )eregé%ny% fioR agoRicy R ST 15 oy E1‘ BB h@\?@‘I‘“%ma%@i Yee Tyt
i 11 ustrat gsed tneUtduabk oz b Ekgnpﬁ@%ﬂéﬁ%@bén@i 58-ReeiPreis@Ntn dAMISRLHQRe I Dsihisch
bi ndi ng of anti-dr u% antl body ( ATl) to the | abeled anti-TNFa drug
(e.g., L1FXPAgEype Rt ﬁidﬁbﬁnﬁgt%Pdttvmewrfa%#fedoWemefhgpﬂwqueﬂs‘ﬁﬁy» results
in SUb@It antirglih ¥ s&h8e 28R ke (gurmtv 8La TN R 3% £ V8h Rer@icc ftenet - 532
control. 203. Tine cour se studies for monitoring neutralizing anc

non- neutr LES, . te data
froma UC%;;)&gtEHIp g%f %egééscgggé H% %A}Qﬂ%‘étt?%%ﬂ%gﬁ?ﬁéb Jg"‘%‘kh§% l‘g%&ﬁé—? (hi‘ Ikugﬁgfrilﬁ bodi es
such as Aﬂﬁi!fafein@emV&dIigmm@! mgnomasneut ral i zi ng aut oant i bodi es usi ng t he
irrlo Ibljlsltf’g.t 3{?5{1 %ﬁiz\a}g ]11 us ps%%%%%srt ong'l ?n% d‘t?‘i{(mtb 09[1ngxc?ggm(fﬁcgwuggm o taken
1, 2, or 3mrdam:h@ (&pﬁiﬁﬁunn@lti@iﬂr@&ﬁ%ﬂﬂdﬂ%l cﬁ“&pﬁe&hzagahgym r&ntx@utdétzemnme t he
percentage of free TNFa over tinme. In partl cul ar, the peak area of

TNF- 532/ | FX- 488 conpl exes was subtract &89 fromthe free | abeled TN-Fa area
of all sanples and then % of free TNFa was cal cul ated. Notably, Figure 9
denonstrates an increase in the level of free TNFa over the tine course of
5 sanples taken 1, 2, or 3 nonths apart, indicating an increase in

neutral | ZI ng autoant| body I eveI s. Fi gure 10 il ustrates a Shl ft 30fromthe

o e - v .

in



to the level of the initial conplex. As ATl becones al nost conpletely
neutralizing ("April Year 2" sanple), high 1FX | evel s cannot overcone ATI

bi ndi ng twoRPB¥/0ops1eventi ng any TN-Fa bi ndi ng. As such, PCEOISe012045794
denonstrates a UC patient ATl profile in which the . TI profile shifts from
a non- neutralizing ATI profiIe to a profiIe containing a nixture of

5neutra|rzrn eutr |zrn neutrﬁli ATI. rofile
utvan bO A lﬂ a3 '}a sam Sﬁiui USINe an P e‘iC SIion
over the course 0 s peak ana srs -9 det er mi ne

t he per cemh@gemgfapﬁy eeayTNEadmvm ﬂm mrrlph: (B’.amfp‘hﬁ&s iedtodwer @rﬁ,émnk@ﬁh dwirt h f FX.
in partic eak a exes was subtracted
fromt he P Ea PRSI as B Ean o kL BE bl o ERAT ser curt 7B Tt e
TNFa was dalrcdth@t ed. Notably, Figure Il denponstrates an increase in the

| evel of free 10 TN-Fa over the tine course of sanples taken fromthe UC
patient, ijndize atl DGncAMUoDELRRASSmb: B -MeUL fdldagi RAmakhoankibedyn] &yghisesand a
shift fromnon-neutralizing ATl to neutralizing ATI while the patient is on
| FX t her apyst sgroau] bofl ¢ug aad appi-drug s1ibadies it ara0dr 1018 CoTensE sper iy med

usi ng the ,gohidii 1c§tmnfn£‘m@§ $3%51 e 1NL R BSERIRA Mﬁﬂ!& Lo, nl;éﬂagﬂf%{ctat &M ar,

Fi gure 12 s%oms the use of rabbit anti-human IgGl Fe as

non- neut r &bt iz gliaen Itisbdyd plbpleome pohts PR e Mﬁasmﬁ@ma@eﬁww oATI
positive g ing
BTl body () s P B e A B
posi tiite srem‘rmers dstings i %i&:@e”samfmg@eaakermaﬁ winﬁquymrdﬁ\bi\uﬂragmle attBodies
St r At R PRRk ARl Sl LA DB AR ELEARE (ShYdK Loy dRkRR O, L he
per cent age of free various contro |cu he peak
area of themﬁhﬁﬁﬁaﬁkmmz%+Aﬂamﬁgcenpbmﬁhmme Su@tmamhedmﬂgbﬂnnheﬁiﬁee TNFa
area of all sa | es % rcentﬁé%%f ¢ é 2 Q— a. e ca{cu at ed.
102351 Fi gtfr%% B ‘Té“’rl“ §1E‘ "ét é’“a g ‘batiant® cade” &t h%i 5V or

det erm ni rp;g)dis‘,r HeRet helrfobrntibg Arwdeamt)pshadrcesms)uﬁhn&&nﬁﬂi&m af &c neudiataki zi ng or

non-n utr I zi ng_aul ntrbodr sing, the mobili ,sﬁ ft assays of the

Dy eserlt | MRET ORN SSroeR g e et e b Rk taRy o, s 25 from a
CD patient case stud to deternlne t he percenta e of free TNFa over a tinme
course of H38hnp B4b @%traéhdwcar degelppsias dapiarad itﬁrtﬂﬂr gt Wizg- it (pephiy

Mor eover, (FinQUg. LY ShRawepadiRRak, tﬁ@@i 1M§3|1§§c({ dy @maﬁn&ttt%@ﬁ(\i@ts@@-&ﬂ L%ﬂli*»t@@tse
study to determ ne the percentage free ﬁ a over a tinme course of 3
sanpl es tamewnuuwrngﬂémsexﬁéekoi WF&@N* | ) e risenauaRigele JU8EhoWS a peak
anal ysi s 51915@48 ‘@Qﬁlg&nﬂﬂ‘? besGR bQ?eB'oﬁQEtpgﬁ§&ta%E1th%% o a9k B 5&9&1 H8n
percentage of free Fa' 1 n a sanple at a part Pcular week uring or after
i nductZPon sorumwe ntcafiamse tof the hergipy. N/Exarplve ugng, Ret. ewtrivorcoofpeiest r al i zi ng
Ant i body 1 . ve

Li gand- Bl%5??9mﬁghmgqﬁ%8¥3%d%gﬁjéEgggwbggi#F ké ?g$é§9§§§%L%dY$ﬁ§na

enbodi mentsilofitiazicowelc hohggeneogss assay for detectrng or neasuring the
presence or |evel of neutralizing and/or non-neutralizing anti- drug

aut oant i badi escre¢AIDA) Tien a patient sanple (e.g., serum) using an H PLC size
excl usi on chronatography assay. In addition, this exanple denonstrates

met hods f gg23pf ediret i PhicANG/Ble HdEbQL LAY Ehﬁbsﬁﬁ'@%ﬁ -A8RCH i ¥or@fncNAD Wi th
al ternative biological drugs such as other anti TNF drugs. g0237 In sone
enbodiZtent?, Nab.pi|ceitait perdd sdphroapaiEaot o Ai?ﬁfﬁt:ﬁbgérﬁeeftwnt@ PR conpri ses
first Scr?ﬁﬂhPQxQQlﬂnQﬁHgA@ﬂgn%ﬂlhﬁgﬁﬁgoﬁﬁiHRQQh&%aQYA@i” p@g4(§§n§|trve
screening assay. This approach i’s r econmended by both the FDA and t he EMEA
and is a dsepal divervagehent 0880l erid kgl elicnfedlbr erioamgeramertwalRTpl e tine
poi nt s per%aﬁ)t kel %@Itpre; e&%{ SORL éﬁis%ﬁd n'E!deaFi’Px‘?%%ﬁ&t%; ettéﬁt%? ﬁﬁaa@ﬂ

pati ent sanp es a turt exam ne e presence of neutralizing
10ant|bodnb@ktHaviﬁayhﬁaMépEMQWKfgcdﬂ%“ﬁegﬂﬁ$&%zdf%n%ba%g&gméééGEHces

