METHODS OF DETERM NI NG PATI ENT RESPONSE BY MEASUREMENT OF HER- 2 EXPRESSI ON
Cross-Reference To Related Applications This application clains the benefit
of and prwonrbtopssysder 35 USC 119(e) to U.S. Provisi onalpcApphéioatizon

61/ 145, 029, filed January 15, 2009, which is incorporated by reference in
its entirety. Field of the Invention The present invention provi des nethods
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with a HER2-acting agent. The nethods IErow de probabl e tine to progression
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1999, J. Clin. Oncol. 17:2639-48; and Vogel et al., 2002, J. Clin. Oncol. 20:719-26. Further,

in other studies of the combination of trastuzumab plus chemotherapy in the metastatic breast
cancer setting, only approximately 50% of patients overexpressing Her-2 objectively
responded to trastuzumab combination therapy. See Slamon et al. N Engl J Med 344: 783-92.
25 At the current time it can be problematic to determine whether a subject with a cancer
is likely or unlikely to respond to treatment with a Her-2-acting agent, such as trastuzumab.
Determining whether such patients are unlikely to respond to trastuzumab and/or other Her-
acting agents would avoid providing costly but ineffective treatment to those patients. For
example, an assay to determine patient sensitivity to Her-2 acting agents may also be used to
30 identify patients that are unlikely to respond to a chemotherapeutic agent in addition to the
Her-2 acting agent thus allowing the subject to avoid the potentially toxic effects of the
chemotherapeutic agent. Also, an assay to determine patient sensitivity to Her-2 acting
agents may be used to predict a time course of disease or a probability of a significant event

in the disease for Her-2 positive patients. Thus, there is a need for a method to determine



in the disease for Her-2 positive patients. Thus, there is a need for a
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subject with a cancer is likely to respond to treatnment with a Her2-acting
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nethods to correlate the relative |levels of the anobunt of at |east one of
total HerfpthepBtept or Her-2 honodiners in a biol ogical sample froma subject
W th a preghmshSofi InbdRioh! kel i hood that the subject will respond to
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For example, in certain embodiments, the invention comprises methods for predicting
whether a subject with a cancer and being treated with a Her-2 acting agent is likely to have
25 a significant event comprising the steps of: (a) detecting in a biological sample from the
subject’s cancer the amount of at least one of Her-2 or Her-2 homodimers; and (b) correlating
the amount of Her-2 or Her-2 homodimers to the likelihood that the subject will have a
significant event.
In other aspects, the invention is drawn to a method for determining whether a subject
30 with a cancer is likely to respond to treatment with a Her2-acting agent. In another aspect, the
invention is drawn to a method for predicting a time course of disease. In another aspect, the
method is drawn to a method for predicting a probability of a significant event in the time

course of the disease.



course of the disease.In certain enbodi nents of each of the nethods of the
i nvention, the nethod conprises detecting in a biological sanple fromthe
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herein, if thdnasmimnimboliinichis, ifithe heasit olile-20imdbhBerkEion®dowerHe high, honodi ner s
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time course.

In some embodiments, if the amount of Her-2 and/or Her-2 homodimers is
moderately high, then the patient is likely to respond to the Her-2 acting agent and/or the
patient has a long time course.

25 Also, in some embodiments, if the amount of Her-2 and/or Her-2 homodimers is very
high and/or low, then the patient is unlikely to respond to the Her-2 acting agent and/or the
patient has a short time course.

Thus, in certain embodiments, if the amount of the at least one of the Her-2 or Her-2
homodimers is above a first threshold level (e.g., “high”), the subject’s prognosis is to be

30 likely to respond to the Her-2 acting agent. Additionally and/or alternatively, in certain
embodiments and as discussed in more detail herein, if the amount of the at least one of the
Her-2 or Her-2 homodimers is above a second threshold level higher than the first threshold
level (e.g., “very high”), the subject’s prognosis is to be unlikely to respond to the Her-2
acting agent.

3.



| evel (e.g., "very high"), the subject's prognosis is to be unlikely to
respond to the Her-2 acting agent.In certain enbodi nents, the cancer is
breast cawmoeanio/dsssesone emnbodi nents, the breast cancer | gCuaiSasari2ez | n
sone enbodi nents, the breast cancer is early stage (i.e., adjuvant) breast
cancer. In certain enbodi nents, the Her-2 acting agent is trastuzumab. In

certain enmbodifeiis erﬁ%@m{@{shﬁgcdn@erﬁ%e&éa@tr ARG Wh §dhehbYERAIA @M Brea@Ssay. 1N
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overal | seAeArvanetssttie. Inspme empodispey the reats caserpraristeag(Lenaliveed ST or ot her
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and a subgroup with IgS;r Her - 2 expression. The subgroup with high Her-2

expr essi oﬁ‘df?éys"ﬂﬂ”u@?\REQ (9?1\‘??‘6%‘1?%{‘5”% group having very high Her-2 and

noder at el y hi gh céir IntRYIMBES] Eeteliingd mbdur€ & dréaksd b IBAHhORAES, the nunber
of subgroups is three so that the patient sanple is divjided into a subgroup

of pati ent@PlEhHeeatieast thregpriierfsubgaqurs %ﬁfﬂﬁi‘%f"s"eﬁ%‘“ \9‘@P‘§fl“ﬁ‘?‘§%t €a subgroup

whose Her pAie@d§ishe Qividel imt?a mgmagp WRE ﬁ)vd Iserlzce%re@m (Pe.,. D QUM OREL2 Her - 2
and/ or Her-2 honodi ners i.s node In cert i ments, the

rate
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ei ther t h&phksgéh mabgéOseRubdivilidiento @ la@uiﬁgmry high HEE2 adowodera®ly higgr - 2 and/ or
Her-2 hompdi ners i.n the patient a PL?’ t hen t he ptﬁllent i's
likely t oHFEsPBiEit & uwceﬁalaew??@m ﬁ?n rOF SURIOUPSAE N0 TS kel y to
haVﬁ g |8Mer|ﬁtlsﬂﬁpg@ﬁldlﬁvs®d it b sESRNP bEpatibrils @Rt Blef12 amhﬁdieﬁenbrgodghergachdof t he
met hods dj scl 0s rein measure i s create ividing a
pluralitySgfY g‘@ﬁ] ae%'ggrg'éﬁ?ﬁ]i‘(é% P{e‘h? d&{ﬁ%gg‘f“’?ﬁw&‘%%g%ﬁb gro\%gr eint heg
firsts SUb@ﬁ&HHeﬁDEF@WdrSBESZ sanpdinsrs ﬁ&ﬂdd@@te’lﬁﬂgﬂ'@fceﬁaxﬁremb’&flm&at:hﬂﬁbdl mers at a

| evel r| s S haV| f the at | east

one of ¢ e 3o sno B RBRTRERaR e avect B ISR 0P BT 17 BEh r eahol d
| evel , angbgbep @ranalbeswgawpn@ﬂaramamuﬂHexoz‘ anldfoe Hat-2 h@miﬁmammtm‘ the Her-2 or
MR RN T IR A R AI G O
sanpl es hadionthe patiengid likety &l haod a Ioh@tuhbéeu&eor Her - 2 hormdl rrer s is then
G V00,0 WS 2By, 8 G0 UPHE B STBIL Sl P o5 havi o
above a S}ﬁétd?:_l&'edmmbd ReB0leds dreiel by lividirg a Iblhxahtytolﬂ gubfect ainplehmesh tdad threvel , and a
rggg,: agﬁles){l rt)\?qgev%yﬁ?grg gxlélglirs?cls_)&ré{olﬁg Iﬁ%ﬁ% % lses ha%}ggnl% Ir?er—2 or err1 of the at
homodimers at a low level, wherein the low level comprises having an amount of the at least
one of the Her-2 or Her-2 homodimers equal to or below a first threshold level, and the
25 samples having an amount of the at least one of the Her-2 or Her-2 homodimers equal to or
above the first threshold comprise samples having a high level of the Her-2 or Her-2
homodimers, and wherein the samples having a high level of the Her-2 or Her-2 homodimers
is then divided into two subgroups, a very high subgroup comprising samples having an
amount of the at least one of the Her-2 or Her-2 homodimers equal to or above a second
30 threshold level higher than the first threshold level, and a moderately high subgroup
comprising samples having an amount of the at least one of the Her-2 or Her-2 homodimers
greater than or equal to the first threshold level and less than or equal to the second threshold

level.



greater than or equal to the first threshold | evel and | ess than or equal
to the second threshold level.In each of the enbodi nents of the nethods of
t he i nvenwDanio/0sbsBe Her-2 i s nmeasured, the Her-3 expressras20mp2020npri se
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enbodi nents, the amount of total Her-2, Her-2 honodi ners and/or Her-2

het er odi mers i g ABaTWHRMhbHENBS Qﬂh@i%@tﬁyds%@@l@lﬂlv@nt%ﬁ WRASHéng and/ or
guantifying an anount of protein-protein interactions in a sanple. In
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In certain enbodi nents, the other hiomarker can CD31, KDR, p95, or
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h su is f her divyi ded base 3 expression
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t hresho evel, an eln a s ect wwth no evel s of the
L Tenot Cone. oSttt Sy SkERes Mg Sy it Bt S TL°) kel v to
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Where Her pa%nemswnaamf-edxpréshtﬂod-iemgﬁ afKHoth8Sdubgrotpyf patemprwine: Hegs - 3, Her - 3
honmodi ner s Her-3 heterodi ners. For exanple, in certain enbodi nents, the
ano of tibeﬁ?llonl-%lrowt?» Her - 3 honodi mers and/ or Her-3 heterodimers (e.g.,

Her 2/ Her - 3) i SThugass tei@ih embodiments of each of the methods of the invention, wherein the

moderately high subgroup is further divided based upon Her-3 expression wherein a high
level comprises having Her-3 equal to or above a first threshold level and a low level
comprises having Her-3 below the first threshold level, and wherein a subject with

25 moderately high levels of the at least one Her-2 and/or Her-2 dimers and low levels of Her-3
is likely to respond to the Her-2 acting agent and/or wherein a subject with moderately high
levels of the at least one Her-2 and/or Her-2 dimers and high levels of Her-3 is unlikely or
less likely to respond to the Her-2 acting agent.

Where Her-3 is measured, the Her-3 expression may comprise Her-3, Her-3

30 homodimers, or Her-3 heterodimers. For example, in certain embodiments, the amount of
total Her-3, Her-3 homodimers and/or Her-3 heterodimers (e.g., Her2/Her-3) is measured
using an assay capable of measuring and/or quantifying an amount of protein-protein

interactions in a sample.



usi ng an assay capable of measuring and/or quantifying an amount of
protein-protein interactions in a sanple.For exanple, in one enbodi nent the
cut - of f fwo 2biEwdB34sBgh expression (as conpared to Her 3 | eaTASPIOSSI20N | S
0.158). O, values about 25% | ower and/or 25% hi gher may be used. Thus,
each of the threshold values and/or threshold ranges described herein may

vary by about ghrexdnfik, urun%emt)mmauIﬂeghtcbfsfbaHegalrgt/erres%ﬁ)%(@rtomptrwear scal e
or less (i.e., be < 25%Ia£)§S and/ or < 25‘V<iO n. the pecrflc

ranges di ‘é’cﬁlﬁ'é%@&’ epranessiayis O-b3S)9r valtss aboshda’s “r%@é%f 8%%&5 %fH‘i‘ﬁXt ©15% or | ess,

or by aboed 1PRasOkach 85the tPQEshbw \&h@blEncﬁ&ﬁ)t%sﬂoﬁﬁ@nge-fIZlEScﬁﬁédJIEdreﬁc(alayle for a
Her 3 hi gh vs. | ow cut - of f nay }r{g dependi ng, upont the patie ohort

and/ or t h&argpyabeyt arlee %‘V@ﬁ?rao]é?g scalsRPY/EE 2° oF A e sl ordes ‘O‘i nts, the
][lurrbesr gf <§§"%gﬁ@$rﬂ§1dlo$ <QBeAnellef t'ﬁgrﬂth'& Bp&eric b U1 h\ételirhOcutby| i m;jt ation,
our subgroups i ve subgrou nd six su up In ¢ odi nent s,
li kel i nes%b(’t‘g Qéé’bt?ﬁidot' Etﬁ/gar W%Wtreag’ggtclt /S?)r g5 yI g‘tfé t%l rate,
time to preegression and/or usi ng the RECI ST or ot her response criteria. In
certain preferred enbodi tin ent .is tr
anot her aspect 'he@fgal; Vﬁ\?é%f’gﬁq hs‘gHYsl_@H C‘tlbgfg ?%gepf’%qm%‘&to %ﬁ’gav\,het her
a subj ect conbit Andlortiey sighifft@st elvént eih@ Ab@itored Ihlc&ﬁhlyerﬁtmdih&ﬁﬁ,(lhdndncbet dsfeat rrent
with a Her2-acti.n nd/or the ti of the di e is In
anot Her a§‘§§r€t‘ps i} gféat?rﬁ{;aé‘ﬁ? %ﬁn"ﬁ‘?m@r‘é{ nﬁém‘g% ?1‘55“%69“%;3 "i’tgfoﬁﬁf a t| me
cour se of afdispeabgoipd. Ia cSrth @ttioditents, 1a<eht&rsst3r¢spmdtxs measei@ad evth respaet @not her
aspect, the invent rawn t.o a net ho the .probability
of a si gn?‘fef"’&léﬁt"w@l/’@f?t t"f‘?ttoé’r%gﬁ%flg%?nd(/ﬁr ﬂn%thﬁgtﬁcgfoéé’ﬁ‘ﬁ r\?%")gsﬁr%lgpa Thus, in
certain enibﬁdmﬂ‘@mfefﬁred)ém&alﬁhen&t th'e liler-predting dgendlis sasttmmdb t he method conpri ses
measuring in bi oLogi % e frcpm tthe Sﬁié)jdgct eSmSiance etﬁm anount of
Her-2 and/or HBAIShG&RSHH e \Rﬂésr & PR TS GRtO1e BEFY2 2and/ or Her -2
honori mer subjest mtﬂchematze;ioyltlm @lnc@mhkbbrte &smd)toemtnmm with 4 He2-attireragéthe pati ent
is likely ond ent or.ihe,patient has a
| ong ti me? “élgou ecﬂuré ?fitg Cﬂseé?%s an %ni hi't) the ?rsgecrtrglfeﬁnv nHOIS A ’i%ses freasuring in
a bi ol ogi mathocsmrpdeercﬂirrgmmmermmubfmetaseSn earbgzaerwxam Harmmlmé canlear-I2 and/ or
Her - 2 honodi, e erein i 2 honodi ners is
oder at o1 MG HREhd R Brer o g o DREEe PR R bR ARPBUy o"onl et y
to respondgxtlﬁcahh@exkﬂemaﬁxb;ectwmgalagemosmmdéamcert he patr ent has a short tinme
courge. 1n Cer’[‘ al r}n ger&b%delmrtr)%%th%m p eactprl)fcﬁleo rgetﬁodo dlsglrr%%dethg I%Qi%d?s %ﬁ)rt? EPEs. In

certal n enbodi rren’ts e84 P ARhceT nPCert ain
enbodi neninsgsuttitpsin brb@agicabmmpterfronsthmtbastt’man@r all amapet ¢fdlen2enddodiar@nt s, t he

breast ca o(fneord%rﬁers ere%x iP tthgl grgorgnlt oFHe%r—Z%QHk)Iy }—alcg'tZ) homoﬁi?l?etrs i A3G&htely lh&hc ertain

enbodi nen
and Her-3 expression is low, then the patient is likely to respond to the Her-2 acting agent

and/or the patient has a long time course. In certain embodiments, the method comprises
25 measuring in a biological sample from the subject’s cancer an amount of Her-2 and/or Her-2
homodimers, wherein if the amount of Her-2 and/or Her-2 homodimers is moderately high
and Her-3 expressionis high, then the patient is unlikely to respond to the Her-2 acting agent
and/or the patient has a short time course. In certain embodiments, the biological sample
comprises FFPEs. In certain embodiments, the subject’s cancer is breast cancer. In certain
30 embodiments, the breast cancer is metastatic. In certain embodiments, the breast cancer is
early stage (i.e., adjuvant) breast cancer. In certain embodiments, the Her-2 acting agent is
trastuzumab.
In certain embodiments, an amount of Her-2 is measured. In certain embodiments, an

amount of Her-2 homodimers is measured. For example, in certain embodiments, the level of
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trastuzumab. In certain enbodi nents, an anount of Her-2 is neasured. In
certain enbodi nents, an anount of Her-2 honodinmers is neasured. For

exanpl e, wo 8vdsaicd enbodi nents, the | evel oftotal Her- 2crasseannei2at ed to
the |l evel of Her-2 honodi mers such that nmeasurenment of either provides the
same prognostic indications (i.e., whether a patient will respond to a

Her - 2 act {0 Hege Richrrelhttd ©8kd 18¥eNo IR 2Ho B MitSss shdtahA FRWMtenRht JiRltned honodi mer s
i s neasured using an assay capable of neasuring and/or quantifying an

armount  of PiRYidesEhnsapie gragnestis idicatiro (ignavhethers netiss Pl resmand @i enbodi nent s,

t he assayadifig hiat) VERRRABEMboRBSAY the aoGR bF BérD IRIMOAM BB nSasufeti i@hd Ness to
respond is neasured wth respect to overall survival rate, tine to

progr essi HrassaErRAble s Pﬁ@suf‘%arﬁ@tﬂ‘@?“@#ngéf’ ARPUY GERREEPIOtpin itGrRckions iR anot her

aspedt, theniphy gRtdrRih RHRYRELS, tﬁeﬁﬁiyh@lﬂeVERAd‘ﬁtﬁfd&d?' Rgehiet her a subj ect
wi th Her2- p05|t|ve cancer is unlikely to respond to treatnment with a

Her 2- act i figPodiessts, Grelings torpwoprtip msfwrerléVlﬁh.r?éemt%qyeﬂa}awgalgﬁw%ﬂeﬁ? me cour se.