Neut r %lﬂl Zl'ﬁ‘ﬂgﬁ@‘m iln ;}I ERatk rn(,o%{am%lite() W/og'& h{? a%'d c! OJQH Q%Lﬂi@s grc ncut lip){i bl%l ndi ng
to or ‘near thée active Sit i'on of confortnatronal changes,

i nduci ng ahd a@igsioohf BP(PE&qyi SampheshamnﬁaﬂnumgaAmimnhymmksmabhmscreened

for |sotyp an C on ients',, clinical
responses P d% %?5§%?852m3%6546%%%““ﬁ§3£&ﬁﬁm%2@%88 %@ﬂéﬁgaﬁ‘ﬁﬁ%V|de

i nf ormat i dhe @m;tiistemcmm eliatdon HBletweer ADAsidevelapneshpitandr articbody
characteristics) and clinical responses. [02381 A NAb assay has been
devel oped as disclosed herein that utilizes an HPLC nobility shift assay.
In certain enbodiments, the multi-tier&H approach or test conprises or
consists of any one, two, or all three of the followng tiers: (1)
screening to qualitatively determne if a sanple is NAb positive (yes/no
based on cutpoint established fromanalysis of normal human 70serum; (2)
confirmng that the sanple is NAb positive using, e.g., inmmunoconpetition




and/ or i mmunodepl etion; and/or (3) predicting and/or determ ning the
cross-reactivity of NAb with alternative biological drugs. |I.Screening Tier
[ 02391 Afwenom/qetldent sanpl e has been confirnmed as posiPCINUS2010/04ADA, it
can be screened 25for NAb. In certain aspects, a subpopulatiort of ADA is
NAb. In certai n enbodi ments, patient serum containing ADA. (e.g., antibody
to | FX, aI known

CI t r| c aCI emnv ﬁfﬁ% V\gfdaledfané mfmhorf(;ﬁp> ﬂuore‘%%ﬂcgtéé’?éif%@(%\i?%?I a'; d \Ml teI; gr gM
pr epar ed mnm%’ WEdeb THH - aﬂﬁclw iFh@ﬁ%)’a,tTI@FMQQTEMp&dm n the dar k on a

pl ate sha t 0 exa488 (

PEX A exadob A ndc e s Re S Bt Fliel £ Qs PRSP IS iy are
added. Theifsaophesingtie raetl alkbagd (@y etéﬂehgadeh 12, 09 aafl pd@KRBS, e pH 7.3, and
i ncubation.for hour. RT in th Iate shaker. The_sanples are
i uted ¢ Q0 SHEH Y THGHE § PSP T b G Lkt br TR sanpl os
are then ipjgect 8daWAIRLEe UinAe &indR deXGlatifia0 Poi@lcliiegG0NPE B@SIn@k Speci es
of differing si zes are separated and nonitored by fluorescence, e.g., Free
TNFa- Al exdb332y berigEsoey.  Free 1FA- Alexa488 (| FX488" ), TNI T532/ 1FX488
conpl exes, TN. F5324FX488/ ATI conpl exes (non-neutralizing Ab), and ATI/HAUS
conpl exes [§NAb) Figafa Brdegonpantds Hgiceting of egubveratignpegapivetifseea the. g.

Figures 12,,,49) (aRd.pos Gon & Brs32 iR BYE CQUtifQb feal ong with
a cutoff esotbagillgﬂ d frdo}%r%l) ncg)rm(rirwxalél u?ra% s\erég‘ e g. é& ?%%eir enclei éaﬁge of 3.06%
NAb) , ifhe rganphérpan apfeodasicinatedicasnpoging itvdomratine gbt ugeerfopdecdiab and a
titer can b0 n 1,k g n not
neutrali zi ng"hg%%ﬁ%m ﬁ% P’% ﬁ|Q\2/j|ﬂ%2 18\?95‘ m%fgr%g&l 1%&“ 25 %ﬁp qg}éei%déi%m%m

conbi nat i @)ilmfd&e ‘H'JNFBBQ{‘WE(U ifroi&r@(idﬁﬂmuiteh)eiﬂrﬂoqi soap sthiyfdliqam@:atshewkﬁl(mtileafttrwon time

of appr oxi teI catin the formati o »of{,, igher nolecular
oei gnt conbragmieh el AL PR HBE SR " O b T o) Mgt Ry

di sappear s"roamel&, tuhﬁc Eiheﬁ ITNFeh32 apeakar parounthdRont moked)nadlndsty eonpl etel y
di sapgears as Hndl cati ng 1 Q formati on of an ATI/IFX/ TNF ternary

conpl €x )amAn?Luoﬁm‘ﬁ‘EU‘t PER9% AYTABYt hat  bi nds away fromthe acti ve si te of
ifFX follows a simlar pattern. The nmouse nonocl onal anti body

15ar ound #fithutiaye be@@b*ﬁﬁ‘é”%skf@é&iﬂroéHC“U‘E@J?&% 1ﬂtﬁjﬁgw<éivﬂawaéifﬁdﬁgfiﬁwat es

det ecti on (pfs DEYL nal Latngy @nrhwdm@l%m@?;gk i sm \ﬁn@ﬂy J}@rm%h& lymehif g assay. A
conpletely neutfalizing reven ea| of 1IFX to b|ndto TNF

(e.g., duduty %Méfeaf@aééh%mmewacm% sgintighe cmvgltqggms@emwﬁpwm@w of

chr omat ogr, I . rAati on of a
i gher ol sen s e G e P R SR i K ehange. i
real i t29, mosktwidapt dntge. dr petihe o ;atiﬁmmﬁﬁaftnpmc\aﬂbimmn of non-

neutrali zin tr 0L T ool e M in Figure
13 (ATI Pgsgé%ggﬁr??&&s% ngAglgéc m?‘?ﬁle ’Qﬁag K"?i gxluﬁgl(}:ll r Dgt( Sﬁggdl es agai nst
t he F(ab' S2rubr, aginBAtckdine | R4UE poly sl sntdmdicnpraovede NAD’ )@@sgmmmf control are

al so usef 21 Fl ure rat t he, dev Ioprrent of a NAb response
over ti rre'ilbrgiémﬁgé du‘r"‘jﬁ\gl‘lt%oés%du ngie(ﬁ% af[l‘l‘)‘fge%?eat ment. \Wile they are

ositive LATL, at aJ tinme ts, it is not until the Jan Year 2 (light
orey ar ol #éﬁuf%‘ﬁﬁ“%tb”ﬁ“élﬁe Syt + Rl TebRe YA AS PeRTor S The

ATl [ 1BX- 48& conrpbexesyahhdd. toiagsl kehblivivdich et entil 1t @M ons hbnBe(- 7 8
m nutes) that indicates a different sized conplex as compared to conpl exes

of TNF532/IFAgSHATICPLere orand 8. Froprsy 2 ’@é}hflfﬂr Ret *éaﬁt Totb fedtopal i zi ng

activity ifetahepy %@@&ﬁm% @Qﬂké Y Q%ﬁh&&& MaF SUSHS0@0: [T eheVRR ;mpr ot ei n
(i mmunoconpetition) may be performed as well. Patients such as this would

a
be i deal éimfedétdééew%ru@r@arﬁw caigpaied Wéﬁmﬁ'i%@zﬁé’ﬂmﬁgtﬁ‘e@rxéw 6t%2t he

data as a,paf ggraphc @Rﬁ&ﬂ%@m%ggﬁaﬁ/nﬁ Loibil B8 ﬁll}'ﬁ,@&alw &&H@%ﬁ! 7S v&Ju@ar Iy
denonstrating that over time the patient i's devel opi ng . Even low | evel s

of NABGd e\ﬁehrwwn&pi@b@emewoa@m@amw v eIt @F‘v@iipi’@mﬁbt\u@i@‘éﬁl‘ di sease
rel apse; ﬁ BAL; &S é’f%{éﬁtteg?mne&& L 1iR3 qﬁ%gﬁs di splaying this activity is

r ecormended or exanple atien ould be placed on one or nore

TS URREESE YR RIE0N ?aa"’*-sf‘ﬁg%?f%frwf‘?éa%ﬁ& e e B FE 5 TFerent.

anti - TNF (ﬂﬂﬁzgnmg, clearly demonstrating that over time the patient is developing NAb. Even low
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1. Confirmatory Tier [0244] In the confirmatory tier, drug (e.g.,

anti-TM 7a anti body) is spiked into the sanple at a variety of

concent r aWpans3/006819. , 1-50 t. g,/ nal.,) to detern ne thePa@uiSe@kiozi7ng
capability of the sanple. In parallel, non-specific IgGis spiked in at
simlar |levels. The sanples spiked with 10drug shoul d show a dose response
tﬁotﬂhg ﬂ;\t}l‘%eﬁo \ﬁfdeCE?o; meﬂubs&w’éﬁ%eaﬁ Elﬁleﬁ)otn}\ are %e(%m\e[\tly?al%fpeceligplsﬁl leg(?ut

t he ef f ectireafnetibvel] mraxtam io,r pﬁtfumeiwmﬁilgy}m hOR4D]s rEttgunfﬁidd_(D idk kustpiaties a

shift fromth f non-neutralizing a-utoantibodies . to neutralizing
aut oant i batdL BB TRe Gy CETE N Pet Y U AR R R B S ot he
apart 15aneisp IokeﬁlthMpﬁ e [£X4) Paitd teifhs Se kxistifyam Bachut knEopotoiediesponds to
spi ked-.i n i(ét sh speC|f| city of response. Over tine, the NAb becones
more néut r%iﬁ‘&‘ nt ual Iy can neutralize >20 ug/ml_, |FX (the April
Year 2 sa pl e does not decrease when |FX is spiked-in). A conplete
titrationibanbptiipgmten ey to deternmine the EC50 of the NAb at each tinme
poi nt. 20 M Cross Reactivity Tier 102461 The cross-reactivity tier is

parti cul an$3#dlséf Uk codrmpoediact drnglashephdiNfa gpabidnts spukibd ntedpombit 8 a drug
or therapy, o sone
enbodi mentng(fqb Oﬁédrné%é% mmlb?‘l‘gé ? Fg#—gmlré%? ée%%r%ig&%é%& %{%&Jpgkﬁﬁ% éotﬂ{e}rm ne
whi ch t herapgat Iimmﬂlaigsowpcbfmﬁg@ml Qbiknétn averkiai vas. paita ﬁmbké em@d wigh Crohn' s

ch seast . HRehAYL EaPRRL bk S Rk DRUTRAS! B AL LRAR SRR S hased or

the abili Foss-T “series of
di fferent \amtspctTN tg@ ﬂabﬂrtamumfﬁ&ct Mnﬁmﬁlﬁ[ﬂ"ﬂ@t’(ﬁdﬁtl&&@ bexafipted «wonk @F nore
of the folilo r?f A ¥ be tested in patients (e.g., Crohn's disease,

ul cer ati vé&"colf ‘t%l"i ‘ﬁﬂ?‘d "fretifatoid arthritis patients) that have NAb to
Rem cade E}I an i Xl mabz Enbrel (etanercept); Humra (adalinmmab); G tnzia
(certol i zUWdB! péigoro 10 1§Wdra§ﬁ@ﬁ%}éﬁm@éptﬁ*ﬁﬁiﬁt AR fwBt?)%&fltf)érwtﬁé%ititUﬁtjq Bositive
for NAD Wighh @, 9peGhidi®ofEid cf 8mbas edeFiliniediRg NABc@BRAY? GANMLNRN.RA
performed with a series of other drugs (e.g., fluorescently-|abel'ed drugs)
usi ng the 2petited voth Fie Tengy pan Kl ek fimg egist ichmadalsonked-ToP X8 T

predi ctive Lash, %E“mt;;%scpr@‘«s‘? Rhne! tﬂmtrttoltetbrt& ltb%et%ttahﬂn& he JenageTEnt of
pati ent treat meht by preventing e use of a g ( e.g, an anti-TNFa drug)

that will nb@ahesut Rhﬂtg/méde;ﬁhaAmt F’e&tt2'~snlatqtdptfdmt é%ieaW‘th@df Xbeimigdbound by
any parti r r . i e tralizing
ADA has | 1 ery " HUTE) Mk B PORERERAL oSl BEEREo BLAE P 4 2 e

Fi gure 20}3.0mtf t he NAb neutrali zes any of the other antl - TNF drugs, then
those other anti-TNF drugs would likely be a poor alternative to the drug

t hat i2s alilicadyssb@icngivadniind stered as the patient will likely have an

i mmune response. in sone enbodi nents, a. cutoff established from nornal
human ser ym4gan hecWsedadiRidatat ﬁfhﬂetﬂétfv Belibik pSARRhEWhERNaPafak ant 1S
positive or negative. The test can be run_in a rapid, cost-effective manner
in an in I0VPRde aslBia ATy ORd e TR B OW hGURendFEmi-t i ng case studies

i ncluded Patients 1 and 2, who were treated );vith Retnicade (inflixitnab),
but who sudkiEhudntdny: dné)sminw@ép@ﬁs@%miiﬁefﬁiwamfidcpatuﬁ@m tolrathdld dgteg@rand
Patient 2 he b , S r el A

domonst r at e RatropAEH RPN bR o RRP R RREE, RERIN Bl LBAY,

devel @ped caltsi «:Rbrrcacdé daimttlsbmd@ie@aiﬁ(cex 1y abiNTl of anld hexsmtgamuboéﬂeérﬁi f&etde

ant | bodi C2r el ttwhl i Sehigq dii?i gan i\i‘ Ire%!ﬂqgcga/tgl %Oiqlhtesttt ¥ 9mple one

102501 Fi gure 21 7 H1ustrates Path ent & End 2 Hevel dped gut P51 i zi ng
ant i bod| esr @Mh)f ﬁm‘ﬁbé&mx&déh;g,sﬁnpét st tdpa‘il'biﬁote.gf_,(motﬁrhedﬁem eadﬁuba ndi ng

site. |nportant] 1té %ﬁ@g CrOSS-TI c%"t‘hgﬁ ant

her apeut et et el Fileof) RRTH SRR iR G hE bt cs

changi ng tQaaaebheRudi jaddiNm e rapeutienikldaneiolhehpsiiese cpabbents. As
30 After testing positive for NAb with a specific drug (e.g., TFX), the NAb assay can then be

performed with a series of other drugs {e.g., thuorescently-labeled drugs) using the roethod of

the initial NAb test described above.