In certai frogelidiAB6! BingRIEB N ooR@IRpbBEEHteket ecting in a biol ogi cal
sanple fromthe subject's cancer the anobunt of Her-2, wherein if the anount

of Her-2 is |okwanctthf‘é agngt; B tverdiop provides 3 met Odrféé%eﬁ’a‘mﬂrtﬁ whethst 8¥RiECtyi t h t he

Her 2- act i w@h AgRYPosialabser ishRliRAt o@&bordSo krbdt@bnt Wit amﬁ)fﬁaoﬁnglfgéﬁttanﬂ/bfm cour se.
In certain

pr odi nents, the r2 act rastuzumab. In
anot Her a@‘ﬁ@%tte““fﬁ‘ée%m Yﬁ%%‘ﬂ“?‘g‘ed?‘ﬁ%% ”ﬁnﬁ‘ﬁt"ﬁgﬁ""? H@fﬁ“@{am ni ng whet her
a sEbJ eCltchﬁrlbes&iefeEt:]rran PBiSiokicV8atiple 66 thésuuje&tglgeﬂcyr th@ah@mPpeAHEr20 t r eat nent
with at | east oecem)t peut i ent i ition to a Her2-acting agent
RS (A b AR e AR e e
enbodi rrenH&z abiigy a@att hﬁxdorammrms aﬂlka@as hidve A@hdritinge dduBk.agt&aln awrdde from the
subj ect" s neer Her - 2 and/ or Her-2 honodi ners, wherein if the

| evel of ?negﬁdshf) e t“ig %%W%‘é’?‘émq s high and/or very hi gh, then the
patient i s unlinlsedtyer h@e&tgﬁ@ DRéehtion isafrawreta @ tme€hioe fa@ I'd@tﬁﬂﬂlhlﬁg apaldriac agent in
addition t ngal:%s ent. |.n certain e % t he blologlcal
sanpl e co?’r‘ﬁlﬁf Se OS‘P% ‘i?g?‘ef é?i‘Wl‘léﬁ%@d?sﬁﬁrfﬁtg treatnﬁﬁmé”d PHE P ancer s
br east caﬂembtheﬂapbuﬁeageat iA aéditi@do mtzsacnhg@ebxraea/si thepamﬁns l’iﬂ&l)&ﬁlhatel c. In
ot her enbodi br east cf arly stage a% nt) breast
cancer - TR GRTS hurs AR AL PRE eIt sty gt ¢ PR o
cert ai n equbpt freenths subjdoes eheiah lslﬁdmpeﬁ}ﬁdra aﬁ(j}’@ﬂlﬁerlﬁloﬂ@dimetsawﬁérem ifh cer t ain
enb i me nt oh% é 61 ertain. enbodi nents,
R e e R e b e e R et

armu nt of udﬂeely ® fegpondiioneesst bse deastieregbuticaget i adcﬁma(ya tapaidtieg agentrre asuring
and/ or quanti an .a rotein int ctl ons in a sanple.
' cortaln endbarHTOTRE s By Rl it R TP E IS A cor fai n
enbodi nmendnshodiments, the subject’s cancer is breast cancer. In certain embodlments the breast cancer

metastatic. In other embodiments, the breast cancer is early stage (i.e., adjuvant) breast

25 cancer. In certain embodiments, the Her-2 acting agent is trastuzumab. In certain

embodiments, the chemotherapeutic agent is paclitaxel. In certain embodiments, an amount

of total Her-2 is measured. In certain embodiments, an amount of Her-2 homodimers is

measured. In certain embodiments, the amount of Her-2 homodimers is measured using an

assay capable of measuring and/or quantifying an amount of protein-protein interactions in a

30 sample. In certain embodiment, the assay is the VERATAG® assay. In certain embodiments,
likeliness to respond is measured with respect to overall survival rate, time to progression
and/or using the RECIST or other response criteria.
In yet another aspect the present invention provides a kit for measuring Her-2 and

instructions for correlating Her-2 expression to the likelihood that a patient is likely to
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| i keliness to respond is neasured with respect to overall survival rate,
time to progression and/or using the RECI ST or other response criteria. In
yet anot hwo 2asy88463t he present invention provides a kit pCoruscwasening Her - 2
and instructions for correlating Her-2 expression to the likelihood that a
patient is |likely torespond to treatment with a Her2-acting agent. In
certain el@?&)ﬂﬁ PR Snent Vfh PHES 8Bing BUR nfn' RfaiRLRELIRhQYS, 6 Preldnt ivén@ibn
predicting a time course of disease an obabi [ity of a significant
event i n #spepreviges kithier Brediefing tieseonrse pf %Segaﬁwpgeltaw‘tahlhéy danteetficydsed on the

predi ct ede38NR teitielc¥ur®d ofRiRAL i Mubje& vAthHRhrceAEAstd\h tBORBdicted N Certai n
enbodi nents the kit conprises reagents to neasure additional mnmarkers. The

ot her bi oeasitaly of aRatisat tge Heglgaoting penpn seiriy embpimgnts thekit comprisg15  CEGPI

Ki - 6%, Gsr-E%ents %%easﬁ’t@adml m&lk@l‘» TR bi RS, cal E% leayt%nla of WGSTNB
RPS6 KBl Src, Chkl, 1D, EstR 27, CCNBl, XI AP

AKO055699, PRAMRB® 2, &%CE@&GKI 69@@%%\14 C%WB%@@ S€Bv. ﬁé?‘lﬁf? W SPI

HNF3A,  NFKBR6 Svp-BRPAD, GEER3, RAYUKB1VER, CkNbI &5&@3527 PENBEH, XIE\'?l-l?,(ixkz | FI A,
CDH ., H Fla | GFBP3: CTSB Her3 or DIABLO. In certain enbodiments. the

ot her bi oRRER. IGRHK. WKOYERS2, PIBKE24, TR, BASH L, (OrP3iér BCAN, YiKer " aspect s
of each ofgat %W@PWN@MN?KBQ@?@R@Q&%@FRH@ VDREOteH 0gy,0vi des met hods
of treatln asuHJ{K r. ln one aspect, the nethods conprise

Get el ni FAVE I BPK R g 0 HIE e lorpP b or os DLARERTT AN f o 1 kel y to
respond t GniodBant¥BMe othbr dlorarkd tande VAGH, OD3ATEDR, PR Pler3nas a Iong tl me
course accordi nguto a method of the ipvention, and.adm.nisterin

ef fective ampuRturther agpeqksyof sachof Thﬁﬁmﬁﬁiérﬁ?mst%scﬂ‘ﬁ herif. dherinvgation prey ‘EPFt of said

det er m naﬁlbtﬁ(’iﬂs of BeaAiNQh ecﬁ&ﬂe&‘aﬁlcertlhﬁné@béwdl& RERGAE b&ﬁprﬁéﬂ&érﬁ‘ﬂlmﬁgl’lg that a
subject is afflicted W|tI'J1 a cancer that 1s likely to resglvgﬂ eo treat ment

with a Hethatthesupiertds afffisted WAbRspRFEHGatiHIks YR foseRRdse reafment t hen

advi gi Ng @&tifEsiestdndPr B Q3sgam@l cofbe 0@ dink &Ad MEBASd Tpltd 1Qsﬂm@<$n a;dm ni steri ng to
t he subject an effectjve anmount_of %t_Her-Z actin ent . her aspect,

the met ho%?é“”&‘ﬁfﬁ‘b‘f%@éga‘@t"éﬁlﬁ?‘fﬁt Al 1t acan%acgﬁfté%fhei%‘ébl ?sﬁrﬁ“ (ﬂ’?%‘ h a cancer
t hat has @t&Rahtiod | Iﬂﬁhoﬁlﬁlﬂsﬁ&t aRMetHodé todiprisSddidiminkgy thiath QuijesRaffictéd a
chenot her a euticagl? in addition to Hﬁg%?ﬁﬁ gaent Intcertaln
enbodi nment'&h a ¢aager it isdikely {q regpon ‘é;@ﬁ’fea‘??mt‘?( 3 Hoimene 1838 Y dirnodnbodi nent s,
the c hen%l%lﬁé(ﬂ(ﬁf&w 1h€enﬁ@ﬁ} tHen la@vifacd mécaoaebrofelss"bxﬁlafftﬂw treagithoghtioest s, t he
cancer @Preast ca rtain enb the breast cancer is

C
met ot atl MIHFPLLLe b é?t?Jfﬁt P‘b?r?eﬁtfwetaﬁé’uﬁr g\?&/H%E g-aemg BPESBACUChYEY i on may be
bet t er ungemsthe@tolyriseefeRiRiAmhg thaa tdwﬁecﬁ@hﬂﬂwmdrvgthrmhaemhm Haga Stiogur es. Fi gure

1 shows atl?mg é'lotulrsle ggd/grfthag' ?s uﬁﬂ?%y %I%esp Ac‘iGg a)chearr?o%}?%apelﬁlcaé%gn? in a%gl%on W th an
Her-2 acting agent. In certain embodiments, the Her-2-acting agent is trastuzumab. In certain
embodiments, the chemotherapeutic agent is paclitaxel. In certain embodiments, the cancer is

25 breast cancer. In certain embodiments, the breast cancer is metastatic.

Brief Description of the Drawings

The present invention may be better understood by reference to the following non-
limiting figures.
Figure 1 shows an outline of an FFPE VERATAG® assay in accordance with an
30 embodiment of the present invention.
Figure 2A and Figure 2B show an VERATAG® reaction where diffusing reactive
singlet oxygen cleaves the covalent linker between an VERATAG® reporter molecule and an

antibody in accordance with alternate embodiments of the present invention.
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enbodi nent of the present invention. Figure 2A and Figure 2B show an
VERATAG(r) reaction where diffusing reactive singlet oxygen cleaves the
coval ent wonksvosbstween an VERATAG r) reporter nol ecul epamaisamoani2rbody i n
accordance with alternate enbodi nents of the present invention.Figure 3
shows representative el ectropherograns of the VERATAGr) signal generated

for four well }ﬁgﬂé 3G raﬁ&emt%%recﬁ:@n&@ rarﬁg&fithé VBRARTAG@NGnW th a parall el
Her-2 I HC m crograph. The left side t graph indicates the cell I|ine,

t he ni ddl genstaisddortfons well chasagissider] tﬁgasbqaé@r Pféldwé% wrgaw#wratﬂﬁwqrﬂdﬁtc si de

shows t hey, Rl £aPEHRALNGAd di¢he dapRGiMaE8 B ReMideNha higid@dihimat of the present
invention. Figure 4 shows the tine to progression (TTP) for all HER2

posi ti ve ¢ratehrondisg plpctigplecsogiam and thi tight side grbys e seesPerdingidC i esent

i nveny i OnaccEﬂd%eemﬁafémmuﬁ&%fﬁ[ rEééthQ@e‘hh&ﬂtS that are HER2 negative or
positive determ ned by FISH d etecglon of I%gne anplification in

accordance wi tiHgun4 shse dretin to Bfogfeﬁ%"“p(irggbfﬁf al} %%PQSBWC PRiBHIE 6 shows the

TTP for patbams wihah etﬁﬁﬁxﬂl&x‘fvoﬁﬁf?reﬁﬁﬂﬁ\%ﬁﬁws that do not respond to
treatment with trastuzunmab regardl ess of categorization by FISH neasurenent

of gene anpl i fEigHe p ShovshealldoPratiens e HRR ersaiticrp ALY detraipsid¥ent

i nvent i onprsH @it on of $IRRVENS MnRER&I0E AN5LordArch wah aeedintRnsf B présag present
invention the TTP for patients that are very high HER2 expressors (H2T >

1. 84)0 andip¥entiPbw HER2 expressors (H2T < 1.14 regardl ess of FISH) do not

respond to trefagr Ggho\wsmltm;paamma@&M@IHE@&xpxaisb@mmd&@u ng noderately
hi gh | evel s (H2T between 14 and 1.84) of HER2 expression. Figure 8 shows

i N accor d%pRoad i eatment ‘é%%‘&ﬁ%ﬂ%b rggard ?Fé ohfargarAatioThRYFTPT S AHEFHE £ or

patients f{datm isf0d aédtdahdt WihGih eMBBIAES obfhe blRat Mchtiblhiat are positive as
determ ned by FISH, can _be further stratifi eg@% HER3 .over. - egg,ﬁﬁgm on
(H3Thi) or uno@@%%&"’é"éé‘? HRoTdps T VER appiRpodimpen RIFRFR IR tiond n

assopi at egr Paichts tﬁasareaﬁsadxghemr&sprmmsﬁzqt 01 84Heal/OERW HER expre@sisuzunab as
RS SRR M R TR AT
enbodi menpatights hvghRSRRly highvievdld @RT beheee]. Paadl1.83) s1ORw dxbatsidal SH
R <M SO TR TR e el
sanpl es Wot patide ﬂﬁt ﬁd?&fnoﬁ@at@l@ﬂug%@fn}éuthi GhHBR2 shomat dreipd3aive bs ddterbtdi | ed
Descr I pt | Onf;slg{]ls %F r{ﬁ x\é}eeg%f%ﬁggcﬁ% lifﬁl%d ovrére-gxeprer;swn H%T]ia% or undere-%gegslxgle nt* and
(H3Tlo) wherein HER3 under-expressio-n is associated with increased responsiveness to
treatment with trastuzumab as compared to HER3 over-expression.
Figure 9 shows a study of primary early stage (i.e., adjuvant) Her-2 positive samples
in accordance with an embodiment of the present invention, where Panel B shows that CISH
25 positive, very high VERATAG® H2T patients having a cut-off of H2T > 2.21 show little
benefit from adding trastuzumab to chemotherapy as compared to samples with Her-2 that is
not very high as shown in Panel A.
Detailed Description of the Invention
As used herein, the terms “embodiment™ and “aspect” are used interchangeably.
30 The term “about,” as used herein, unless otherwise indicated, refers to a value that is
no more than 10% above or below the value being modified by the term. For example, the
term “about 5 png/kg” means a range of from 4.5 pg/kg to 5.5 pg/kg. As another example,

“about 1 hour” means a range of from 48 minutes to 72 minutes.
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The term "about,"” as used herein, unless otherwi se indicated, refers to a
value that is no nore than 10% above or bel ow the val ue bei ng nodified by
t he ter mwBaniomsauspl €, the term "about 5 ng/kg" neans apcangeowf2f2rpm 4.5
ng/ kg to 5.5 ng/kg. As anot her exanple, "about 1 hour" neans a range of
from48 mnutes to 72 m nutes."Anti body" neans an i mmunogl obul i n t hat

specifically bigi§ody® mediGn ifimbitRIBENh @afspRra’aBsitRIDfIRMepbY W th, a
particul ar spatial and pol ar organi zati on of another nol ecul e. The anti body
can be nofRSEFGIAOMPISBIYRY GYilY 2 Pagticulas sRstidlispdiprlarorgrnicatipnipbansthehar ed by

t echni quegofchal. TRE Snti¥Bdy cak BOWBndcbnhNolAdnab Ul dbilahBal c#Ale padpall @ host
and col l ection of sera (polyclonal) or by prepari ?9% conti nugus hybrid cell

li nes andbx@Fhiniues thy apecldaera figfe {F Bck pmoHB RN Gh a hyst agcolisetion ofni ng and
expr essi NG \pelyEetddR by BRPANE REntRlo¥ WYy REERII g6 MEESlceitg thdweéewd coding at
| east for the am no acld sequences required for specific binding of natural
ant i bodi eRrOte-{{oBsinak: aky cloniag arfexpresyigUeleide SRRUHSE SEESREE f r agnent

t he[1 eof , | vﬁiisﬂf@ tlibdﬂ%:ﬂ B(Séﬁﬂgiﬂ@ é'aitﬁk? tlgzwihtldfégz slg@aeﬂaébﬁ 'Ike(qu&edq})e@s&ﬁc aﬂ@l?:g &ot ypes,
such as IgA, 1gD 1gE 19gd, 1g&Xxa and 19G3, . etc. Fragnents

t her eof ndAfurpAkAaiibRdisS FApsibogics %Wd“‘ﬁ‘(‘%li"%@Ple?é‘ﬁm}m%ﬁ’“?‘hg‘%’ﬁw&m ot bodi es may
al so be siyhgh gnEliRERbAR ifRRAE BS vaioud Blaed dnf @0tyRésNdich gs TeAIERE, t her eof ,
chineric antibodies huHani zed ant i bodi es_ or 6}%%// .ot1 herF a[1_1ti b‘f’&}f{ Jderivative
knowd t o B, 86288530 and IgCHe Tedfretc Frggments terrl iy ngldg Fale £V ord S Mt i s