such, the predictive assays of the present invention provide advantages
over current nethods of managi ng patients who | ose response to Remi cade, in
whi ch poswoOI20B/MACA (det ectabl e anti body) is nanaged byCThRsaei0d57960

anot her anti-TNF agent (see, e.g.., Afif et al., Ain. J. Gastroenterol.
105(5):1133-9 (2010)). 25102511 To det erm ne t he cross-reactivi ty of Nab
produced i RaNse r.anti NAb
whi ch dev Gf}]’éiggg V\ﬂeﬂlgredxtc 1‘«6&‘3 u?ﬁe ‘jiesent m\ei"ljt%n 15 use &8 n'j(t%:__%ana emeiu e%? agai nst
Hum ra (ad:ahtmmm’q)mﬁhne, tﬂaba aﬁh«ivmg (8., Esngrure\mcidmls,emﬂ\y; 1dhemeurtsaﬂwmled t hat
NAb gener at ed ) eact W t h ustrat es
that the. PrEeTam TR stk P UERERROTE Y DR Hpise). BOrT A phl of - emch
patient stoudyn sits of BOnoompries Ay wRiiktiedetcipad hi ghies waplacuwhndte Meigght when

the patie Seru cont i s added m nut at i study 41;
P R Y R s AR W

results lnﬂke@hmth@iug,t h@uiw;ip|b6@§\0(§rQiitthB’h‘fa&0 kR BuCRads Wasd F@ﬂig to an
extent, the NA. b Prevents TNFa_from accessi ng the anti gen-binding site of
Humi ra. FiRgUre ol Hdps eatignithi! dikely Ravrati BaINP P st o HORRABMBHHIMABH 2NAD

det er m nat} @S Hi8824oh Ro&fi hahth @AROMRNL S toll@i@nﬁiﬁ@ Y ethossiah ot he
present invention predict that these patients will not respon to Hunira or
any ot her PAFfUE STIbH Hepapstite ¢S t%heﬂiﬁ‘atf pehte iNBUIcH-NEE BenapeEt 88 i t h
anti-TM therapye.and should be switched to alternative therapy options,

i ncl udi ng, but not limted to, Actenra, Kineret, Orencia, R tuxan, and/ or
g éﬁrn,r 2‘ B?észeéig %JZ‘!% i%wﬁ ghlnk{II&Ldév stadies Juf E}/%% Lm«. }ng{d]?‘r %"‘E}é%‘/r 90! Tgvsd?xiior

i nvention uame{epacetde ciuflairhap), atniv\ahm a@e@msmfsdmmqe@h@eta ihgmcz\ﬂ&ef’hmn athat i ent

wi | resp ant| N-Fa ther a € ng or neasuring.the presence
ondl or - oonRerts AR HAGEr BEHENy PR I D TR BT Pone N an
in a sanpldes Paomstingad passt esnpomcbfa)meueiﬁboﬂhbmtelopm &mihief.rﬁiaﬂiah&ﬁl@@nisai ns NAb

to oneg_anti- TNE dru thes | i kel y cross- reat and

neut riPl zi'ng t}"é)%ot]E ﬁ“‘ "‘\‘@‘Eﬁ‘&“ S R RN SERIYR P he DPEE @8&["? eat nent
adj ust mentie. . orAbhe patlent woul d be to switch to a drug wnth a different
mechani sm of action (e.g., a non-anti-TM agent). |In another enbodi nent, if
the sanpl ge2@nt &g NoNzREHL al Mk@@a%@é\zhew Deq aa;nlarJ M !snlm@m;ugmfmen the
recommended treatment adj ustment for the gatl ent woul 2f:)e to swtch

anot her ariﬁlP&/W‘F’a‘f‘éﬁcﬁfqﬂ?MSE&%ﬁ%F‘@ Hprmigds gipding oite. D@ﬁ”@@%’ﬁhgﬂlﬁﬁé‘q Gl esence and
Cross- Re?‘%} Mictys of et Sl 351 %At kU0 (ARL megﬁrﬁ +dARMn 040241 Thi s
exanple il strates addi t1 ona cfl ment s re ated to the assay net hods of
t he pri@sentNh thuepitgnclfaoping &r @erhengmt DNUdrapaitiveviii froahofatipleaaiigits. Nab
positive n et er g ) acti vty af. Wt h
P ternat i \%\g&b?%ﬁgeéig‘gg{‘gaga%é Al g»@l L6 n{U " Q}%z}%‘vquﬁ%ﬁ%ﬁé%\z%ehx 3, i%c) d{\'Ab
enbodi nmento$ patdunggssays wet tme@&s;demlf%@whddenm\huhpeﬂmeﬁ A Af((hmamhedl cting
whet her a subj.ect recei a. first .anti a drug wll, respo

al ternati \?gtuoéJr% THRELS ché?a Vely “ud offich - %:NF “thgg£ Mrfe‘?P 63’[ ai ned from
t he subj eﬂam&nel;&zher}ﬂﬁmi‘*t’m)v(éom)) negative for NAb. | f the sanple is
positive for NAb, the nmethods conprise determ ning whether the NAb wil |

Cross-reag§zam t rroazﬁ,eeﬁ@mm@ﬂm rehkid g gﬂﬂﬁaeé@i@(}é’é’ﬁﬁﬂé inghetdpatrithe 25
subj ect be swtched a_non-anti-TN-Fa drug when t NA. b cross-react with

t he secondh%n"fﬁmh‘ﬁaa?ﬂ g'F greesy Hébé%&vi@wi@p SYEP FPSFEYT VRABY ReHE4Pet hods
conprise rgﬁgmmd«%o%ﬁ@{taﬁﬁed ashireslabh eTRWMatCREEn ioridus ee eRghant i - TNFa
drug. [0255] Figure 23 shows t he generation and use of an exenpl ary NAb

st andard eiewetrea%d theeNMhveriehizeBanb eSO srical e Hymyar Fews 24 dreEnty at i ons
of rabbit 4(R). f@*@tﬂumnld@(ai?ﬁtﬁlvpgg)'ﬂ c(rfo?-lili)mtﬁgt%@ BYR | bafl of Al @ﬁ'ﬂ@iﬁ?@ﬁidw i
unknowns) equilibrated wt l'uorescent|y [abel ed” TM 5327 |’ FX- 488 wer

i nj ect3&d @nﬂtnek@i\z*éﬁeaéé«b ubigher nedtayimn ycight Rhenghy mntlﬁawge:qnmmmwébﬁml exes
eluted fir, f e , I} 88 and
TNF- 532. rgo%gng\({)}%geg ti?g%@ (L%;nsf cg%rﬁggﬁﬁéﬁﬁgﬁl&ﬁ%g S/ |n181 el{r&p"gligﬁcgn from
the st and@antn@urﬁd/\e Tmabbﬁrsnitsiemum gehthaPribrignditd Hemenins niclkt weesizofio NAb and
non- NAb can (;Qﬂ&te g r.ol 1 06 1‘ R S 2[ 045794
The NAb asﬂété}% %Iescr m n%]q\\%kﬁh%wﬁ&hmg%raové%P bj%‘[i“ bl @g ‘torrpar ed to
an old cutzfzfd'émotﬁ th]ﬂ.xcﬁ&%t(cl}sﬂy—foBBOihNWmﬁ&a}m ’és@eierfﬁa}laiue:WZ provi des a sunmary
of NAb clinical studies by patient, Ta%{l@e 2, NAb Cinical Summary By

Pat i ent '



10[ 0256] The cross-reactivity assay nethods of the present invention are
particularly useful for predicting whether switching to another biol ogical
t r eat mentwai2bi3/doesibeneficial . After finding that a pati @0T/USSIBRMSTPOSI ti ve
to one drug, fluorescently-labeled alternative drugs can be used in the

assay. |f patient serumstill shows neutralizing capability, the new drug
Wil be ugé}" 2 yngeortaisnue%ﬁ:'egigi%en (§ t%e a\say met(}jlod %i?h a;g“c,\%/%%?ttm\% <l3'lns pign 1ctat}ilz§e they can
be used t Creen a pah ru a cos manner to

enable a sm@@gﬁtn@Mqbnmwa@mmﬁ@ﬁﬁmnaﬁxmhemhesmnﬂﬁﬁh&mnﬁﬁmoprﬂm@mhu@0257]
Figures 24 and : rovi d nal dies tc nt studies
descri bed P “ﬁﬁ?gag‘ﬁﬁ%ag i % Fﬁydﬁggfﬁkﬂ}gﬁfnmﬁﬁo (¥¥?éﬁﬁﬁ?myPatients
3 and 4, \Mﬁﬁsﬂ&eﬂﬁﬁwﬁiﬁ@&h%t\l‘mﬁibd Renkeade Kihand amnﬁab%im{é@ andbit Ansbrga for
subseq ent | resp FX, were i ent fied as 20 _heing patients who
ot Th e rbanion wbEERACR S ok A arr b oAb e 4T85 Nab i o

devel oped when the patient was on |FX were deternlned to be cross-reactive
with ADL. B32bgjrcrigiiel. Be rshedsoiibhoricni @ nigoerampliesiagys edyappaines & udi es
whi ch derrlg@%;%@%%ﬁ% aagfd&hﬁ'\&tﬁyrIgrﬁ;rﬂﬁ@%ﬂ@@\@@%ch@? hHQUEIQRIE BE mPfuring

Cross-reactive the foregoi ng i nventfon has been
descrlbedfmﬁﬁ§@W%»ﬁé@a@ﬂm@ywﬁﬂykvﬂOinﬁm@ﬁﬂﬁiﬂ odipid Nedba apd e osrNpuitgoses  of

clarity of aiﬂgg@iroﬁit Sgﬁo%lgi 1P0& Qﬁboﬁhﬁénlt if He EJE& Ny Tt J\M%ll\L /X@‘Q;Q)rngﬁﬁi@t?elfghat

certain chan Ifications may be practice e scope of the
appendéd G&@aﬁ@%fmﬁbadﬁhmawmn“ea@hMﬂ@ﬁenemﬁanwﬁ@vﬁdewuﬁﬁf%x&uwsﬂmh

i ncor por atﬁ%gtp)ﬁ 8%1& (}S&ﬁf alml?cnlt Eéu@i%é I;"%t % yéa%f‘ tr{\ uﬁ?ﬁreco g{;\{{ﬁ{ﬁgx 3 JTys \&It D 'S

reference was in ncor ora erence.
[1.A net h(&dﬁlﬂ@miﬂ%}&mtmﬂg atﬁhmz { gvelnomaamp%é entntpfl namﬂhmkmhbahmeﬂgxiﬁlmr m of

2an autoant an anti v t he et ho onpri si ng:
(o cont actige et SRR BN AT abt M B R e e SR e Sl e TR
to 4f0rﬁ1tﬁ@hkﬁhﬁkﬂsﬁmkﬂbﬂk@ﬂm@ﬁﬁmhﬁkg@iMhhﬁt&aﬂﬂkﬁéﬁaBNﬁﬁﬁﬂEO drug and

t he autoanti body; and/or a second | abel ed conpl ex of the | abel ed a' NFa

drug, ishe gdiahghed SEbFdor BRGGNEHAW-0RAL NAAYresRBISUR) eetibingulzhe first

| abel ed conpl ex and/or the second | abel ed conplex to size 10excl usi on
chr omat ograhy ot sdpdicat®APhem from free | abel ed TN-Fa, free |11 abel ed

ant i - TNFa gisug I‘ﬁﬂ%ﬁﬁp @11&1@3@1?&5@‘1@@&%11(1 absb&dealtdiadNG @h\,disu& Rahd apgled
TN 7a; 138c)neasur|ng | evel of free labeled TNl Ta aftér size exclusion
chr omat og &P mxlmgwdor \crcanmg, to determine if a sample s NAb positive and predicting

and/or determining the cross-reactivity of NAb with alternative biological drugs (see¢, e.g.,

20 Example 3). In particular embodiments, the assay methods described herein are useful for
predicting whether a subject receiving a first anti-TNFa drug will respond to alternative anti-
ThNFo therapy by determining whether a sample obtained frora the subject is either positive
or negative for NAb. If the sample is positive for NAbD, the methods comprise determining
whether the NAb will cross-react with a second anti-TNFa drug and recommending that the

25 subject be switched to a non-anti-TNFo drug when the NAD cross-react with the second anti-
TNFa drug. [ the sample is negative for NAb, the methods comprise recommending that the

sabject be switched 0 a second anti-TNFg drug.

[3255] Figure 23 shows the generation and use of an exemplary NAbD standard curve of the
mvention. Samples containing various concentrations of rabbit {Rb) anti-IFX antibody (AT
30 gerum (ie, standards or unknowns) equilibrated with fluorescently labeled TNF-532/1FX-
488 were injected onto size exclusion columns in 2% serum. Large immune complexes
eluted first, followed by smaller complexes and then unbound IFX-488 and TNF-532.
Unknown concentrations can be determined by interpolation froro the standard curve. Rabbit

serum containing different mixtures of NAb and non-NAD can be combined to make controls,
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15(d) conparing the | evel of free | abeled TNl 7a neasured in step (c) to a
normal i zed 16l evel or percent of free labeled TNRI in a control sanple,
wher ei n tWwe 2003706818l | zed | evel or percent of the free | ROFIUSAIZMHFA4 i n t he
control sanple 8corresponds to the |level or percent of a neutralizing form
of the autoantibodv. The nethod of clain11 wher ein the anti-TN Fa drug is
selected f 0 the aro ons stln NBRELTmM
(et aner ce[}: W, \%i %n%gddlc fei b 1&% WECE%{‘%?E[_ ?%ﬂ cluﬁnel)are to a fiijE

SI MPONI (r )oﬂ(agdll BRuEb: ‘;fﬁl\ﬁfﬂaﬂs}.&)ﬁes)aﬁdblé@thgﬁlzata.lsmﬂnmatyhél’\e@f d&m‘iheudmt hod of
claiml or mhereln the autoantibody to the anti-TNRI drug is selected
fromthe 5F8§b onsi sting of a human an 1-chineric anti body (HACA), 3 hunman
anti - humani zed anti body %HAHA) a human _anti - nouse anti body (HAMA), and
4conbi nat i ons thereof 4. TaHiel-n¥eREdnER! SEpogRe- B Tohgitns 1 to 3, wherein

st epconpri ter size
excl usi’on ,
wherein th ree

| abeled T one of

clainms 1t NFa 1 n
the controf sa -7 - S “parea of
athirdla i I%@gﬁﬁ?? A and t he
| abel ed 4T Pree | Abel’d ~a. The
met hod of

normal i zed sanpl e
and 3the I E

-the level or percent of a 4non-neutralizing formof the autoanti

10 [8286] The cross-reactivity assay methods of the present invention are particularly aseful
for predicting whether switching to another biological treatmoent will be beneficial. After
finding that a patient is NAb positive to one drug, tluorescentiy-labeled alternative drugs can
be used in the assay. I patient serum still shows nevtralizing capability, the new drug will be
pnlikely to succeed. Such methods are advantageous because they can be used to sereen a

15 panel of drugs in a cost-effective and timely manner to enable a suggestion or indication of

the best treatment options.

[92587] Figures 24 and 25 provide additional case studies to the patient studies described in
Exarople 3 and set forth in Figare 21, In particalar, Patients 3 and 4, who were treated with
Remicade (infliximab, IFX), but who subsequently lost response to IFX, were wdentified as
26 being patients who will likely not respond to Humira {(adalimumab, ADL) because NAb
which developed when the patient was on IFX were determined to be cross-reactive with

ADIL.