S pgci fic for,ad ﬂ?ﬂi_ké.%lti%dlié@itr)rm?!aﬂg bskihg%-cl_iam ?ﬁid&d‘xés@ﬂan mgérﬁ@adiﬁa@a \ml ymers
and conj ugat es i nogl ohulins or their fragments can se ere
appr opri atanegt ﬁﬁrﬁ%{%ﬂ SgtibRgiessumaRigsd anghodies granyio T%Wlb%‘ﬁhjgf‘%v%i te is
mai nt ai Neghowab BRvTekiil i thb gt Pandidtt bading Bdivagthect sgeifio foramhitbasi es and
anti body der.ivatives for use in i noassays, . including.such assays

enpl oyi ngPPUPSElna8dig é%%ﬁ?géﬁs’tpﬁgﬁfﬁ??“‘z8@1’“}‘%@5%‘2“%’6151“8 Ob(‘:lﬁ?f %glefround in
readid y agaginicailcen beastdwhdiclappeopriat So lofg 8k bindilay dffwityatnth padtivalar Bifdfg

Ant i bodi es; A Laboratory Manyal , Cold Sprin rbor .Labaratory Press, New
York; Howded® GpteBe 'ﬁ%‘l“fé“,’ceéﬁg‘f,"r"gﬁ?f"l? an ei‘f’fi‘%@ﬁﬁ“ﬁ?ﬁgﬁe% fntﬁ(’g%uct i on and
Char act er gezabtivefnfor (RGn Miea®ass¥ys| dcludifly such 84y ethbRyinpalasstsayleddandbook,

St ockt on Press, York. "Antihod i ndi. onposition" megns a nol ecul e
or a corrpﬁaézas Scfl}rﬁ%gé’éf‘f?”sga“t%;l “"g&%?&é'é@a‘%ﬁlgg%‘ﬁs %@P&“‘Eﬂ% f-%oﬁ?%’é”, or

ant i gen- banddiang 108sagnmeitirs. thedbokitargd Mapud, Cadd S@ink @larb@nbatdertary Besd, t s bi ndi ng

specj fici n.such anti r ,anti body-bi ndi ng, fragnent. Antibody

bi nd%ong cgﬁﬁg{éﬁ%%%rgiaﬂ‘ﬁ‘f}%gg%%oﬂtB %ffcedlﬁg‘f’%l”f '?‘ﬁqi%gd ¢ M Mat i body pairs in
whi ch a f Cksticredvaiibo GRCiirssstsWif)ed. F99¢ alHe yminanoassuptgetbootp BeckibrePrassd a second
anti body fin pecifically to a constant region of the first antibody; a

S
bi oti nyl a fé%q(zséﬂ(ti body that binds specifically to a target nolecule and a
streptavi di n praetieedy,bintdirigchmpésitioal” mears adeidculator Z eoinpxt dif mutkcelbs g such as

comprises one or more antibodies, or antigen-binding fragments that bind to a molecule, and

25 derives its binding specificity from such antibody or antibody-binding fragment. Antibody
binding compositions include, but are not limited to, (i) antibody pairs in which a first
antibody binds specifically to a target molecule and a second antibody binds specifically to a
constant region of the first antibody; a biotinylated antibody that binds specifically to a target
molecule and a streptavidin protein, which protein is derivatized with moieties such as

30 molecular tags or photosensitizers or the like, via a biotin moiety; (ii) antibodies specific for a
target molecule and conjugated to a polymer, such as dextran, which, in turn, is derivatized
with moieties such as molecular tags or photosensitizers, either directly by covalent bonds or
indirectly via streptavidin-biotin linkages; (iii) antibodies specific for a target molecule and

conjugated to a bead, or microbead, or other solid phase support, which, in turn, is derivatized
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nmol ecul ar tags or photosensitizers or the like, via a biotin noiety; (ii)
anti bodi es specific for a target nol ecule and conjugated to a polyner, such
as dextrawp 20do/osB463i n turn, is derivatized with noietiegcsusboas2rmt ecul ar
tags or photosensitizers, either directly by coval ent bonds or indirectly
via streptavidin-biotin linkages; (iii) antibodies specific for a target

nol ecul e afgdr GRBHMG3-BLctlyOvith ROEEs s@h amnﬁreélhﬁ%%s oPphoRk&BHiz&8ot d phase
support, which, in turn, is derivatizedeither directly or indirectly with
moi et es RUWRETBEONIREHE et ags or phot osensiti zers, or pol ymers cont ai ning

the latter. "Ankiga d%te@ﬂﬁx@l{tmoﬂ%ltape”Qfeans@@lté&p@ d’l‘ﬁ@d’k&" adndiécuR, on t he
surface of a nolecul e, usuall protein, a singl ant | body

mol ecul e BPHESR Preteifelp ayhich a S&‘%F‘B‘t‘@ﬁ mglegulg B%Sr g’Fneéarnyn%ll?theﬂ § VR

anti geni Coxd@in?'aﬁfefb%ﬂirﬁlg@f"@ddf&ﬁﬁlhﬁs MdtrBacantithaabdass of differeitepRcities.
specificities. preferred ant] %enl c, determ nant i s a phosphorylation site
of a prot &P e”‘eélaﬁtt‘:ﬁeﬁ‘@ delgiiRAthig @ PResRhqTY lptignesyte o1 RIfent | body bi ndi ng

conposi tion, ampimiMd da&@yundasmﬂpaférd@an antipeRtHidiensQompeNiopSPtantsddyi gand for a
cel | surface receptor, a rot nucl eotide, an oligonucleotide

an
anal og, sRféH eaép%?“ﬂ‘éﬁrt‘]oaé’eﬂﬁi& %‘?“éi f%facahs LBEETPIPT acﬁmtﬁ‘ﬁya ot her nol ecul ar
entity thatgohloBRabl ligdhuckPaed dnbiogshoh d3iaPeptidg ntideidadid b §Rtin, PF Atyei N or

nDIecuIe or s e Co ex formatjon anal yte of .interes such as a
oot ofthes st e SR b BT et it B AT R B AT b
repr eﬁ e gt ﬂﬂ)lebc}bn{p&g foratatied wittbel anwytegonwess @&h@ﬂec@ﬁpléﬁn’f@rdmﬁsle&wnlar t ag \?\/n )
attached to a hi.ndi ng noi et "Bi ndi n t nmol ecule to iC
nol ecul araSP%féﬁq’ gtfgma?ﬂﬂg»c%‘i}‘ B ?WH’I%F % ¥l§tf{’rre3’5’?f’zbﬁ?°t“%8?mﬁr§es APabl e of
FpeCi fijCad)r|onrbinﬂlgblﬂgtig@ aﬁﬂhmah}stnemgliiid“aﬂy ng noieties i ncI ude but are not
imted to, ani] odles antibo i.n sitions pr ot ei ns,
nucl ei ¢ aci ds 3P M(g‘%cug?éeng’ﬁﬁggp%ﬁﬁﬂ%r ?ﬁsﬁ?n t?y ¥t up to
a?ohusdlooﬁdﬁhatly @tﬂﬁhealnﬁhtﬁs@llbamemfsqg:cﬁiwlymnsjeigectaledlafyteoBinﬂimg n@ﬁemlup consi sting
of hydroge rbon ) i troge | fur and phos l,us. referably,
bi ndi ng_ g B st et rfaslss ook Bt O RS R praS. " e

and " cancerRitsicids eﬂdao"rgatno; mlwﬂ&shzmu{gea thélecupn weighl ddgp cadboardndl daltoms or gani sm
i ncl udi ng characteri zed unr e ul ated cell

gr owt h. Sf‘gﬂr?ﬁ%gmgiamﬁléﬁ%%c?ed f%@l tﬁa%r"x%ﬁ%“s‘ét%né %’f“zr?%e % B8 % ar ci nona,

| ynphoma, nibbgea snifer,ans alidsplrcusaPrelfctablyk Bindliag mivbties apamtib@lids ar aeibedypl es of such
cangzg)rs incl, ude0 uanmous cell cancer, lung cancer, e.g., small-cell lung
can NoHE € f oIl | ung cancer; gastrointestinal cancer, pancreatic
cancer, gl i obl‘@atweriand C@nwiraal refancerdescabathe physiowgi;elrcpndit'immrganam; er,

o e ARG AR sy PR ERGE ke P EREL sy ROARRGR 8 cancer.
cancer, vahsealinctdederare hdryimiteditoccndema, lyeyphdma; blastoma, sarcoma and
leukemia. More particular examples of such cancers include squamous cell cancer, lung
25 cancer, e.g., small-cell lung cancer or non-small cell lung cancer; gastrointestinal cancer,
pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer,
hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial carcinoma, salivary
gland carcinoma, kidney cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic
carcinoma and various types of head and neck cancer.
30 “Chemotherapeutic agent” means a chemical substance, primarily a cytotoxic or

cytostatic agent, that is used to treat a condition, particularly cancer. Chemotherapeutic

agents shall include such compounds as paclitaxel, as set forth herein.
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carcinoma and various types of head and neck cancer. "Chenotherapeutic
agent" neans a chem cal substance, primarily a cytotoxic or cytostatic
agent, thaD2m/083%d to treat a condition, particularly eemase010/021272
Chenot herapeuti c agents shall include such conpounds as paclitaxel, as set
forth herein. A "cl eavabl e |inkage," as used herein, refers to a chem cal

l'i nki ng group ARatavamyliMQgs? @saa\é&ﬂlewﬂﬂ&ffer@fb%hérh@ﬂﬂmklhg’igrod}@thﬂﬁﬁaydﬁgl’ ade the
structure or affect detecfiaon charg%terl stics off a nol.ec g connect ed
a fe cj]@ tﬂlﬁ&l $i

to a bi nd? Iy edridet Spngiipts thas do potdggrads) the SupiRig B lfeRt detqeHoR, i ng
noi ety," 6ffa m&b@@a\/ta@@mﬁ@&éumabaﬁimgsadetﬁe/m'ma,clea@ba I@k4&pep that produces an
active species that is capabl e of cj faéaw nggéa cl eav ble |i nkagg,@F preferably

by oxi dati on. ’I‘-"r%l?aé(?ﬁb‘P‘gpcmﬁl‘i‘%?‘% 1y §leayiRg 9857 ag uspd Bprely; is 4 grog es that
exhiby ts ﬁﬂa@lrctes ad a¢gek s@@&és\maft)écs@btemaeavﬁrsg aCdl@aabw&ﬂchg’bdpl@fefhglyefyf ects are
only int rommtl%/ gt e site ofh ener O’Eh A 'cl ea ?’ robe, "
used her e?’Hdat‘P’éfPé‘?f?a Iy the 3elYgRRTies i the F%}%*sf ye ‘@é\?’%{‘ﬁ%liw Hg noi et y
as defineg thﬁﬁteuaa\agedmaﬁm@raffea@ﬁiy obllyrhdlhﬁgro&mﬂ@(bftﬁelsﬁé’bf1ﬁlger&ﬂihb1body, a
pepti de, a pep “ﬂe or n n”pe e ligand for té‘ell surface receptor, a

protein, such Y OEIPH 61 SF‘é Rreifi THiH o %??a%ﬁ“f BIfQTPGE f HE2vagh
ol i gonucl maﬁdllcgenaaglaggaﬁnmlﬁaadanpetwouydemmugb@m@sxam dn amlbb@cm n or any

ot her nol ecular entity that.js. c | e of eci fical 0 _a target
oF ol PRt Bt bnchiranide VeSR A SR Rt Do uRi gy 21O
i nterest, st&pﬁhldﬁ$arﬁolig61maleebﬂeoin Qigoieietisde ahAIGERATAGE & pEptiddRRATAGdr 3 "

mul 1 p ex Bt e e e & Rk N WTETE Y ques for

per f or m ng raslebulitor kiale BenEexclormasisn with an aalytwdifigerbdtitsueiods alcbmpleedf t o
reagents, anal ytical procedures and software related to those assays. Such
assays ar%r §i"Scl osed in this application as well as in United States Patent
7, 10f5, 308, whi NEMAM’O‘rmmm’bwer dmeayelan usaiiCihtathangeablyy
drawi ngs. "FFE ref.e up . of ce a f. tissue that
oret1 yedndgartpeieRory PEuRbArd B RS P ke Blinkiced
sanpl es. ﬁ‘:updsrfcsxahiglaamtﬂizmgrswhlamyd jncluding huxubt lhmutﬂdttatelagfmts anglydcaln an assay
]]: ?; e&ef Iegé (ﬁj‘tée nﬁ{d 59 ?{e éelan‘?({etg 6h08en§sggys tShI nasgaeggrle 1$C nr?thls apélg:%tggy tSB::ﬁk of
sanpl es ahsseelitay firi Caitel Btatm detend, 185 Gﬁﬁ)w\awhlmnairpqmedmdeﬁtm@rhemmcedur e, and
opt i gnal I%‘ gn antdr%n retrieval procedure as a part of, or prelimnary to,
assa@)n Ell}’ Rt 2ard ratio", as used herein, refers to a statistical
met hod used td‘F@EE’éshall eefarmo egxbumwcella‘qmqumﬁt}mfitime th'ats:ke fiXddapeaticdlarlat | 0" 1S
the ratio befwe Z s S an gr oup.
For exampT onsars i pEhaH g B ARE R sl Rl i S SHEufnghitet

lxmltatlon used in an assay for receptor complexes in the form of thin sections, e.g. 3-10 pm

thick, of fixed tissue mounted on a microscope slide or equivalent surface. Such samples also
25 typically undergo a conventional re-hydration procedure, and optionally, an antigen retrieval
procedure as a part of, or preliminary to, assay measurements.
“Hazard ratio”, as used herein, refers to a statistical method used to generate an
estimate for relative risk. “Hazard ratio” is the ratio between the predicted hazard of one
group versus another group. For example, patient populations treated with versus without a
30 Her-2 acting agent can be assessed for whether or not the Her-2 acting agent is effective in
increasing the time to distant recurrence of disease. The hazards ratio can then be compared
to an independent measure, such as the ratio of Her-2 homodimer to total Her-2. At Her-2
homodimer to total Her-2 ratios at which the hazards ratio is less than one, treating with a

Her-2 acting agent has a greater chance of efficacy. At Her-2 homodimer to total Her-2 ratios
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Her-2 acting agent can be assessed for whether or not the Her-2 acting
agent is effective in increasing the tine to distant recurrence of disease.
The hazarwe aidssssean t hen be conpared to an i ndependenrcramssanm212s2ch as
the ratio of Her-2 honodinmer to total Her-2. At Her-2 honodimer to total
Her-2 ratios at which the hazards ratio is |l ess than one, treating wth a