{0258} Figure 26 shows non-limiting examaples of patient studics which demonstrate ATI

affinity maturation and the development of cross-reactive ATL

25 |8258] Although the foregoing invention has been described in some detai] by way of
Hlustration and example for purposes of clarity of understanding, one of skill in the art will
appreciate that certain changes and modifications may be practiced within the scope of the
appended claims. In addition, each reference provided herein is incorporated by reference in

its entirety to the same extent as if each reference was individually incorporated by reference.
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8. The method of any one of clains 1 to 6, wherein the sanple is positive
2for the neutralizing formof the autoanti body when the sanple has greater
t han or ego0abirwestbout 3. 00% of the neutralizing form ofPCTRS2@A0e%IA4 | body.
9. The nethod of any one of clains 1 to 8, wherein the sanple is serum 10.
The met hod of any one of clains | to 9, wherein the sanple is 2obtai ned
froma sulgct & Lvihg. ot herapy with the anti-TNFa drug. 11. The net hod of
any one o?iﬁfq‘éilégﬁ?\%%ﬁ%{&vvherei n the | abeled anti- 2TN-Fa drug and the

| abel ed TN-Fa conprise different fluorophores or fluorescent dyes. 12. A
met hod if or det ecti niy t het préséfieencofuriag Heutwehbi piregt drdkaralinmgform of
2neutralizing formof an a-it- J:-hod: n. i TNFa. drug in a sanple,
the me hoé}ig%fg%%{rl'lmél 1}{53@2{?3@%‘%% 'E 8??%%“‘%@’3%%%?%“&% Smg' | abel ed anti - TNFa
drug afAd a | abélied TiNkEng tbe Stolnwitibaldbicdant-8BEL ediceodplbxicdTNEFher | abel ed
anti-TNFa drug and pn?_ aut oanti body; and/or (ii)a second | abel ed conpl ex of
the labeled a i-TN-Fa drug, the | abeled 9TNFa, and the autoanti body;

10( b) sdbj ecti ng t helifi r stfishiddielddooprphbéke andkonntt-NErs daagndd tiabel ed conpl ex
to size llexclusion chromatography to separate themfromfree |abeled
TN-Fa, "free 12l abel ed ar?ﬁoi‘"ﬁ‘%"%z %Ti’ﬁb, and/ or a conpl ex of |abeled
anti-TK-Fa drug and;il3| abeded bBNE( tompitL 6) HERSHES NGi-TRE @Y ahe BRIk e€

| abel ed TIN-Fa after size exclusion chropatography; 15and 16(d)conparing
the I eVel of the free | dp8i%idr .MOWQ%‘Uﬁed in step (c) to the |evel

9 {b) subjecting the first labeled complex and/or the second labeled complex to size
10 exchusion chromatography to separate them from free labeled TNFa, free
i1 labeled anti-TNFe drug, and/or a complex of labeled anti-TNFa drug and
12 labeled TNFa;
13 () measuring the level of free labeled TNFu afier size exclusion chromatography;
14 and
15 (d) comparing the level of free labeled TNFo measured in step (£) to a normalized
i6 tevel or percent of free labeled TNFa in a control sarople, wherein the
17 normalized level or percent of the free labeled TNFo in the control saraple
I8 corresponds to the fovel or percent of a neutralizing form of the autoantibody.
I 2. The method of claim 1, wherein the anti-TNFo drag is selected from
2 the group consisting of REMICADE™ (infliximab), ENBREL™ (etancrcept), HUMIRA™
3 (adalimumab), CIMZIAY (certolizumab pegol), SIMPONI® (golimumab; CNTO 148), and

4 combinations thereof

I 3. The method of claim 1 or 2, wherein the autoantibody to the anti-TNFu

-

drug is selected from the group consisting of a human anti-chimeric antibody (HACA), a

3 bumap anti-hurnanized antibody (HAHA), a homan anti-mouse antibody (HAMA), and
4 combinations thereof
1 4, The method of any one of claims 1 1o 3, wherein step (¢} comprises

2 measuring the peak arca of the free labeled TNFg after size exclusion chromatography.

I 5. The method of any one of claims 1 to 4, wherein the control sample is

2 areference sample containing only free tabeled TNFua.
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of free |labeled TNFa in a control sanple, thereby detecting the presence of
a 18neutralizing and/or non-neutralizing formof the autoantibody, 13.The
met hod ofwol2ai3008809 wherein the anti-TN Fa drug is sel eeC&Ske10mms794 he
group consisting of REMLCADE-rm (inflixinmab)" EN- BRELIm (etanercept),

.H. 1] M RATm (adal i rumab), CI MZle (certolizumab pegol), SIMPONI (r)

(golimum ab; CNTO 148), and 4conbi nations thereof. 114. The nethod of claim
12 or 13, wherein the aut0antd AOAYf Gl Al ¢ s RADERAALUG | 5,56] gct ed
from the group cons(?sti ng o% a humgn ar?t ?i-‘ic_‘i meri G tIali(;‘li_tlﬁ‘%ogy f %A?), 3a
human ant ithchieaveaiickdd Nimtin Bodpnf HAMA) e issnohusiand antibtinougéhamedsiod yeakHAVA)
and 49 9 o 'apegtok’ g%%rdtlﬂs%qe%%[}mpt’lz‘;? ‘ﬁ‘;ml%d B&E‘«@ Qrdi‘m? T@bginsy ‘ugﬂ?\ﬂf d&% ah L?ﬁ)c, :{?% L9 14,
wherein step (c) conprises” Zneasuri ng the peak area of "thHe tree fabel ed
TNFa afit el MHicZderethe husiwnl ehl enat0ge &phibel&l TREw. et hod of any one of clains
12 to 15, wherein the control sanple 2is a reference sanple containing only
free | abel ed TNFa. Jhe ngthod aof cany,one . of claing. 12 to L6 wherein a
neutralizing form 20f the“%’t"é)gr?t' %@&é&%?é det 'et?t({erg "‘Q\g/r\ﬁgn “t%’e’erlc}\é@\%el of the
free | @belbedh<TiNGa nneadimedidvdl nr gtrept ¢icke Biclabdial Yémende substsampicahdy t he
sane as the |leyel.of the free |abeled TNFa in the control 4sar >, 18. The
et od Jof Ty e grde TR OR BN e P o M ARG RS Sor m of

t he auttoanti-hodmpiivisg detnedtieduwhedbotine | evel of the free | abel ed TN Fa
measured in 3step (c) is decreased or absent conpared to the level of the
free | abeled TNFa in the,con | -4sanmpl e.. 119, ny,one, . of

cl ai ms%lz to 18, mh%rei ﬁhf%{e&tmg%r‘r% 'ﬁZ" %O %Eéi%%}% tl%gggg}%lg?%ﬁtghlg% }orfm‘gﬁff one of
cl ai ns 212 ferohd Scvnhigriey forit heths ampémeibbdy when the sample has greater than or equal to

3 about 3.00% of the neuntralizing form of the autoantibody.

I 9. The method of any one of claims 1 to 8, wherein the sample is seram.

I 10. The method of any one of claims 1 to 9, wherein the sample 1s

2 obtained from a subject receiving therapy with the anti-TNFa drug.

i i1, The method of any one of claims 1 to 10, wherein the labeled anti-

b

TNFa drug and the labeled TNFa comprise different fluorophores or fluorescent dyes.