Her - 2 act jR@icB IR Haz @S ado iglirﬂ%hﬁ‘% uisB NS &N e, ﬁéétlinga’ﬁh{aHéi 2 biging dgdhonodi mer to
total Her-2 ratiosat which the hazards ratio is indisti ngui shabl e from one,

treating WP el frepceot sHicagyy agent has a |ower chance of efficacy. "Her-2",

"ErbB2", "c- Erdprp2’ «erbBERRC-Erb Bfr Hfprrd-Heretind aﬁe@”u@a@ballmxemaﬁg@ageabl y
herei n and refer to native Her- and allelic v atﬁtds t hereof, as
S

descri bedf,‘erefi'bi‘ndéi‘(fﬁh‘ﬁInét,iveiﬂ?réeﬂ‘?ﬂéﬂf‘élc vajiants theseos; as Jor PjaRPSoN6497- 650 and
;gggggt 0U§efmbﬁ|et allg@@m%%l 9rlﬁ‘A3&954Q73@50 aaaﬂ(aﬁaldot@n@bam ma;esw Q%0- nurErbgr o

nl ess i ndi cated ot herw se " c- Er "
"HER2" antfepdSgned meaﬁcelﬁsg%n%?rex%%%ﬁ»@#e% Bgﬁﬂﬁﬁﬁ%e &edffms CHer ®rhe gene
enfcodi ng lﬁsézzlw &-Erefzmr’remmzommemm vﬁfén uRl ?B&n ref&So uﬁeadmhnepreneml TH2T shal |
refer to total Her-2 expres nas s or ut limtation,
by VERATARSF jncodipgher3 s Sa‘}é?fefrﬁ todGE Y as e‘ﬁg@ ééaseﬂgvéin hﬁ \év’llahf eT{iR) Oé\alcorrpound
that can g etxpiessaonms@m@gﬂ, forkxadplel withoyt Ipfitatien, b VBRATAB®.- 2 expr essing cel |
or a Her-2 pos] e cancer _cell, Such bi ol O(%I cal ﬁtl Vi tllﬂgi i ncl ude, but

aéﬁan IB %

are Mot limte e’f’ At AE7 &% YoEhhersit R Bp By g horyl ati on of

anot her rgeegthctiviy gﬂHJ:r—Z dr&ﬂfed-ﬂ@kpréﬁ@mgﬁcdl drh&{ek-lzIpesltl\BchIho@gdeGSSUCECt ivities
can i nclude, w.thou tation

! su Vi val. e |iferation, and
i nhi biti 01?1018$‘C3§69H"t§éf’1°[;‘|1d? Egar?ﬁptgml‘—tfé‘}to PR E ﬁ%‘ﬁ’t‘”l’& M°be direct or
i ndi Ir ect f}ﬂﬂbﬂho}yﬂd’abh BOAnOBEL re AP Figndl g fisdpdtion Bndlfle JiteOBilogicaluapiVitesesn Or
conpl ex formation, dul ati gn of |ntraff| me i nhibition.
Bi ol ogi ca‘lndg%t N}F‘f“it g@‘t‘?%’ﬂ’ °§ﬁ§‘brv'ivﬁl éjffg nsolifratign, ?nés}%glﬁg%n cgfnu et forth in
t hi s1sappl dceigitiesy. a}Bfempdl@rageﬁdedSulQbeamtebm imifrentdl kiliap (geADBG), are not
i m nd trastu

limted t t he 4 rmlecules
such as ABEUEEBO f”acﬁﬁ’ﬂ’ ﬁ?s £ CQ‘PES tgmﬁ%'ﬁ%dnor%léaon %pmé?’%?rge%%kén &9 cell
surface Hakyrde iRibhioABolbgica pttditks tamails icheio mﬁleem@bnstemm fortihrou this

menbr ane- boun r-2 .proteins r.s ,usu consi f two receptors in
cont act vﬁpPﬁcagﬂ%H%éﬂB?lE’é%}er' 'aﬁgﬂgsag%?m‘ﬂ%d% € ’%/éla e %gkfel &8 f ace menbr ane
by passi vlaolwmegseﬁd trastiziimatsanYaimalti@pleMéa Isudhrab e\nEEéISBanxSLapemmﬂb tHee-2l | ke, or
di S be. b Cess such as duced

di ggoi zg?‘?"gw,%m&e VAl gfdrtﬁn elt?"lf(e lgsg’gacel’}g & aemt%fagenre\?ﬁpt%s i 58 l[Iqu afqu conponent s
or the | i&enorémenbmndgbqunﬁﬁhd-bmtemgleme@ﬁl@Qlly QGalsist dlf(’D\Bo @ieplerQ@EontAs used

herein, the term. | S under st ood, tocr " cel | e nmenbrane
r ecept or ‘?lh%eamotherl Ig]gnsersurrrl]a ere Sfedte qr%:g rs%faé:g m?mbrlaﬁ) lﬁ' epasswe p%ce%g s used

her ei n, I-ﬁzlf.hss\lfmldler Weéilemtemmoquamﬂlé hl@doxculmes mag bg treate byfa@tlveexanpl e W t hout
limtati Olg]rbcess\és such as ﬁ‘qlge)nd—mduced dimerization, covalent linkages, interaction with
25 intracellular components or the like. See, e.g., Schlessinger, 2000, Cell 103:211-225. As used
herein, the term “dimer” is understood to refer to “cell surface membrane receptor dimer,”
unless understood otherwise from the context. As used herein, H22D shall refer to quantified
dimer as shown, for example without limitation, by VERATAG®.
“Her-2 homodimer to total Her-2 ratio” refers to a measure that describes the amount
30 of Her-2 homodimers divided by the total amount of Her-2 in a sample from a subject’s tissue
according to any single quantitative method available to one skilled in the art.
A “Her-2 positive” cancer, cancer cell, subject or patient, as used herein, refers to a

cancer, cell subject or patient exhibiting a score of at least 2 when using a HercepTest®

(DakoCytomation California Inc., Carpenteria, CA) or a cancer, cancer cell, subject or patient
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"Her-2 honodiner to total Her-2 ratio" refers to a neasure that describes
t he anobunt of Her-2 honodi ners divided by the total anount of Her-2 in a
sanpl e frwonaiosbjeect’' s ti ssue according to any singl e guanistéadtoriee2 met hod
available to one skilled in the art. A "Her-2 positive" cancer, cancer
cell, subject or patient, as used herein, refers to a cancer, cell subject
or pat i enf,, bl liddiGhd -3 SR By PISIR TN L@ lemBodMibRs, URIHMG 2dodigvcepTest (1)
(DakoCytomation California Inc., Carpenterja, CA) or a cancer, cancer cell,
subj ect ofxhihitsiaserre ot leph 3+ pebhusingdfrsepTet- as such by FISH In certain
enbodi ments, ta{geieLed PPRkistiéhdt & greaRX haPhdrhaR oSO tBanQf stadblarll §RF ks 2+ Or 3+
usi ng HercepTest . "Hi gh" refers to a neasure that is greater than normal,
greater t RBIIeieratngd MEAYTeQ @ISUREEOUR MrRBERtr dhatisiela Vil £853fes thar anpther bgr oup

measy € qubtg;b@we%ufe.et@tek%‘iﬂlé{ hih@Rt-8kefdrh 8 AROID B HELUNRBA QUPeckRBRHRE. FOr
exanpl e, high r-2 refers to a neasure of Her-2 that is ?ﬁreater t han a

nor mal  Hepermalidere pessura, Apirpal Haugrmepsurpmay edetpyingrbacqrding i g dretiedor di ng t o

any met hogyaxisé Rt &illed iR atKilibh BEk-1 Ray D16 Bfet to ath@buréBatiZedwaMo 8t SO ref er
to a nmeasure that is equal to or greater than a prgfdﬁ{ggrm ned neasure, such
r

as a pred@capihepredsiennined ppagpressEch as apggdetgmiped,caio Fer-dgax g of Her-2

wher ei N ardhdr@ha Fiedsnrd 0B HBAY Rbdein 8 figh BleRd kibBlorp Biseah@ielyl 2368 fevolk offer - 2 t han
anot her subgroup. For exanple, without limtation, according to the present

p
specl¥ i caflPohthar giother wbprqer: FpugpEple. WithoyBripEon Arforinede 8SPEEYy di vi di ng
sanpl es aggbifgatdn b ARARE pARhd sMbE&IpS E4H HRQFEaRO by HividSigGhmiSs artinti Ao ut _
limtation, a nmedjian, thus creating a suﬁgr oup whose neasure is high (ie,
hi gher t hBAtheRaicabodeisRyingderninyehay wibayh ﬁ?f‘oglr?d_ g‘ﬁiﬁ?et&%‘ir%auf‘%al ow. Her-2
can be neamdfoag whyse atysuiet higd (K N1oMar theh B Medikd) lah@ghothdr fubgrody Whaeich as, for

exanple, without limtation, usi VERATAG(r) or usin ny standard
i munohi sTEEHERT 4t Hfrr%—@?%ﬁﬁ’FWBﬁggﬁEW e ‘%ﬁ"%"ﬂﬁee@fiflf‘ge.daﬁﬁgheé‘ﬁ&‘ er exanpl e,

hi ghiHer - 2s, R eaiples wehéue fiditstidnOustn g NERAT AG® br dSaigaRy hiaidaddi ners that is
greater than a, nornal, ure. o Iéllerdi honodi ners in a riicul set of
Tl o5 ofmpupPBRPS ARG et ok iilrrplet- A Ao el bk Behi mor
measur e NBYmddméetefiilionekkaa e M HEr N GoibdimBy tiveishadtienthan 4 adtnal hasoae skil | ed
in the art, H_gh Her-2 honodi ners | so refer to asure that is
greater t ﬂgﬁerifg‘ﬁfn@ BB H@'H“’Hfgéﬁ‘sﬂ??ga?np%ﬁ8ﬁpaé‘§m%thﬂtraé?j§?r§ Sﬁ‘@%l Autoff. H gh
Her - 2 homaginaEH&-2Ryhodin®dme SR may ®e detofaised aecoadingHe hny?mbtbstdaitbieso wher ei n a
hi gh. Her-2 h | ner Sﬁb roup . has.,a rel atively higher |evel og Fi‘er-z
ool mer SRR kB ol RS R TS e p ot B rreec Bl by any
met hod kngpmdétetmiea n@2adureS sich aosprEdettommsd ande Higskerartomodinergyaytaisansf er
(FRET), Bial unenescent..resonance enger r f - %’) roximty ligation
Rssay ( PLI 14 HEPE BBP T o ouied! 8 Pl i s P et et hod
that is weldtivikipaigherli@enif@lesRhbhedimenm tahendalict subfuprir-idomediaeplcey  hi gh
Her -2 horrged Ilngglrlreé By gn?/trr?elthod 56‘%1 {n%el agt suc asrﬁgo?gscé[nge resonance energy transfer
25 (FRET), Biolumenescent resonance energy transfer (BRET), proximity ligation assay (PLA),

dimer-specific antibodies or VERATAG® or any other method that is well known to one

skilled in the art. As another example, high Her-2 homodimer to total Her-2 ratio may refer to

the one or more subgroups of Her-2 homodimer to total Her-2 ratios that have measures

greater than either intermediate or low ratio subgroups. High Her-2 homodimer to total Her-2

30 ratios may be determined according to any individual quanitative method available to one
skilled in the art. In some cases, a “high” expression level may comprise a range of

expression that is very high and a range of expression that is “moderately high” where

moderately high is a level of expression that is greater than normal, but less than “very high”.
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the one or nore subgroups of Her-2 honodiner to total Her-2 ratios that
have nmeasures greater than either internediate or I ow ratio subgroups. Hi gh
Her - 2 horwoi2omwoss4s3t ot al Her-2 rati os may be det erm nedpataseaiongi2rp any

i ndi vidual quanitative nethod available to one skilled in the art. In sone
cases, a "high" expression |evel may conprise a range of expression that is
very highg ere
nDderateIy%%%ﬂ%mBQQ@§h%%(ﬁ%mgﬁgi%fgggP@%m%ﬁ%taygg@?§§?§¥&?%§naﬁgrnal but

| ess t hanptoydeghdi¢igh" . Exanpl e ranges for high (including very high and

rmder ately h' gkl)locl_e'ﬁalte'l hxgt)f'prn%ﬁhl@%r Ah@rmilaRkh A8 dsdd e RinNreferdMBd &leadu! ¥ hi gh”
"medi unt’ or "interne as used herein, refers to a neasure that is

great er t Hahis gfeaigr tham dOW”e%Pé leshiAn veaY Shighyi Kghiexanmig, “igterpsdiase” maybe ssefedi at e

may be us?oddegé?lbgg%r'np)?e ke e@'iea;{f@rs ﬁgcgupg gt 81 i (BAR1ddR 2P OF QbHRSed hat fal |
in the mddl e range of measures of honodi ner to total Her-2 ratios.

"Li kel y t@fHera?shOH@é@eh@rt@‘PWerrzéﬁfé}ss to an increased probability that an

item object, ‘tLhké'Sgtoo’ras R&H RORinWefeks tQGElﬁEreas-g@Pr%baUllﬁy faEangkABj&t, @ subj ect
that is likely to respond to treatment with ast uzunab has_an i ncreased

pr obabi | i thingafr perad6H@CeHE: Thys.tit engtexaprie, wistect halsis likbhigBesPeddPi ve to a

r ef er ence o SihkR Glith YastBFufidP h&fan eRiaQQpRobabiliQRBrespdddiny Rttai@nehith refers to a
time measure that is greater than nornal, greater than a standard such as a

pr edb? er nitpsEuRRREIFIES 1 refere IS SRR ONEAMA AT SIS is rel atively | onger than

anot her subgr odRnEP aSkE@heréiRrefeX TPHifle meAstid tha REGter than RorR@l bR&Er S
| ongevity, a Io,bcg time progression refers to tine progression that i's

| onger t h&nn A stARfarduch ISRl EpiBRRUITe Qe REPURMERYE M3 BEHEYEY on i s | ong

or not manp& wataRsRer @ﬁ%rcﬁ&? %ﬁﬁkd" GorteRardply, vﬂﬂltrgébgct @v/Apariaddls@ordgovigne skil | ed
in the art. Long could in for exanp no progressjon. In one

enbodi rrentong"‘F’Srﬁfj)grels%?‘brﬁgerstte)“%}e P’foﬁ@“t‘?t’aﬁlat ‘Ssl‘”@%eé@f”é? Rafhe nedian time

cour s£2 1 egidbfe®ibnl WheerSi teiY frbgassion M&blor et r@%ﬂekﬁhlﬁedﬁb&ﬂﬁﬁﬁo angOW' is a
termthat refers to a neasure that is Ie? gm nor nmal | ess than a

standard 8gtRd awilablsioenesiiiiediimiby aftd oag Faridinclde fs GXARRE ARBOEFS Phat i s

rel ativel yn dr@embbdiABnt2NE N @dferS t&gtn@yﬁaamgsm&hanﬁwmwwm@aou}saw Her - 2 means
a nmeasure of Her-2 that is |less than a normal Her-2 nmeasure in a particular

set of saffghid B‘fa%%tlﬁféﬂtt?e‘ttﬁ‘a?“}“s‘“ adisedenositive. A normal Her-2 measure
may be det er m Aee acLRmMUihBg feR @R heiRichR 1saés§tﬂaﬁi.bd>tﬁ1at, @sOMhen £§(:iddhxﬁd in the
art. Low Her-2 may al so_nean a met hod that l.es a]n aléa(%r termned
meastt e, Si5EAS yR'© t‘iﬁ?’@’ﬂ%t”é?sﬁfer?éa SYhgToYP fmeagupsy ‘t—lésrreé“wg?ﬁ/ °sgt eﬁ a measure
wher ei N asbemupiicasdres BRIk ahtle, lEv HaLmeaﬂebmehsnwmhamaa@qb@hman subgroup. For
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normal Her-2 measure may be determined according to any method available to one skilled in
the art. Low Her-2 may also mean a method that is less than a predetermined measure, such
25 as a predetermined cutoff. Low Her-2 may also mean a measure wherein a low Her-2
subgroup is relatively lower than another subgroup. For example, without limitation,
according to the present specification, two distinct patient subgroups can be created by
dividing samples around a mathematically determined point, such as, without limitation, a
median, thus creating a group whose measure is low (ie, less than the median) with respect to
30 another group whose measure is high. Her-2 can be measured by any method known to one
skilled in the art such as, for example, without limitation, using the VERATAG® method or
using any standard immunohistochemical (IHC) method such as HercepTest®. As another
example, low Her-2 homodimers means a measure of Her-2 homodimers that is less than a

normal measure of Her-2 homodimers in a particular set of samples or patients that is Her-2

-15-



di vidi ng sanpl es around a nathematically determ ned point, such as, w thout
limtation, a nmedian, thus creating a group whose neasure is low (ie, |ess
t han t he wedbmmg3awit h respect to anot her group whose neasurus2019/0ki2gh. Her - 2
can be nmeasured by any nethod known to one skilled in the art such as, for
exanple, without limtation, using the VERATAG r) nethod or using any
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sanpl es OkyhBrafni 8B $let-D BEmdEMEIRUbRRPSE fela¥iGely leSithdieihoBeriab@mslipHES: MY al so
mean a neasure that is less than a predeterm ned neasure, such as a
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a | ows Her redo@banahbigR kraSsetdd Qr ra, BxSlufn@ﬂle@c’Engx@ioYlaﬂc@Sﬁeré}haiﬂsfaﬂ'(BREQ’)‘ subgr oup.
Her -2 honodi ners. can be neasured by g;\gr(qbi 00r kno i t he rt such as
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ski | | ed i Ropetimgtp totah Hlebs patin may xsferip the ong o pqrg subgropps eh% OpSIPL a1 Her - 2
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Her-2rat e nmeas s.less than either internmediate .or. high ratio
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accor di ng ghgnitaig nefdid di4ildeik topnaskillat in we afebhaghlcauies fobloey tatieosfHesRi | | ed in
the art. Exanpl e range L | ow val ues of Her-2 expression are provided

her ei n. Ae’qﬁf?ﬁ‘@{’:ﬁregfo dg fhereins ysed herein, refers to a nolecule that can be
di stingui shed Ar ﬁﬁleeﬁlﬁleﬁg,’mh@@weﬁem bigeth aafolen tht caitfealisihyssheddrom cheni cal

or optical dlffe es armn the l.e ub n rated | udi ng but
ot T ¢ GO RO TR0 PBIFSE e TS LB e o Lh S .