I 12, A method for detecting the presence of a neutralizing and/or non-

2 neutralizing form of an autoantibody to an anti-TNFa drug in a sample, the method

3 comprising:

4 (a) contacting the sample with a labeled anti-TNFuo drug and a labeled TNFa to

5 form:

6 {1} a first Jabeled complex of the labeled anti-TNFo drog and the

7 autoantibody; and/or

h (1)  asecond labeled complex of the labeled anti-TINFa drug, the labeled

9 TNFw, and the autoantibody;
10 {b) subjecting the first labeled complex and/or the second labeled complex to size
11 exchusion chromatography to separate ther from free labeled TNFa, free
12 tabeled anti-TINFa drug, and/or a complex of labeled anti-TINFog drug and
13 labeled TNFo,
14 {c) measuring the level of tree labeled TNFo after size exclusion chromatography;
15 and

63



obtained froma subject receiving therapy with the anti-TNFa drug. 21.The
nmet hod of any one of clains 12 to 20, wherein the |abeled anti- '?TN- Fa
drug and wheolisalwesied TNFa conprise different fl uorophor @Tars20120¢576¢cent
dyes. 122. A nethod for determ ning whether a neutralizing formof an

2aut oanti body- to a first anti-TN Fe. drug is cross-reactive with a second
anti - TNFa drug., the 3me ! 4 ctin sur

preseEEe Ievep oﬁxmg%“%h ? ﬁiiﬁgh 1?%%§gﬁgﬁ?%¥m?d€fﬁgﬁc ggg%‘%ody in
a sanpl’e accordi ng Mdhalﬂmmhémraﬁnauym@hemqm:dkammﬁx&atmtEAEuﬁmxdéhernlne
mhethﬁr the sample | T@pSltl g or ne atlve for %pe t%ﬁé $I|Z|ng formof the
aut oanti body: and SiFTPHESRHOT BT REUSEEIRE VET PP ARE EEY al i i ng for m of

t he aut oanti bodv, then 9(b) contacting the sarrpl e wth a | abel ed second

anti - ThiFa drug to f ?gﬁ!ﬁ% 19?1? W%%S Qr;ffbt* ﬁ@?&g%@ﬁ%&%ﬂ?ﬁ%&t' TN Ta

drug and the neutra T zi ng rmo I e autoant i ody; sub
| abel ed conplrexp doasisinge ! &ESA TGS @hﬁﬁz@mﬂmgﬂi\éﬁw 't mepata e BtATe I abel ed

et hor a HEUPPSDS| G {or rTAIGrmaH St oanE e Daaje T8 A R ¢ STOAT Hhia dr ug

I S Cross- eablihvesWctdafa. 16second anti-TNFa drug. 23. The met hod of claim
22, wherein the first and second anti-TNFa drugs are indepedently selected

(et anercent ) . UM RATm S0d1 RGN CLUZPACERP LBl T NGD pegbr ) s

SI MPONR1' TNg@l driidinBsctddNFGh IdB)oupanthisoabi 51ﬂlﬁmeﬁﬂﬁmtdﬂﬁii@@fan%d}'hHAmﬁ hod of

claiméz or 23, wherein the autoantib dg o the fi 2anti-TNFa drug is
sel ect éd PrYRFE RE-GPBUTE SHE0SY [thyTor e AR NN £#body
combinations thercof,
1 15. The method of any one of claims 12 10 14, wherein step (¢) coraprises
2 measuring the peak area of the free labeled TNFu after size exclusion chromatography.

1 6. The method of any onc of claims 12 to 15, wherein the controf sample

2 s arveference sample containing only free labeled TNFa.

I 17 The method of any one of claims 12 to 16, wherein a neutralizing form
2 of the autoantibody 1s detected when the level of the free labeled TNFo measured in step (¢)
3 igthe same or substantially the same as the level of the free lsbeled TNFg in the control

4  sample.

I I8 The method of any one of claims 12 to0 16, wherein a non-neutralizing
2 form of the autoantibody is detected when the level of the free labeled TWF o measured in

3 step{c)is decreased or absent compared to the level of the free labeled TNFa in the control
4  sample.

I 19. The method of any one of claims 12 to 18, wherein the sample is

2 serum.

I 24, The method of any one of claims 12 to 19, wherein the sample 1s

2 obtained from a subjoct receiving therapy with the anti-TNFe drug.

I 21 The method of any one of claims 12 to 20, wherein the labeled anti-

2

TNFa drug and the labeled TNFa comprise different fluorophores or fluorescent dyes.
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1(FI ACA), a human anti-humani zed anti body (HAHA), a human anti - nouse

anti body 4(HAMA), and conbi nations -thereof. 25. The nethod of any one of

cl ai rs 22WoaoBMoosther ei n t he presence of the 2l abel ed c@epIUS012843T04

i ndication that the neutralizing autoanti body against the first anti-TNFa
3drug is cross-reactive with the second anti-TNFa drug. 26. The net hod of
any one of clains 22 to 24, wherein the absence of the 7| abel ed conplex is
an indication that $he neptral kzling.AULOANEIROMY. 300 B, f i rst
antl-TNFa 3drug i s not crosg’reacggae mg the secon ?%-fNFa drug. z

/. The @et ho@ami“’wém@ aomet wﬁmctrm;izGIOsmwtteienWthWeﬂes@mh@T\gazige; tm 28. The
met hod ,of clains 22 to 27, wherein the sanple is 2obtained from
a subjectn?2%§?3§88ﬂ¥%erapy with the anti-TNFa drug. 29, The nmethod of any
one of 4cl ai ns 22 takzgﬁn@m@n@mmnghe.@a@abedmsemqndcmnﬁmﬂENEm7dpm@moﬁnpr|ses
a fluor.ophore or fl ( hod for, nonitorin pLim zing
therapy to an antijg ‘%&“gpﬁh1Xd\mns d?@%&%ﬁ?ﬁdn%@é%%ag%m%¥gt%E?Epy Wi th

t he an®i - TNFa drug,Enm@eﬂﬂmh@dhﬁbﬂnmn&mm@1»aﬁakﬂeﬁegpuﬂgmomemaa&MEmgg t he
presence, | evel , g fgnt of geuRLalizing form of 4an autoanti body to

t he ant'i - TNFa drug % F A TEY85méthod of any one of 5clains 1 to 21 at a
pl urﬁl ity of tlﬂ’ﬁ&l q@@spl&t@p&%afn féfiBe m]ymszﬁn@nhbmlaaymmﬁ;ﬁgsdsdeie@?ti Rg a change
in the presence, |eve percent . o e neutralizing formof the

aut oanfi body ol8r t§HECHHE® BB uRitep %f?*ﬁiﬁ%e“aﬂé%lﬁs HE HOSE" 1AERE cour se

of thegapy for the subjiQcl gera@naethan aai-dhkl arenhd aeuksearigtiher &y shoul d

be adm ni stered to the subj ect
B the autoantibody;

12 {c} subjecting the labeled coraplex to size exclusion chromatography o separate
13 the labeled complex; and
14 () detecting the labeled complex, therehy determining whether a neutralizing
15 form of an sutoantibody to a first anti-TNFu drug is cross-reactive with a
16 second anti-TNFa drug,
1 23. The method of claim 22, wherein the first and second anti-TNFa drugs
2

are indepedently selected from the group consisting of REMICADE™ (infliximab),

[S)

ENBREL™ {gtancrcept), HUMIRA™ (adalimumab), CIMZIA® (certolizuraab pegol),
4 SIMPONI" (golimumab; CNTO 148), and combinations thereof,

1 24. The method of claim 22 or 23, wherein the autoantibody 1o the first
2 anti-TNFg drug is selected from the group consisting of a human anti-chimeric antibody

3 {HACA), a human anti-humanized antibody (HAHA), a human anti-mouse antibody
4 {(HAMA), and combiunations thereof.
I 25, The method of any one of claims 22 to 24, wherein the presence of the

2 labeled complex is an indication that the neutralizing autoantibody against the tirst anti-TNFq

s

drug is cross-reactive with the second anti-TNFa drng.

I 26. The method of any one of claims 22 t0 24, wherein the absence of the

-

iabeled complex is an indication that the neutralizing autoantibody against the first anti-TNFo

3 drug is not cross-reactive with the second anti-TNFo drug.