sol ubj | i t ynolepidas bemgdémﬁdmbineluﬂfylg bmrmaflgmedcds]aregﬁ{phaSm maixixt@,,mqﬂenlumn ty or the
like. In one a ect

e r
el ect r ophdFishh & aﬁ%ﬁ?ll’tﬂ)‘}’ ‘gﬁad %?p%géf’tydgfa 3 Hl Fge)érﬁgsrrﬁé? 8PS b |°{:{ahe:ia{lﬁed can be
separ at ed Ilbyheakpet me]ahﬂare@s $na lblmraany@t kuemﬂasmetebtxopmiee@mblahtytamg@tmﬁ a
plurality ,or set

sol ub| pKa,
Ry ophob ASFET Shategets g sap Pe Py bEHe SRt S RBR iy SRet MeletMiast o
reverse phasm aqfflrljty boset mx;cdnﬁmgsrridl%bﬂar voagiit, Ish@eysombem plﬁa‘,hr omat ogr aphy,
mass, spec 0 aphy or e techni "Opti mal
cut o?qs by(ﬁ%@(‘]g%@?’ géiaﬁgep g?ret?' Cag? & %rg b i rmaf BFEFet e a%? nmeasure on
subj ect s &®h{Chioh exngange HPACncaptllaryi eﬂnatraﬁlrdlﬁBaIgr@hj/ mvasst dpective®by,@asgrasen nat i on

bet ween t an attribute. For exanple, finding a value for an
opti nmal \S@gf“% r%% ?F%%hnbu% to best discrimnate between two categories,

hi gh H2T expr e3ptional andf {apuseHBdreixipfeesss ittrvalue of a predetermined measure on
subjects exhibiting certain attributes that allow the best discrimination between two
25 categories of an attribute. For example, finding a value for an optimal cutoff that allows one
to best discriminate between two categories, high H2T expression and low H2T expression,
for determining OS. Optimal cutoffs are used to separate the subjects with values lower than
or higher than the optimal cutoff to optimize the prediction model, for example, without
limitation, to maximize the specificity of the model, maximize the sensitivity of the model,
30 maximize the difference in outcome, or minimize the p-value from hazard ratio or a
difference in response.
“Overall survival” or “OS” refers to a time as measured from the start of treatment to
death or censor. Censoring may come from a study end or change in treatment. Overall

survival can refer to a probability as, for example, a probability when represented in a
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for determning OS. Optimal cutoffs are used to separate the subjects with
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i nt er changeabl %egﬂ‘@% éﬂs?e“?ee‘f“étF ¥o RFﬁ% g red | %‘@?gif‘bl}ﬁ?nlﬁggghﬁﬁfef Bul ar

capi | | ar ythetige int@pi of £fdriscue adpillas] digtrapholdsis peak ufsing@ﬂbﬁﬁqemm&swﬂbd s in

conparison.to a standard. Wth r ect

propor t i oWAf 'WCSHEPWéSOBg%%Séﬂ‘F?rQPW Bﬁr CC%M@% %Fltl gé’r(ipﬂ‘it‘(gnaégﬂpl llary

el ectsr ophihs m&tmlédbfsmmmeﬁ@éd\ms taplilalyi digetrbptoresid wdthdortwyexpéaed exanpl e,
injection a "Re k area" or "RPA" are used

d.ca fferences. a
inter chan%j‘églﬂll 'ﬁf?&u%eﬂﬁﬁ of RPpley ijection ap ?alpglaﬁ’e‘ﬁ%égﬁe an RFU of a particul ar
VERATAG(r) andRantifepdalodre£ of MREWI” dretbid hﬂérclfahgt@bl@&ﬁd&sfh@&rﬁéramﬂafado of known

T D R
subj ect tdanidirdaf kiemin and tdns@anthdefice@tragionh.l Ng agent . an exarrpl e, a subj_ ect
resngrcs 10 UL gl TR R0 LR R e R Pl L
nore. | n lendi, hefer teﬂmrmlceqn & asuliijce bttrenmponitsa Ho-2-aceng agent Anat h a
gg{y; 2- 4800/; | nxgg)a %)]][e):ct res on 8eo[ téera{r{,‘nerr]le ?lbsﬁbh%%ttingsaggﬁtq gsrowtx offSl ap {1)1 or 1?10{916 10% 20%
subject is retarded about 10%, 20%, 30%, O% 50%, 60%, 70%, 80%, 90% or more. In
another example, a subject responds to treatment with a Her-2-acting agent if a tumor in the
25 subject shrinks by about 5%, 10%, 20%, 30%, 40%, 50% or more as determined by any
appropriate measure, e.g., by mass or volume. In another example, a subject responds to
treatment with a Her2-acting agent if the subject experiences a life expectancy extended by
about 5%, 10%, 20%, 30%, 40%, 50% or more beyond the life expectancy predicted if no
treatment is administered. In another example, a subject responds to treatment with a Her-2-
30 acting agent if the subject has an increased disease-free survival, overall survival or increased
time to progression. Several methods may be used to determine if a patient responds to a
treatment including the RECIST criteria, as set forth above.

“Sample” or “tissue sample” or “patient sample” or “patient cell or tissue sample” or

“specimen” each refer to a collection of similar cells obtained from a tissue of a subject or
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appropriate neasure, e.g., by mass or volunme. In another exanple, a subject
responds to treatnment with a Her2-acting agent if the subject experiences a
i fe expewoanoyssetended by about 5% 10% 20% 30% 40%CTAG210021202 €
beyond the |ife expectancy predicted if no treatnment is adm nistered. In
anot her exanple, a subject responds to treatnment with a Her-2- acting agent

i f the sublfat TRASURR of ME RS thpRi n%E a3 Solld 1RRISY i¥in\edlesh, B¥Smahd/osur vi val  or
increased tinme to progression. gevera met hods may be used to deternine if

a pat i ent PReESYRdmaRan Ohissue FBAIEPE ROPIYIE PRHREPIR M RERIeS copsiifusnisia as set
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cell or tlssue sanp or "specinen" each refer to a. collection of simlar
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nor mal geetg ression. \Wether a g}(/ l§ro@g}re55|on IS, rt or not may be
det er mi nelfSHBFLEMAGT §me AQPriratgad 10 AFEYAP t?vﬁntcfﬂgccélklnlal FFn the art. In
one ggrbodi ment As usséidrin, ‘cighificant benet shliefet iaah event InaRatiénra distdaethamdi an tl me
course re uired for a.siqgnifi .eyen to seas

or e, - iRt SR oo T R Rl oo e B idaor or sease

that is i Bmfplaawtthmllﬂﬁit&hmrm&ﬂy duygnoﬂe, dsd¢h, Iréoadenca, thdrketeammandixaaml es of
significant gt\/s[e(ﬂts i.nclu
a

di agnosi sPa§ Seasreé%‘af‘tf’sgﬁ% egf’sf‘?é’>f( g%%glﬂrﬁ ‘W%ﬁe Oﬁhiet?é(fgregslgb?&@ﬁﬁ eng e d| sease is

met ast at i diseaselr@apaey @k oathp abdve nbted stahies @amethar Atstreifjosan gveassayoe 2y a

tignt's. di f b t ther. A
C i calRPoBaRATTh ety Or s TR Chips Riied of i aeepb e BR¥ITE 1) or

usi ng t heaREGHBhedby @tehkaﬂledmsl}mmmse cri terl a as det er m ned by one skilled

in the art. As,use ere the 418 bj.ect” hoar used
i nterchangeabl@S usﬁghﬂggc}hehfg ﬁUbJetC?] gl ?a%e t %rﬁtl)ljseec? ﬁrc a'%gu‘%f ects" refer

t o an ani hatin, the ©fneraitjaet’ Eandﬁmtmbts’f ek tmchnragmal ipcefiergily mﬁlﬁmébn@udm@_ cow,
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25 sheep) and a primate (e.g., a monkey, such as a cynomolgous monkey, gorilla, chimpanzee
and a human).

As used herein, “time course” shall refer to the amount of time between an initial
event and a subsequent event. For example, with respect to a patient’s cancer, time course
may relate to a patient’s disease and may be measured by gauging significant events in the

30 course of the disease, wherein the first event may be diagnosis and the subsequent event may
be metastasis, for example.

“Time to progression” or “TTP” refers to a time as measured from the start of the
treatment to progression or a cancer or censor. Censoring may come from a study end or from

a change in treatment. Time to progression can also be represented as a probability as, for
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sheep) and a primate (e.g., a nonkey, such as a cynonol gous nonkey,
gorilla, chinpanzee and a human). As used herein, "tine course" shall refer
to the amwonbioas3iesme between an initial event and a sulpsegsenw/oenent . For
exanple, with respect to a patient's cancer, tine course nmay relate to a
patient's di sease and may be neasured by gauging significant events in the
course of effgidirsERsRin-MIRE Blotwhdietithé foﬁarrogee\égm mﬁeaﬁépﬂaeendﬂhagﬂawlﬁy and t he

subsequent event may be net asta5|s for exanp '"Time to si on"
"TTP" 1 ef BFigs Pr@grassmnrﬁée quer gpadigylardingey @?ﬁtt‘??é’eg‘ﬂéliett“‘%ﬁbef‘??é“ fhﬁé'agﬁgﬁf to
progr essi @eat@entaoﬁag}eﬁrongfc@aﬁsor Censoring may cone froma study end or
froma change jn treatnent,

to progressjo a | so be represented as
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particular tine, at tinme bein etwe(fnt he start . of

t r eat ment VPYMp Bat@‘éiéli‘eoer’fp‘fﬁtedéérr‘{ Gft‘me” GT‘JrﬂéeaSPEJ“t'af‘ imFeA Progressiny Oéf}}‘?er for ns
of this wamehroetherlikd. 0 the adm nistration of a Her-2-acti ng agent to inpede

grow h of a ca use can er ta.shrink b or.volume, to
extend the expe[grﬁ’éﬁly%rr?/%é‘?a?ﬁcﬁése ProbpRul “%@!ff@b‘iveénlée”bg ?trFémESr progr essi on
01;] t he t upBonOFilllober kvhtk&.spchMaK&Eﬂeycet Dhus) aESﬁxBJI’e& tlia01samﬁl&¢y teak&ﬁd)dm obability

t hat _an event, ect, .thin Wi th respect to a
o et Ence hestia Wil et E ot f Sl PRers gt ul drehtRlR: w oh
pacl it axeko ttdatrﬁeddwtth pudlifage] bl BisdstuZuhablye hing t@.a edssrrasdibcpir@papiofi ty of

r espondi ng to treatnent with paclitaxel and trastuzunab relative to a
ref er ence ™ ®WHect or group of subjects. Thus, enbodi ments of the invention
provi de net hod$h1fspermbdelheﬁt@ioﬂihagwameh peivida nethojiefot derdrinmi varthees s |ikely
to respond  to, treatnent and/ or edicting a

time cour SEISHVHR AERER S IVH%&ﬁyg? reépaﬁlfigb%eﬁﬁlilﬁn?&t@?ﬁgr' EiGRe s aﬁ]fl/ ngf’ént in the

ti meizour pediofing theaarst of (ﬁseﬁsbbljné/ot a probabilizy efantsificadtrvaeinttad timenbodi nent s,
t he met hod cor&&: ses. det ect i tg DL glaehl m{m{: eng at |e I’(l) ofmbﬁsgsrrar kers
associ at e ?%ag?)’(’}r?ﬂ”?)%cﬁ& ac%f’ CHEREPIIYRCTS HE T od PTG agent as
descri bedd&iettiag Ibloallaﬁed&tcemhﬁlﬂlolﬂ@fh{ﬁmhlﬂie's agsb@atedvjtteespongvdnedsed y to respond
to treat ntvvlth n n n certain.enb

net hods ﬁ%?’?‘%é“taé?{%& mmgé‘g%nt %%eﬁ‘%% E%errel%oﬁgd HEMUE oé)q}belrofcrﬁu eecrs and

predicti ng; I&eltyltmspmdltost&aaieamntlamaeHenmatchngmgagrlessztannermfoddmmaa&e or a

probgbility . of a si.gnificant .event in the.ti rse of ease in a
subj WO somRpst ‘He“‘“ & DAARERY O CREIRHY LR gk o reg“’f QMet hod for

determ ni n@rmhemd wits pbgesdlon of disease or a probability of a 51gn1ﬁcant event in the
time course of disease in a subject with cancer.
In one aspect, the invention is drawn to a method for determining whether a subject
with a cancer is likely to respond to treatment with a Her-2-acting agent. In another aspect,
25 the invention is drawn to a method for predicting a time course of disease. In another aspect,
the method is drawn to a method for predicting a probability of a significant event in the time
course of the disease.
In certain embodiments, a time course is measured by determining the time between
significant events in the course of a patient’s disease, wherein the measurement is predictive
30 of whether a patient has a long time course. For example, in a preferred embodiment, the
significant event is the progression from primary diagnosis to death. In a preferred
embodiment, the significant event is the progression from primary diagnosis to metastatic
disease. In a preferred embodiment, the significant event is the progression from primary

diagnosis to relapse. In a preferred embodiment, the significant event is the progression from
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with a cancer is likely to respond to treatment with a Her-2-acting agent.
I n anot her aspect, the invention is drawn to a nethod for predicting a tine
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enbodi ments, the mnet hompnﬁ)_ri ses detecting i.n a bﬂlﬁgl ogi &:r%lt anple fromthe
subj Bct's cancHPstker3 igentpsdhe 1BVeRHe) PPHESS MSTREHGGPRETE Mherein i f the
amount  of reld@ike Rvanshiey antdantof al1e4¥pélierE Her-2 6r Hdr@hombliarrstine bjphigiceint is i kel y
to respond to the r-2 acting agent and/or the patijent. has long tinme
course. THTWe from g gbjegs ‘ﬁ‘?}b?r?f Oﬁ‘gfﬁfé",ﬁk“g{é"’f"hé‘éﬂt"? eﬁto‘ﬁﬂfﬁsgcé@t?‘ret hods to
corr el at etrédifent @litRh Iée2 b@mg hgendfoniphisingmuidtectddy iak blobarhl sample Gbmiter - 2 or
Her-2 honodiners in_a biological sanple fr subj.ect with a prognosis for
the | i kel MRSEE BRSH thFﬁ%“’%‘ﬁB?*&if‘ta“\/ﬁ“? gpfﬁeéép"é%g]'?l%‘”{‘?‘ié‘ﬁfrﬁeaﬁ? CRTEE M)
actirg agéehmeepf H&ig He(-2 holedi@ers kagprbgnosis bir dledifield@mbd shamnied aabfectom t he

subj ect's ﬁfncer t he amoun %% {._Eg?st Lone of Her-2 or Her-2 honodi ners;
and (b) cB réTpﬁP‘dere?tﬁ’@nta‘HB\?g[%er' PE2 5r Her-2 honodi ners to a prognosis
for the |ikel ilaQethit éhaodidients,ubjheamhoutt bf the dqaatrvde bxthé Heell ordler-2wi th a Her - 2

acting agent. In certajn enbodi.dnent (f the amouynt of th t.l east one of
LTS, 2SRt STt SRS TR K P BSE ho oy B b