10based upon the change in the presence, level, or percent of the
neutralizing iiformof the autoantibody over tine, 31. The nethod of claim
30, \Wher e 20130068101 - TNFa drug is selected fromthe groRpTASRERHEI7AY Of
REM CADETm (i nflixi mab), ENBRELTM (etanercept), HUM RATm 3 (adal i murmab),
CiMZI A(r) (certolizumab pegol), SIMPONe (golinmumab; CNTO 148), and

4conbi nati ons thereof 132. The net hod of clain130 or 31, wherein the

aut oanti body to they-antiyp,. L .consi sting
of a hunan antl-chlnerlcn%%%ﬁﬁﬂdggﬁ&% , 3a ﬁggéﬁ%gﬁ%?ghgﬁgﬁ?%ed ant i body
(HAFI AE, acthmwran anti - nouse anti body (HAN%) and 4conbi nati ons t hereof

33. The net hod of any one of clains 30 to 32, wherein the subsequent 7dose
of the,course of tharapyry.$udfare Q}%e(quo@l@ﬁﬂ&aﬁﬁglqhe@x‘;ﬁ%%ﬂ?&glsbased upon
t he change in 3the presence, Ieve percent of the neutralizing form of
t he au@oa@bﬁb@ﬂ@ﬂ@M@WD&ﬁF#EPMFTB@uﬁh@Hmﬁ%ﬁ@@ﬁbﬁﬂdﬁ¥,one of clains 30 to 32,
wherein the different course 2of therapy conprises a different anti-TNRI
drug, the current caurserQf,LRAARY @l.QRGLWLIT @R: 3 IS UPRL8S8LVE agent,
or smntchlng to a course of therapy that is not an anti-TNFa drug. 35.The
met hod 2of zef-dNPa3aue sawriedsy fueopdet Peffentscedrse of therapy is
2adm ni stered when the | evel or percent of the neutralizing formof the
aut oantji body i ncreages 30Mghod tfd?%m%@m@ J?%Eshﬁ%ﬁo%or%itb%éﬂuﬂg\l?h@ﬁ@py
and/or reducing toxicity in a subject 7receiving a course of therapy with a
first ant il TNPECHICRJYINE héowq{é?@fww?h th¢ mj%%f%@eﬂé% pEphgoNeter a

neutraki zing form 0&,&%nngwlg&%ﬁ&qg%ég&aééﬁ%VBﬂy&z; erd@f dea oA INRRind el 48

cross-reactive with a second antr- rug etecting or
4 an autoantibody to the anti-TNFo drug according to a method of any one of
5 claims 1 to 21 at a plurality of time points over the course of therapy;
& (b} detecting a change in the presence, level, or percent of the neutralizing form of

-
7

the autoantibody over time; and

8 {c) determining a subsequent dose of the course of therapy for the subject or
9 whether a different course of therapy should be administered to the subject
10 based upon the change in the presence, level, or percent of the neutralizing
it form of the auteantibody over time.
i 31, The method of claim 30, wherein the anti-TNFg drug is selected from
2 the group consisting of REMICADE™ (inflixirnab), ENBREL™ (ctancreept), HUMIRA™
3 (adalimumab), CIMZIA® (cortolizumab pegol), SIMPONI® (golimumab; CNTO 148), and
4 combinations thereof
1 32 The method of claim 30 or 31, whercin the autoantibody to the anti-

2 TNFa drug is selected from the group consisting of a human anti-chimeric antibody (HACA),
3 ahoman anti-humanized antibody (HAHA), a lpan anti-mouse antibody (HAMA), and

4 combinations thereof

I 33, The method of any one of claims 30 to0 32, wherein the subsequent

]

dose of the course of therapy is increased, decreased, or maintained based upon the change in

3 the presence, level, or percent of the neutralizing form of the auteantibody over time.

~3
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measuring the presence, |evel, or percent of a neutralizing formof the
autoantibody in a sanple fromthe subject according to a nethod of any one
of 7cl ai "®020t30@8p and 8(b)determ ning that a differentCtasese/ oaf794 her apy
shoul d be admi nistered to the 9subject if the neutralizing formof the

aut oanti body is cross-reactive with the 10second anti-TNFa drug. 37.The

nmet hod of claim 36, wherein the first and second anti-TN Fa drugs 2are

i ndepedentiy sel ect f 1y 2 C.ORAS D course

(infli gu mab) , 3ENBR%(ETM ot %ﬁg}# g%%%{’f@n 4 i‘iﬁﬂq q % ﬁﬁﬁ’u\ﬁﬁif? e
(certokiz @lfrﬁisrap:ezqum)nseﬂsmmq r(iW)T\G}gbdimgmhmbﬂenWt ﬂ:ﬂﬁayrama«iridngc‘mﬁbmn ations
ther eOfS :?r%m-g{]( Sy ig_.hpv &Qﬁgm’ or @%kﬂlh?rg 10 7 d ?1 rie Mﬁ&% ‘,nhjit 1% no gﬁ me?l'\*f}? 8 . to the
fi ng of "a human
antl -Chl meric anti body 3( HACA), a human anti - hurranl zed antl body (HAHA), a
human dnti - nouse anti. bodyreguegiddvibyiainaid wdorebi thatiforist tdvese@bfeBB91sThe met hod
of any,on k.l i r of apy
conpri g es%gﬁvéntﬁc [ n\gE ”ngﬁ%kg%g)rgge%\(g’?&teﬁgﬁég@ &h%\%?%g%hég Q{éﬁﬁ%ﬁé ml"ltﬁ%%g dr ug.

40. The 3netwhodingf cl ai m 39, wherein the non-anti-TNFa drug is sel ected 2from
the group consisting of an 1L-6 receptor-inhibiting nonocl onal antibody,

anti-integrin 3mol egul e, D4 Qe b M08 p,)ag
nutritition ther apy, (fxxr}rlﬂétoﬁﬁdeiggtnﬁeirneo?er i%\ﬁ%a gfegﬁ&d %6}3%[?’/%&%52/ 045794
41. The Znettodingfa (@ngﬁs@ﬁ@mﬁv vlthifest 3@-1T 0F40iugwhereiind chrepmetdhod f urt her
2conpri,;ses detgrm nin ] e n; f.1h rent. gourse of
therapy shoul d?dl%e 3‘Jiierti’cmé% \(&:I%(t)i?ﬂ g%é‘?éggé%g@q f%ﬁ @to%ﬁ%k’% t%r](ia{“‘;n Hglourse of
t her apy shoul d be amqi*mdzsg&r@@hqﬁ’@btimwiﬁsmmcema,ntu f\}fm@ugbuﬁsﬁedtmgmng f orm of
t he aut;oanti body is_not L Cross actE F “} q a}

D measunnoi 6}3!“6%61}06 evel, OF peruen O ane utra 1Zing orm Of the

6 autoantibody in a sample from the subject according to a method of any one of

~4

claims 1 t0 21; and

8 (b) determining that a different course of therapy should be administered to the

9 subject if the neutralizing form of the autoantibody is cross-reactive with the
10 second anti-TNFg drug.

1 37. The method of claim 36, wherein the first and second anti-TNFa drugs

2 are jndepedently selected from the group consisting of REMICADE™ (infliximab),
3 ENBREL™ (etanercept), HUMIRA™ (adalimumab), CIMZIA® (certolizurnab pegol),
4 SIMPONIY {gohimumab; CNTO 148), and combinations thercof.

I 38. The method of claim 36 or 37, wherein the auwtoantibody to the first

-

anti-TNFo drug is selected from the group consisting of a human anti-chimeric antibody

3 (HACA), a human anti-humanized antibody (HAHA), a human anti-mouse antibody
4  {HAMA), and combinations thereof.
I 39. The method of any one of claims 36 to 38, wherein the different course

2 of therapy comprises switching to a course of therapy that is not an anti-TNFa drug.

i 40. The method of claim 39, wherein the non-anti-TNFo drug is selected

2 from the group consisting of an [L-6 receptor-inhibiting monocional antibody, anti-integrin

(9%)

molecule, JAK-2 inhibitor, tyrosine kinase inhibitor, nutritition therapy, and mixtures thercof.

~}
N3



5TN-Fa drug. 1

WO 2013/006810 PCT/US2012/045794

1 41. The method of any onc of claims 36 to 40, wherein the method further
2 comprises determining that a subsequent dose of the current course of therapy should be

3 increased or decreased, or that a different course of therapy should be administered to the

4 subject, it the neutralizing form of the autoantibody is vot cross-reactive with the second anti-

5 TNFudrug.
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