I'TS reshol d | evel,
t he subj egtrespolt 1o GHedEirS abténgtagerberdditioablly dndior dpaticklyt, if thewmddetrofZheact i Ng

sherly, ASELLL S DS ShASLARSL Kty DS S ot o2t on
| evel hi ghighertHaarhetthe tiréshsld l1dvhl ts kadljdt’s progdosististe bs uldjkelyttd sspndgribsi s is to
be unli kehgr_i gcti5§§ egtnd to the Her-2 acting agent
Also, in certain embodiments, a predetermined measure is created by dividing a
plurality of subject samples into at least three subgroups, wherein the first subgroup
25 comprises samples having the Her-2 or Her-2 homodimers at a low level, wherein the low
level comprises having an amount of the at least one of the Her-2 or Her-2 homodimers is
equal to or below a first threshold level, and the samples having an amount of the at least one
of the Her-2 or Her-2 homodimers equal to or above the first threshold comprise samples
having a high level of the Her-2 or Her-2 homodimers, and wherein the samples having a
30 high level of the Her-2 or Her-2 homodimers is then divided into two subgroups, a very high
subgroup comprising samples having an amount of the at least one of the Her-2 or Her-2
homodimers equal to or above a second threshold level higher than the first threshold level,

and a moderately high subgroup comprising samples having an amount of the at least one of
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Al so, in certain enbodi nents, a predeterm ned neasure is created by
dividing a plurality of subject sanples into at |east three subgroups,
wher ei n twe 2biwmBs463ubgr oup conpri ses sanpl es havi ng t heprEgros2o1on21der - 2
honodi ners at a low |l evel, wherein the |ow | evel conprises having an anount
of the at |east one of the Her-2 or Her-2 honodiners is equal to or below a

first threshldol A48 nonfRfhdNGe@ Mh 8FedhaMb AR A AR BIcv@land RS Bdn | €ast one
of the Her-2 or Her-2 honodi ners equal to or above the first threshold

conpri se 8Smdpiléathesseprdthigshpldievdlevel of the Her-2 or Her-2 honodimers, and

wherein the sagphiesisRaiBg, id cdHadlenlBY¥iglen@fthd Heoukiesrir-ohokdimers Romodi mers i s
then divided into two subgroups, a very high subgroup conprising sanpl es
havi ng anM&#EieA Usipg an 4588y £Rpaple 96 Megsndngydiopguapily ing ap pmeRst obPrefgifndi ners equal
t 0o ors aboygtedh mRELMs il @apel d | evel higher than the first threshold Ievel,
and a noderately high subgroup conprising sanpl es having an ampunt of the
at |east one ofit ¢rEtajesmbydipenisent eachnf thsanereds of fhepresentimientiy Mighual to the

first threshokghrtawalis ARE101E55> bbn 1.98-18@Yaln EptainhentoemAe dfbidsrol d | evel .
As di scussed herein, in certain _enbodi nents, the anbunt of Her-2 honodi ners

i s measur B8 MEShqdy dplospdstein fsdishetiesr? GPASHPR AYTBITET BPTEHaR e §i ng an

amount of vy al Bl ABLPEBHSate HIHEEAQh c&¥iSn bb&iBaiPbfoacl Hf ti€hkabds enbodi nent s

of each of the nmethods of the present jnvention hi%PHer-Z expiressi onis a
ts

| ogl BT diselptsdihereiny shepvenyoiieh HRr-2 graressian sigal it tE8tr-dF Phe net hods

di scl osedchairémbodifiétdbdacHEthZmexpdsahsldRbd B8R, ths Asdaxplasg on that is
very hi gh and/or noderately high. In certain enbodi g,ents of ea%}%of t he
met hods dPEFSORE Ve 4 nb2v el Hi-gh! 1 OBerdRpges S50 9 SR £ g1 O2T >

about 1. 8fhorelorddss ad fesCigddderi Mg e MR depdigaghn @e gatient ¥Blkdr0hg/odi scl osed
her ei n, tt}l'eﬁ rmg_eratel hj gh exgrr ssion is between 1.14-1.25 and 1.84-2.21.
O, ot her thegiggdicagtevent beink mogitanst 1 2506 nore or | ess as described herein)

may e used depeBEHiNgnbhadientsiBe patiradBres0daater. IaBEhedmbobigneais ghd resant event
being nmonitored. In certain en‘godi mstgtg, t he cancer is br e%st cancer. In
sonme enbotANREAt Betalie. hsuBETmRoLiReals: 18 e AP BT FAESdbiretBYBBYI ment s, the
breast capegit cdnSere@f, by Gha@gtafhaytbe serd@djivbrantter-baaaghgmamaebe O, any cancer
t hat may ive to a Her-

be .sensi,@t . 2 acti ?g?m ma?'/ be noni h{g{.ed. The Her-2
act i ng agBATHy 1HE HaRy ABE nLind Bignu B Sing o4ear Inse e BRBBHAERY s, t he
Her - 2 act tha@leagadting agen0R @nddf thdvgegaddtribed @acin e dxdiple intertior exanpl e, in
certain enbé) L ment ]il Bff’h? Her - 2 g.ci’i nl?l a%ent is trastuzumab. In certain
embod menfBPSMRL R BE-{ ALNE AR UPA% i nvention, the noderately high
Her - 2 subgr oupinicertdingriod imentstad each detle mathodssafldgriouepisont thaimoderpeie higzhat | east
one ot her Her-2 subgroup is further subdivided into subgroups that express at least one other
biomarker. For example, in some embodiments, a predetermined measure is generated by
dividing the Her-2 medium and/or Her-2 high samples into at least two subgroups, based on
25 the level of the at least one other biomarker
The at least one other biomarker may, in alternate embodiments, comprise at least one
of FOXM1, PRAME, Bc12, STK15, CEGP1, Ki-67, GSTM1, CA9, PR, BBC3, NME]1,
SURV, GATA3, TFRC, YB-1, DPYD, GSTM3, RPS6KBI, Src, Chkl, ID1, EstR1, p27,
CCNBI, XIAP, Chk2, CDC25B, IGF1R, AK055699, P13KC2A, TGFB3, BAGI1, CYP3A4,
30 EpCAM, VEGEFC, pS2, hENT1, WISP1, HNF3A, NFKBp65, BRCA2, EGFR, TK1, VDR,
Contig51037, pENT1, EPHX1, IF1A, CDH1, HIFla, IGFBP3; CTSB, Her3, DIABLO,
VEGEF, CD31, KDR, or p95.

For example, in certain embodiments, the moderately high subgroup is further

divided based upon Her-3 expression wherein a high level comprises having Her-3 equal to
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bi omar ker. For exanple, in sone enbodi nents, a predeterm ned neasure is
generated by dividing the Her-2 nedium and/or Her-2 high sanples into at

| east twoweubgressyss, based on the |level of the at | east pomasediomri2ibz omar ker
The at | east one other biomarker may, in alternate enbodi nents, conprise at
| east one of FOXM, PRAME, Bc 12, STKI 5, CEGPlI, Ki-67, GSTM, CA9, PR,

BBC3, NVEL, ab%b@/ﬁrs%ld 1EFdRend aﬁBW'leveQ% iséPRdWWit HERBIR IR the ﬁrsc, Chkl, 1D,
EstRI, p27, CCNBI Xl AP, Chk2, CDC25B, | R, AKOSE%%\%{ R£13K%A TGFB3

BAG |, Cythapld kpebaud Weeine subjes with mfatew*% levely I-2BRCA2,

EGFR, K and%er—@&%ks%ﬁé%lev@ﬁer 3 %Fﬂﬂ&y to tekpod tcﬁﬁl‘ﬁ{er—i‘ﬁcﬁhgﬁageh@:ch’) CTSB,
Her 3, DI ABLO, VEG-, exanpl e, afeﬂ_ger &L}?ﬁr nbodi nent s,

t he noder%ldéﬁry’hﬁle'@f‘i‘ SE@BC@P’V&Bﬁ’oid%ratFUrhE%l?é?WHlO\f/fhﬁéHeﬁh%@ expr essi on

wher g N agifie@nd BYE e RIPHESES uhidkeiyny Idseliked tﬁ(ﬂéépdndtt@ﬂné PBbDH@m@. first
threshold |l evel and a_ |low | evel E‘SFE” ses havin I ow the first

t hr eshol d2gedly eYVhers Har-hidneasusedy the E’Eer‘P%CW‘g?SE? é'l3yHT{ g}}‘l’ml0 VEfs of the
at | east mrm@wg,damg@rg Her-22edsyrers and low | evel s of Her-3 is likely to

respond to the Her-2 actjng agent and/ er.ei ct with noderately
hi gh | evel s ofnefigingmiodients tﬂ‘éasﬁﬁr@ @erg?ﬁa% ‘twr\/w‘%@g?S% & hi gh level s

of Her -3 ¢cstatdRibE@myntONikE18SS td relqﬁiny istrBeablR&P@ittresRctith everigrsuR ivatiateng agent . .
Where Her-3 is neasured, the 5@% Sg[x(gro ssion conprises Her-3, Her-3

homotd mer &M BrPregagssian pefas usipg e OMCLEEFROBIEGEITSY 1 certain
enbodi nent s, tlheemsaxybouﬁnemerﬂaememh suintplised MetvERATARibogias Sayple fromcer t ai n
enbodi nmen keliness to re t to overall

a resp
sur vi val é‘&f‘é’lec{ i fACY Jregmaypie ﬁa'g?f’&?%?fﬁ%rp?@n?ﬁghﬁgﬁll Bougt Her
response géid ﬁfd!oﬁHeﬂ-Dh@ﬁd’cﬁrﬁérﬁhs@rfdd&dlelmfghs(ﬁ gt medinm}, ted tleeagint §IGSp det ecti ng
in a biologi ject's capcer,the anmou . 2 and/ or
Her - 2 hon’BgW%"}”EE‘iﬁﬁn@’r‘g ‘rqe ‘f“"ﬁﬁ?@‘i L?ﬁ’?re%?rsléfé Offgﬁg/eé?re%%rﬁ Iﬁ&nom)dl Ners is
nodersat el ymividghient, eh@patienedihungderatelyetigh He- mﬂﬁoeﬁér-mcmmplmm/anbdaow Hert her
sub-divid d 0 high, Her- essor.s ressor In this
embodi nen l'ltkalé t"prﬁfﬁ%ﬂmo tb\ﬁ" ﬁﬂ%ﬁ‘&a&?’g a?‘?}ﬂrd%%p%% aalﬁ Pme f—?élrsegl horodi mer s
and | ow I-Eferna& drﬁ)odilinléﬁk,yhdIQerB&&mﬂdrstcm tehexpidesion f dlet-3 r}@ragembdlamlj or the
pati ent has% /}8”9 n@ course. In alternate enbodi nents, the Her-3
expr essor & L& 5L BISPU0E 0on of Her-3, Her-3 homodimers, or Her- 2/ Her3

het er odi mer s. Ihrere@r érﬂioﬂm&mb@dmmnh@ @th Hea st Hag), tlnﬁahceHer‘ozeaamather 3, the
cancer i s, breast enbodi t he, br ea

met ast at i &.5°PR 613}3(?1 pet 5:1%1 58 fer%% NEEs lf e tzgg:géltm}beé%bo ’men%s th% %@%sg[ algz (i.
adj uvant ) cdates assdarlg staged(i.c., d0fuvaio} breast ddacer. Orsahg iHer-2 eersmmceimsersrmyy e
monitored. The Her-2 acting agent may be any Her-2 acting agent. In certain embodiments,
the Her-2 acting agent is one of the agents described herein. For example, iln certain
embodiments, the Her-2 acting agent is trastuzumab. In certain embodiments, the assay is
25 performed with an VERATAG® assay. In certain embodiments, likeliness to respond is
measured with respect to overall survival rate, time to progression and/or using the RECIST
or other response criteria.
In certain embodiments, a predetermined measure is created by dividing patient
samples into at least two patient subgroups. In certain embodiments, the number of subgroups
30 is three so that the patient sample is divided into a subgroup of patients whose Her-2 and/or
Her-2 homodimers is very high, a subgroup whose Her-2 and/or Her-2 homodimers is low,
and a subgroup whose Her-2 and/or Her-2 homodimers is moderately high (i.e., medium).
Each of the sub-groups can then be further subdivided into a subgroup whose Her-3 is high or

medium.
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nonitored. The Her-2 acting agent nmay be any Her-2 acting agent. In certain
enbodi nents, the Her-2 acting agent is one of the agents descri bed herein.
For exanpWe,2oidos34ert ai n enbodi nents, the Her-2 acting &gents2019/021272
trastuzumab. In certain enbodi ments, the assay is performed with an
VERATAGr) assay. In certain enbodinents, likeliness to respond is neasured

W th respect tﬂeré&@f@'Her-@%BMbdﬁﬁlkrs'hﬁ?@e tigHtRokatll O WASEI IORIABCHSN. USi ng t he
RECI ST or ot her response criteria n certain enbodi nents, a predeterm ned

measur e i Shusriageriain gypodimenttiohepchat the methedsipd the oreseif HivertiopdasamaiPi pat i ent

subgr oupsHed Narfaf Hai-Nh&RERHEERNhSsubjelt@rd VamBaEd Bfat B GAOMMIE Vel High ee so t hat
the patient sanple is divided into a subgroup of t&ati ent s an)se Her - 2

and/ or HetubgroHR fsdnGrsaiely el wbgropy, ghthe oWeyyBgP e if it Hen2 apdioror Her - 2
hogocti rrelrﬁefh_ﬁhdnma@m@m i patEE bR WD WREE Gidheimd2h e 30k plagbrs Ard TOWRENTEr S i S
noder at e i g

h (i.e., nmediunm . Each of the sub-groups can then be further
subdi vi dete Paitest i3 ighnigreapndin 6 Sk fagting ageat Wdé’hgk‘i%atr‘?é‘g’isll}ﬁ%l'ﬁ’é’aY%%el of Her-2
honodi mer pngBMe bsurdel 1§kielayhoGRIoF Bkt 8d/ck Blet N Borhdirddrs In@Negakisnt@fe Her - 2. Thus,
in certain enbaodi nents of each of the n%t Hod of. t he {(ésent i nvention, the

ghi Hentae !

anount of Mpgsrately ighyagd thedfer-3 cxRIBSES AB M RS Y& E¥EPed to at
:east gnea Bér-4 ﬁﬁng@g’em dfn'u@hthsp?grggupkzembaﬁml_g@tiﬁb %odns'egt_n csmg!’ouph or the
ow subgroup. . t he anpun r.-2 and/ or r-2.ho iers. in the patient
are foder %f’f‘lgﬁdﬁf“el’?fsgtﬂ? R f’{ﬂ%‘gﬂ@?ﬂsés ST e HY g ! }'élqgo%?hot”ﬂ@ﬂf?af‘ﬂ’é pat i gnt i's
| i kely t othfe@ S@spRchpt, Goud sktigfougs, @0t subgroagsaind sir Bebigatupd. lecepainiebbdimsntd, | kel y to
have a lopg.time course. |f the anount ofﬁlé—ler-.z and/ or Her-2 honodinmers in
the pati oHREIASSS EEREREis megrurd gt TRner forfa ol rers VP diedp OB gh.  t hen
t he pati esid/or ssibithe RECIS T WitdraSA@AEhit fre@rréddmbddiachis e Hepedctimghabearis t he
patient is likely to have a short tine course. In certain enbodi nents, the
nunber of“?ﬂ‘ﬁb‘?ﬂ%ps is greater than two, including, without limtation,

t hr es subgr oups cerfaidmipdDEHBLHAS preddtarminsdl igasorepsaraptimal cateliBgghoups. I n

certain enbodi s, |.ikeliness to respond.is nmeasured with respect to
overal | ORI ER s atedief bR sh ek B B PR B ofng 4 ek eT
criteri a. intlndecaiduais thapire hgir6adate pixbelani@nts Syentidred ket diRlcaat hengn. &gent i s
trastuzumab.. I n.certagin enbodi t h det erm ne asure i s an
opt it ot BPEmosiRy DR o7 i Befe SROEhit RER MRS co, tai
enbodi mentmnpafed tdiie bptin@ihtutoffi iftheammandf Hep-2iand/biidke-2dowdinsrstintie ar e
approximate to the a nt.s. nmentione i scl rejn.. In certain
anb Fon GrranrBli et e R e S R e PN

i ment an iImers”in e subject are
conpar ed paietithielikeytto rapondud oHEr-2 acking dpentcandionthe pdtiehieyr tinZe @nai¢é oriiktgto 2

20 ;_rzfj Il rrgggeallﬁrgg nh%xﬁgg}t elélieb%bﬁ%‘f? i i lhegaﬁr{‘o%aitt:olf ¥Ier@. %%ig(h?thgﬁ the Ba‘int}e\rllxﬁse er?ybtgm
respond to a Her-2 acting agent and/or the time course is likely to be long. In another
embodiment, if the amount of Her-2 is high, and the amount of Her-2 homodimers and/or the

25 ratio of Her-2 homodimers to Her-2 are low, then the patient is likely to respond to a Her-2
acting agent and/or the time course is likely to be long. In another embodiment, if the amount
of Her-2 is high and the amount of Her-2 dimers is high, then the patient is likely to respond
to a Her-2 acting agent and/or the time course is likely to be long.

In another aspect, the invention is drawn to a method for determining whether a

30 subject with a Her-2 positive cancer is likely to respond to treatment with a Her-2-acting
agent and/or the time course of disease is long. In another aspect, the invention is drawn to a
method for predicting a time course of disease in a subject with a Her-2 positive cancer. In

another aspect, the invention is drawn to a method for predicting the probability of a

significant event in a subject with a Her-2 positive cancer.
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patient is likely to respond to a Her-2 acting agent and/or the patient's
time course is likely to be long. In another enbodi nent, if the anount of
Her-2 i s woghio/ashess the patient is likely to respond topraThsRe1d/0art2 ng

agent and/or the tinme course is likely to be long. In another enbodi nent,
if the amount of Her-2 is high, and the amobunt of Her-2 honodi ners and/or

the ratio of wemmg'lr{%ﬁtﬁmtnﬁy%pr%eﬂ{eﬁmh% predl&hetWieBat Bl 1s |ikely
to respond to a Her-2 actlng tf(2ent and/or the time course is Ilkely to be
Wt

| ong. | n wito? pracerapdbesinfrogte a - 2inerneensfs [ieh tohavs aiggiicaphevethe anpunt
of Her-2 &Hn%@i%%/ﬁé SQPQ(Q &af aelhd@ a@;ﬁ)tldg%t sah:?lelﬂolﬁﬁhy subfecl ESRQRthet 0 a Her - 2

acti ng agent anda/ or I e course 1S be | ong. I n anot her

aspect, t#eounhefahlepsh ang of Hep-3 whHere? la)n“r?ét% alf%qﬂ) eelating th? HROURRtHEET a

subj ect wh biyg. 2'1’%51081&(%% e ViReIHBOE @kt thessubj'e&‘%\llhfhévg alsRaiteff el t reat ment with
a Her-2-acti n% agent and/or the tinme course of disease is long. |In another
¥

aspect, the i rivenembndiment.dhesignificantsvanbistgerupeshting begyeen fiagnosis tiththec our se of

di sease i &n@er%ﬁ@t%gt oné Eﬂ{brﬁlaﬁe&ag%oﬁp%f fe¥@orCetieQhncet oA BAS Bk tspect, the
invention is drawn to a nethod for icting the p I‘Obabl|lté of a
B

si gni fi campreademeedisiies PEgFE to\meﬁ%tatéc ‘i“@lasez"e & PSR etliethr ABBI exannl e,

the i nvengdQm ABYdimeHIR ileSRo kit dertHePEontpri8predibting aWRRIB@E: dirmbj ect Wi th a
cancer and being treated with a Her-2 acting agent is likely to have a

si gni% i canbicle{pepEnifieaRheyieal BB tMHe steps of : (a) detecting in a biol ogl cal

sampl e fromthgas bihb&l%e@ O SBSunt SChAI AR onObF tﬁéHérQ&ﬁHeﬂﬁﬁorﬁ(ﬁdnh@E or
Her - 2 honodi ners; correl ating the anount of Her- 2

honodi ner & gyl toe b?lP‘Ké&‘f%g’éﬁh?lﬁ leyely ‘H%S‘%‘Hfi‘faéhﬁve%‘? qhatﬁ%ﬁﬁé‘bléaéﬁ l@‘ﬁl fi | cant

event. | Ny t@'i’@@ﬁ&ﬂdﬁ@ﬂh% Het- f‘@ctﬁlg ggunf iAGa#ibnaBly @id/orl a&exﬁatfv@@uﬁ' ad albti® obet ween
di agnosis with the

cancer _and | east aone of pri 0
pr ogr essi GR2dfast e of b Hey-2 pi sty Zd‘r?élog‘fﬁffés fqyaldo W@V%%Wé?@gw SZ‘f’]éfge
progrsessi ikl highdrehadheXiktGheilsRASR], tHeSLREE proghtsBey i bo inlde@Blibiresping0 i N
certain enbodi nents, the nethod may further conprise predicting a tine

cour se dulithfgShi%E#&a8E s gni fi cant event can occur. In an enbodi ment, if

the amount of thB@rekirell @ABSdiIRER, 2Afmd ddGrséRmedsuddd Bylletednihiapaditi®r s i S equal to
or below a first threshol d level, the si gn4 ficant ev i s that. the subject

s Tess. | PoREIY SEBIFREGHE 1 B° £l Do dittareaniste R S

al t er nat i yrediptive of whdlier a pRieAL had'h 1dnk &imdcodr@a Bt on® Bﬂb@ﬁmérﬂ&hé‘!&imﬁ’cam Her - 2
honodi ner s |s?§ qual to o above g}ﬁsecond t hresho her than the

firstd t hr @EHIT e Pogiepsion FPén Iy diRenosis fodsA sﬁ“§“‘?% rte@g%‘gmfm’lt %ely to respond
to the Hefignifiasttdvag 1sagelﬁrbgre§s{bn&roﬁf;ﬁfn&w dgknestboidiRntic diseakd. IlRyeEOUr S€ i S
reasur oo, B S 00, LS CEL ISR oL G0l 1 ol YRR P LR, course
pati ent h@gp&. anﬂghérleﬂ%odiﬁxﬂlﬁtsﬁe sipificineeventiomte pipilessidnfnsingadtdticcant
disease to death. In another embodiment, the significant event is the progression from
25 metastatic disease to relapse. In another embodiment, the significant event is the progression
from relapse to death. In certain embodiments, the time course is measured with respect to
overall survival rate, time to progression and/or using the RECIST or other response criteria.
In certain embodiments, the method comprises measuring in a biological sample from
the subject’s cancer an amount of Her-2 and/or Her-2 homodimers, wherein if the amount of
30 Her-2 and/or Her-2 homodimers is high and/or moderately high, then the patient is likely to
respond to the Her-2 acting agent and/or the patient has a long time course. In certain
embodiments, the biological sample comprises FFPEs. In certain embodiments, the subject’s
cancer is breast cancer. In certain embodiments, the breast cancer is metastatic. In other

embodimetns, the cancer is early stage (i.e., adjuvant) breast cancer. Or, other cancers
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event is the progression fromprimary diagnosis to death. In another

enbodi nent, the significant event is the progression fromprinmary diagnosis
t o net astwbi2ol0dissmase. | n yet anot her enmbodi ment, the sipgmiUsc@antizevent is
the progression fromprimry diagnosis to relapse. |In another enbodinent,
the significant event is the progression fromnetastatic disease to death.

I n anot heg,,ephad 'H'gpﬁlgczmﬁ%‘a%encté 1959 b RHtbre8Y & MhotbPhetdMe RGN GSHIgARerdt ' OM
netastatic disease to re | n anot her embodi ment, the signrficant event

is the pr@w%@ﬁéﬁthﬁﬁgﬂﬁsﬁ@P%s@ qeﬁalaerabwmmﬁs the Her?ctingl9edit fent s, the time

cour se 'Stra{Eﬁéx?rH&?@rWhéJHJrQ%Qﬁ%E L Q¥%PBealséq. survival rate, tine to
progressi on and/ or usin él ST or ot her response criteria. In certain

enbodi nent s, tlﬁée%?ﬁm ST InsEwuRtoR Blgh-7 isgnepsired- i certdyprabadinsitpte from t he

subj ect’ Sarﬁﬁﬂ?&fHe@Q H8RB&Rbrs mé‘&%‘lﬁred? 1ROk R lembBdiménts) ERAIoORIcE Heher ei n i f the
amount of Her-2 and/or Her-2 honodimers is high and/or poderately high,

then the Praqdipars is sepquped|uying an 583y 58RRY It mepfaripendor qeanfifygiedgemevdnd/ or t he

pati ent h@SyrdeihPRieih InfBacBOMiS & sanlple. Gfdektaih BmBsUXAEH: TR sSe gl&idﬂ@ bi ol ogi cal
sanpl e co&gn ses FFPEs. In certain enbodi ments, the subject's cancer is

breast caMERATAGE aswytlaicertabhaiehpdmsaissiikeliprss tgreshand ‘%‘Qﬁ‘iﬂéﬁed with mspesbt atic. I n

ot her enbd)&Bil Asvivd e, GRHRGE prokiBssRAlah¥osls g%e(RE@ST cdjidlvant ) breast
cancer. O, ot her cancerssensitive to Her - aciti ng a%ent ¥

moni or ed.  As JAGETEN rehodinents themeihed eomprises mrasuriag in ahiglogieal s eo‘%)onﬂ he agents

known. | nghe arbtjeat §ca80d a8l LBt 8t HdrRandier Hed=3ahioBitheR e Mell bStht haGintgumab. O
ot her Her-2 acti n% a%ents may be used. In ce ta| n &@POdl ment an anmount of
I

Her-2 i s HersidegHetrhhoneqdimgry W@ﬁ”ﬁ@df‘il?‘éﬁ‘f‘%u“t %?f'%@fﬂo M di mers i s
nmeasur ed. hibh) ik fiediatien ROREly rfeeﬂag@nd tohee Hmtmg)@fgeﬂrdeﬁd/ar th@pmdmmesras is

measured using an assay ca e of rj and/ or an anount
of protei long B equEse; Iﬁtcé‘f‘aé‘b%%ﬂgnqnﬁ the g‘ﬁﬁﬁ‘lca%arp e&‘é?ﬁrg?ﬁ!%:%cy;‘af B, the
assaps i S & dMeRA X ub)ecBSEaNr islbleaSt@hiical. T @AIAdBEBdIhnsnts, Ituelbeelame,&sr to
respond is neasured with respect to ovg:rall suryival rate, ti to

progr essi BMCERANG O et CAS R B R0 carly staee 4 RPN WMol nent s, the
met hod CogfdricaRSrs RBBBIVE toﬂ%r&&m&n@agéht@ @iag 8é mslafaaéde Alsmorl hfreinstibHac ' s cancer

an anmount of Her-3 and/or om)dl t he anount of Her-2
onalor - Retetne HERGY RS SyhESE A MR ke B inal SR or Her - 3
honodi rrerénboﬂnﬁﬁn@%eHhesnadtﬂﬂgamtis&adtuztuﬁmlb| kely to respond to the Her-2
actl g agent and/or t t| ent has ti e course. rtain

i ment s, alﬂéer[?l‘rbelnﬂ’ﬁfl Ptssa&r?mogmc?gﬁﬁr'? g ﬁ%mefiwre@e °5$ " embodi nent s,
the subj eghbodinEARCIRE arh@nbdifﬁ@é:‘s-B hombdiaiers id Meas@ed asnrg aﬂmtm;zlba’mbié sf the breast
cancer is netastatic

é/l . C%cfyihe reaff %nce ) ﬁne CInlear sage(l. Y
adj uvant ) PHFEGAYHEaptTY g an FRoHLF of PIHREPLOURL MISTCHONS W SASRI B 4ci ti ng
agents meyerthi@ eﬂibﬁtllﬁ"laft&ﬂe asésy itk N@RMEA&}@assdyhm debaim Emamﬁmm Hkptinéss may be one
of the agents known an [1 desgtrl bed her.ein, certain.
to respond 1s measured with respect to overall survival rate, tlme 0 progressmn and/or using
25 the RECIST criteria.
In certain embodiments, the method comprises measuring in a biological sample from
the subject’s cancer an amount of Her-2 and/or Her-2 homodimers, wherein if the amount of
Her-2 and/or Her-2 homodimers is moderately high (i.e., medium), then the biological sample
is further analyzed for the amount of Her-3 expressors, wherein the Her-3 expressors can be
30 expression of Her-3, Her-3 homodimers, or Her-2/Her3 heterodimers. If the amount of Her-2
and/or Her-2 homodimers in the patient is moderately high and the amount of Her-3
expressors is high, then the patient is likely to respond to the Her-2 acting agent and/or the

patient has a long time course. Conversely, if the amount of Her-2 and/or Her-2 homodimers

in the patient is moderately high and the amount of Her-3 expressors is low, then the patient
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enbodi nents, the Her-2-acting agent is trastuzumab. In certain enbodi nents,
an amount of Her-3 honodiners is nmeasured. In certain enbodi nents, the
anmount ofwbentodsbmaodi ners i s nmeasured using an assay capahiseoiof2rmeasuri ng
and/ or quantifying an anount of protein-protein interactions in a sanple.
In certain enbodinent, the assay is the VERATAG r) assay. In certain

enbodi ”enfs%nhlle'l)ktglrésB@r@sto 1He HeRS BAIAG abcht ARIAS tHeio hdd a sRHARARL couRe.aver al |
survival rate, tine tﬁ3re53| on and/or using the RECIST criteria. In

certain e?ﬁé‘@@l eﬁ@ﬁ‘fh@emﬁ K biglpHiend sampigrrompEises r‘?gfégsu Fi Gsg2ip gmBedingitvgecal sanpl e

fromthe giphieflanser GPGS caer. AIRMEH eRbodiEnts tRMYYaG cakdef is deROBRIDRES S,
wherein if the amount of Her-2 and/or Her-2 honodiners is m)derately hi gh

(i.e., metieOmpst cakemayhs epibottass licaladidvpp| besaptsanegh tedny QST SPPEH for t he

amouny  of reldeinside @HRY- Q%@tﬁfg%ged@lﬁiyaieﬂndnh@remsﬁteﬁlﬁ&’éiﬂstﬁ@H&—ﬁﬁ‘Jﬁné)@geﬁPtXpr essi on
of Her-3, r-3 honodi ners, or Her-2/Her3 heterodiners. |If the _anmount of

Her-2 andmaY be-pie °§thﬁégﬁ5‘&|]ﬁ‘?%‘ﬁ%a‘}dﬁrfi??ér‘?f‘§th?’€ﬁ’t Ii“§e"|‘ﬁﬂh"é’i‘t§’f16‘fe§)tsfﬁ‘ﬁﬁe and t he

amount  of 2 Hanp 38X RASEAAbI I8 céhatlombobifient, the afiay is @RtVERA TAG®lysag.on r espond
to the Her-2 acting agent_ and/or the patient has a Ioeg%tlrre ourse

Conver sel SF“ai“femth‘é‘mé%delm@?S tpyespond yfagagiredith rsnqehio Y B YIY Bife pati ent

is m)dera{,ﬁg},(,d% as@ﬂ%d/d}@s@mgmzcmTéﬂg&rﬁ expressors is low, then the
patientis unlike to res ond to the r-2 actln ﬁ)gdnt and/.or the patient
has ¥ short tilfhsertad srabedingegiscapredgiermin @B?SH@ﬁst%feaetd DidPoRAEd sanpl e

conpri sessamplsnto litl’lea@ﬁfvb @ht[bnﬁsﬁﬁbg}dhp’éﬂlﬂtcsmalﬁ &ﬁboﬂﬂxbjnepﬂle ﬁurﬁlﬁﬂ@iESIUbgrSupbl‘ east
cancer. In certajn enbodi men% e breast cancer 3{1@ ali % & ,
breast calid¥fe $PdlAt HiE PaUGHf SFe ed@%“’ pd gto a sy r&‘%Pa‘ﬁtp?“eBYs {° AT o any
ot her canget? ﬁ&ﬁﬂﬁﬁk&é M«ﬂxghcnnhiarsu@rca@twmg HG 2N &/ oniayt- 21D midBifietsds Bel. Id\s not ed
herein, the Her-2 actin be .0 .e.o%}theaents no nd/ or
descri bedC%réVléi"‘rkROd‘Tnﬁméél%t}ﬁM r?b%%rﬂ’ﬁ’n‘f g‘," ideq) it 4 suBgroUR ¥RGsH gé is
t r astsuzungdd/or Har-¢ @6hédimere m@d'l Highnhnd o SBgrags@lyosé Hert-MdMERérTAG( ry assay. In
certain e%dlrrents | i k ess to .re nd i dvvltz pect to
overal I SORACURT b aiogeret el e POGPEE PN BRPBR LSS Tl HeER ST
criteri a. addrrCRf-L Bbmoditre th thesubfct afe @hpaet ey ditherabt vepalsptt eibgsug teat ed by
di vi di ng pa S es into at |east atiepl%i ubgroyps, In certain
embodi rreng’g‘se“ltﬂ h‘r’%ﬁ%’éf"“&f”&?ﬂ&‘? SiRSEUP: sﬂrﬁ%ﬁ"@%‘“@ 8 ?{%[an?{%ﬂgré% ient sanple is
di vi ded i MdnodanGsinghcopafied hrepadde@rtyshigh) dse tHeIepaaeat amklély)ro rb@bndZto haoteodi mers i s
hi gh, and a sub d/ ? i In certain
enmbodt nentding paeat ar?lldp ﬁ%ﬁhﬁg?“eﬁﬂg []Be '83’8"91 &logg W%I%Odlrsfgﬁ e ﬁmgum W %err\(l)%up whose
Her - 2 andémayor Her-2 Horhmmds nﬁhepansnt\aerwzrﬂmgmr lmdhea tis fagern ispiniikedse Her - 2
and/ or Her - m‘?ﬁj n an
enbodi men’tespof‘flug [?Eaicalbgf agﬁ%tra“ Orathd?%'F rﬁl—g 5’ tﬂgavrrﬁ |SHrr§%§mmoufsﬁe subj ect are
conpar ed t o eilhhgdthdrlabydhynt if thh as oot biig;2 dnlier Her-2 homodimers in the

patient is moderately high and the amount of Her-3 expressors is high, then the patient is

25 unlikely to respond to the Her-2 acting agent and/or the patient has a short time course. In

another embodiment, if the amount of Her-2 and/or Her-2 homodimers in the patient is

moderately high and the amount of Her-3 expressors is low, then the patient is likely to

respond to the Her-2 acting agent and/or the patient has a long time course. In certain

embodiments, the number of subgroups is greater than three, including, without limitation,

30 four subgroups, five subgroups and six subgroups. In certain embodiments, likeliness to
respond or time course is measured with respect to overall survival rate, time to progression
and/or using the RECIST criteria. In certain preferred embodiments, the Her-2 acting agent is

trastuzumab.
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noderately hi gh subgroup, or the | ow subgroup. If the anount of Her-2
and/or Her-2 honodiners in the patient are noderately high, then the

pati ent iwol2oloalsy46B0 respond to a Her-2 acting agent anetorustéie/oper:ent is
likely to have a long tine course. If the anmount of Her-2 and/or Her-2
honodi mers in the patient are very high or low, then the patient is

unlikely to resReHh &bRinkdis; Be peldid@ing BRisuRNSADIptiAPcuRAL Bedt 1S Iikely to
have a short tine _course. |In another enbodinment, if the anount of Her-2

and/ or HepPRtBaheeffanedisclosed heprn. 3ad pegtain embogipands ok ths PVefighara igeifle anount of

Her - 3 expmemdifouhs thik 88 apfrfi8Ratt REhPAhduBRImdnEoréd ki KaiJoséPhet@s pONd to the
Her-2 acting agent. and/or the patient has a short tinme course. In another

enbodi men¢ert2inembpdimgpis, tha ampuntgd Hen2 andvpr Ser-phpmodimers i hebieci & t he pati ent
i's noder _a&%}p}irkeb :tcgﬂﬂe el bﬁo%ﬂﬂtﬂé‘ Erﬁ@fntHgH’Iezr:i 0N/PF H&szq{o&lohmaegs?w:het Een the
patient is |ikely to respond.to.t r-2 acting agept and/or. the patient
has a | onkptientie g grdeederpiglycighy Q’F‘hg‘éﬁfﬂ?ﬂf‘ kglyto r?sll?g“‘ﬂtﬂ ﬁ%{??z 8t""&ubgr oups i s
greater than divorBe patRePAthd\@urswistlikelyto bd 16ad & dnther dntbatlineup@tieups, five

subgroups and six subgroups. In certain enbodi nents, |ikeliness to respond
or time cYUPEECTHErGES %}f’égdsw f“ﬂo‘iné%%‘zeé{} htOB‘og'U'@fsé‘mg/o%tﬂ‘? W‘?/ﬁ#ﬁ?r'}[ e, tine to
progr essi RiincfdroOt Hes-2OlotvBeREEPSHEntaE likkeB/ tb Bespdrd t6€ 8 HeB fctipg Bdear I ed

enbodi nents, the He [

r-2 acting agent_is trastuzunmab..ln certaj bodi nment s,
Che i cactaiardmeraustie S1E i o e b GrP OB IR ABETTAl TRt 1 s ar e
di scl osedhibes®i the andduelt cT@et-aihbmedied andstitke @fiostof Blei-DN@Nddirtdts dIHer-a8ant to
i nclude apopunts that are. approxi mte to .the anount nti oned and di scl osed
her ei n. |ﬁg%g}p€‘f1§fferpag?%{§§ik€ﬁal§ﬁ? @?poﬁ@ %ﬁﬁft‘r&ﬁag%@%orgﬁwrﬁ?Cq‘-’@?lsZ horodi ner s
in the suljepcib batdgconpared to the optinal cutoff; if the anount of Her-2
and/or Her-2 honodjners in the patient are hjgh, or noderatel igh, then
The pati ont i Somnehar e Pelaaguht pieves Shintl A seim i Rt sbefhe
patient' swith Her2gositigecah&r Isiukibkeyy t despendl torgatmém with attrex-aceinbagdhtrmador i f t he
anount of Her:2 2.. honodi and/ or the

-2 s high, and the amouni of .Her- nmer.s
Feto of Hepuish Rt il ofge SRR it RERIHE e PP 1 kel y to
respond t endprisi8rdeidctigtin Mbioldgesltsaraplelfrom tidwabjedtiraotths andwsit bfikely to be
| ong. I n anot.h enbodi t,.i.f the ampunt of Her-2 is high and the anount
of "Per - 5 RBRER S RaR SP- ey Y nBREH s WEa Reretes R A0%, S bl oh,
t hen t he pabiaetity agent hadd@lthe gadent &dikelndo have a sidet tin @otse.rigcagantefarnd/ or t he
ti course i.s |jkel o be long.. In another aspect, the invention provides
a %od ?@Od%epgrtﬁ? ﬁf%&cgﬁ%%ﬁlggs téasgé}ﬁ nf%Ct Wi th Her2-positive cancer is
unli kely to respondhddknbwettanenf skill inlthezartiie bQusafid fondetargamitg armiioont dfhe

patient | l'-slerl-i- e%(e}egs't Oang/%}/ﬁer% I?orr]n%latméri, gl?d/(%%é?-% %x rI srs]ioﬁ %r'ic}/glrl er—gnbodi rre,nt s, the
met hod conpri €8s HetBCti ng 1h & brordgi cal sampre fromthe subject's cancer
t he anpuntionefdinkdes, aitl/or Her-2/Her-3 heterodimers can be used in accordance with the present
invention. For example, any quantitative assay that determines the amount of such expression
25 or dimers can be used to determine how much signal is generated by a cell or cancer, then the
signal compared to the signal generated in the VERATAG?® assay to determine a
correspondence between the two assays. Such methods may include, but not necessarily be
limited to, FRET, BRET, Biomolecular Fluoresence Complementation and Proximity
Ligation Assay.
30 In certain embodiments, the amounts are determined by contacting a biological
sample from a subject with cancer with a binding compound having a molecular tag attached
thereto by a cleavable linkage and a cleaving probe having a cleavage inducing-moiety and

detecting whether and what molecular tag is released. Figure 1 provides an outline of such an

FFPE VERATAG® assay where tissue sections are fixed (top or first panel) and then allowed
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wherein if the amount of Her-2 is low, the subject is unlikely to respond
to treatnent with the Her2-acting agent and/or the patient is likely to
have a shwot2oto/asesssourse. In certain preferred enbodi mercsjustde/ oki2r2- acti ng
agent is trastuzumab. Any nethod known to one of skill in the art to be
useful for determ ning an anobunt of Her-2 expression and/or Her-2

honodi merg birdREl4 Bfst 4feibodd R¥%RAE ssm«age AR gk g deicRADA LRS00l PaRd A OT
Her - 2/ Her - 3 het erodi ners can used in accordance with the pr esent

i nvent i onsecqugranigbedy fipked toa%‘}etfifrti’éﬁt“ioéeéif fE\TeA‘C%)s(%FﬁO‘tdfP&PCIHEIP%? HdRdien ehe amount

of such Qﬁ@él@aﬁzﬁg@lﬂd&ﬁngcﬁlg&ﬁb§ 1@@@@%&5&%15 Qle@t@&;ﬂﬁﬂa@@pi}%nmﬂﬂl@ esignal is
generated by a cel cancer, rr&ar ed to the signal
F

gener at edl3g >£fﬁ@wmaa§3§avofwe&@ﬁé90ﬁ%@rﬁ ’E:Bar" spondence between the

two gssays. Sug BerfBtAAgini¥hy, th@&hdiﬁigaoon@dﬁndrh(ﬁﬂ tHéQFeQﬁﬁ@jSt{)Bé/eaHE Iirri ted to,
FRET, BRET, Bi onpl ecul ar Fl uor esence Conpl enent ati on and ({)&?} |3 Li gation

Assay. | nsPecfiqally RindyBere Grdlsr-3 InCefiainsmeAtments, the ¢leavaieprabs gn cting a
bi ol ogi calrosaiotbdi BIRA te SaH @ﬁbpe\/\lntd@rtﬁ@-&ﬁ&fdlrﬁ@ntsbgf@leﬁﬂdﬂignﬁmﬁ@ﬂmQ;U nd havi ng

a nol ecul ar tag attached thereto by a cleavable |in cl eavi ng
pr obe hav‘iV‘H“d“%P“cffeé%‘(?é’é‘@“rP%?fépﬁ‘g ar‘%%e'é{‘ cing oty Fdhs ﬁﬁe@g%ﬁ@’f"g‘ér’ and what

nol ecul arcidaagpelifducl @Rs@HcledveOHE Eleabalilé DiieAEShAMeandIddueta@is relusbd. an FFPE
VERATAG(r) assay where ti sgue sections Pl]ri'e fi xeg (to first anel) and
! a%lé

t herl¥al | otE#P 6MBedigents thy nqleculer Gafslessdyt Hevi 10grodmerse OToRRCT 'Ry agent
(depi ct edH&D/MerGUctetddgndro@t breaddlis AisGRQehsblefbm hﬁdr}bléculakﬁgi reldased iflet ect abl e

noi ety (ETA secon nel ), photo-inductign af the c e-i nduci ng
agent by ﬁ*?f(?rﬂ'g’%’ﬁéss a(‘&ﬂﬁdlﬁ‘g%dﬁ?f@fnf’ps A REGSER o PREES o deteghigp 8%‘? r?abg’ "t he e-
Tag(s) (fa@w’ytf& detrti@tin)of &tdl Har-2 @dia Her-0 hof bdimela isgpréidddtioeongnonly dvifed panel ). I n
certain [ rrent and th | eavin robe each

speci f i ca *Yﬁ“ﬁ I%tﬂong) gbcaf—%r}nﬁ%%wg@égs[ a{f"?‘?rpé’ﬁageé%yrfgfﬁ/’ieg% ]FH% cl eavi ng
probe aann'hh:Q/ %lrdhdlmgm@lﬁﬂsbﬁtegpcdﬁ(bb uldttdimbisi@ ottleebisdurkere pich @pHer-3, p- cert ai n
enbodi ms\r}g S, d. l{ljhe bi ndi ng compound is within an effective proximty of

t he cl ea a?gaé‘- e ng noi ety of the cleaving probe, the cleavage-inducing

nmoi ety cl eaveSIn tdaincheadialehts, detivikieg ths oleivagd-intiiengradietg dleavesthag 1 s rel eased.
r’r9d| ners,

O RO b RS0 SIS g
di stingui Heh&%l)elp&o;fer reeitdie el dasanksathe bading eéremme@lcanipriseraﬂ antmodyonrer s and/ or
o, TR ST TR AP OB e MRS,
owned U. SlerRdigamt biAfipd dite @t & Her-Pligzhd biating sntel\lbx ceﬂﬁﬁ) Qmﬁbmﬁeﬁﬁgthie hipdingor at ed by
:),? Lg:: eg?g%!g\g&%{ﬁs orgngréslﬁg gs ﬁ_gﬁgagd and/orgﬂé#kem3élg%l}1 fnlrc%tl‘(ta(EQXmg dlmet%l?s Jfl!%e{j to neasure
binding compound and the cleaving probe bind the same Her-2 epitope and/or a Her-3
epitope.
25 In certain embodiments, and as illustrated in Figure 2A showing measurement of Her-
2 total using two different antibodies, one with a cleaving agent and one with a tag, and
Figure 2B showing measurement of Her-2 dimers using a single antibody alternately attached
to either a cleaving agent or a binding moiety, the step of measuring the amounts of one or
more Her-2 homodimers, Her-3 homodimers, or Her-2/Her-3 heterodimers comprises the
30 following steps: (i) providing for each of the one or more Her-2 homodimers a cleaving probe
(e.g., antibody 15 in Figure 2A, and antibody 8 in Figure 2B) specific for a first Her-2 protein
in each of the one Her-2 homodimers, each cleaving probe having a cleavage-inducing
moiety with an effective proximity; (ii) providing one or more binding compounds (e.g.,

antibody 8 in both Figures 2A and 2B) specific for a second protein of each of the one or
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In certain enbodi nents, activating the cleavage-inducing noiety cleaves the
cleavable linker. In certain enbodi nents, the binding conpound specifically
bi nds a Heo-281000834der - 3 epitope. In certain enbodi nents, pCmasbiode12g2
conmpound conprises an anti body or antigen-binding fragnent. In certain
enbodi nents, the binding conpound specifically binds a Her-2 |igand binding
site or aypbRHep2hboadeR] ek MG ait WindidgbomBbimings SR MoRBNISulat A8 DI Ndi ng
conmpound conprises a Her-2 ligand and/or a Her-3 ligand. In certain

enbodi mentash aaskeddheszip Ry eletrable akagndnd feh BpEhs PIfgr PRtk @ehe sane

Her - 2 epi §pBR 4306 renitd@lo BmBRIniORS e difdreOichahtidon @RI BERIsS thatiipdn as
illustrated in Fi qure 2A show ng neasur enent total using two

: > of Her- 2
di f f er ent seafratigsaRRlecylar Basligl fhicEnthinding ograyWh fora At eeas i a tag, and
Fi gurse 2Bephatin o B iy i ¢ OlkaviiRprobed] k¥BiRlidgEbMPorRdS bitDheodr i body
alternately attached to either a cleavi naglﬁagjent or a pi nﬁdthgg npiety, the
step of nBA%EPTRIGXSS Fehihab Hagvdnegrolss spepificaliy binditp frsbpratsing of e He 2 Her - 3

hormodi Mer omdAimdreim M ddafe-cdmbaings ARG bRARPIHE S@6nd fieehobf BN st eps: (i)
provi di ng for_each of the - 2. honodi ner s a_%le Vi ng probe

f one or_ pnore Her
(e.g., anbqmsiyerssndispehpthaygleavablg linkages ofths hipdiRe semppunds org P BEYe specific for
a fibr SL F&fe‘cﬁveﬁfrfﬁiﬁitﬁoﬁ dka@%@hr_ldﬁf:ing h@ieﬂéb%fkﬂ%rhcieavihg??ﬂés@flﬁt m&lé@!fhrpl eavi( ng)
robe having a cl eavage-inducing nojety wiith an effective proximty; (ii
r ovitdi ngleBHE® Bieattd B0 G hRIPHEEGRR GHUKg e geleasc el pellay ogs P 4SKBIR i gur es
2A and 2Bhe pRE%S braibieate dt tRQ@ROEL optheRI-D hethodt@ed. of the one ornore Her-2
honodi ners, such that each binding ¢ ound has qne. or nore %ecul ar tags
ipmnt & i

0
each attached PKEF4 gniogments) e serhotancasuring s amopys & pof of HYF one or nore
mol ecul ar hdna@smed, HRE D @6mbdimels,for BleePHeld hddérbgimee rpaprresthb ollewihi keps: ent
separation characteristics so that _upon separation. nol ecul ar. tags from

di ffer ent(‘)o‘?rﬂY:lihH%}OéB 88&‘89“‘? ?frn?ﬁr?iﬁg‘% 1?'?(‘3“[0% Aaclgaying péoz’ﬁél?eﬁﬁc%%%pr ofile;
(iii)5 m xfiRgH&repréetkiaay ol oPhobeHer Lembdimeisgcicdeqringpese haviek ¢ he one or
nore conpl exes such that cleaving.probes. specifically bind.to.first

prot ei ns UFAVEE" f“gén%%ﬁﬁﬁﬁ"é? e%%\\f%c?f%"ﬁmﬂﬁ pé%vr‘r‘ﬁ%?%sor PRESYME 'y bind to
t he seconebnpoidsispesifiaffortaiecon proZeihefvach dfeesnabtnat ¢er-8 hahodihea\sadhl e

| i nkages of the .bi.nding conpounds are within the effectiv roximty of

cl eavage-f?‘ﬁtcfﬁg]etﬂ’é‘l‘%‘iogg’f"@?r%? OReE eré&%%gﬂ E’?So%aé]% aiacgﬁe%ﬁféetr&%g’f fcul ar tags

ar e rel eagesablahtkabd, ¥nd sielptbtathé o1g od mdrel mldeviulaf sapngtatied to diffeasdihdimgl ecul ar
tags. to determ th resence or. _absence the anpunt of the Her-2

hormoth rrer%O.mpPHn‘Qg?‘feﬁ?fﬁg%ﬁﬁe@ﬁaﬁ%rhﬁhgfamfrﬁsgcssﬁogfé)at 8FOnE a?ﬁlro & rr{lé)ief H& Sount s of
one or nofre@n digfercat bindingléamposnds em-dstihapedks irex S parationtderfild (ligemi3ngthd er odi ner s
conprises the fol

oL e LI PSRl BB PRl BES L ALy SR o
each of thebaRecHiealydiltbidekt percdns of the ecB davodigerp pabtendigg/donmgpoands
specifically bind to the second proteins of the Her-3 homodimers and such that cleavable
25 linkages of the binding compounds are within the effective proximity of cleavage-inducing
moieties of the cleaving probes so that molecular tags are released; and (iv) separating and
identifying the released molecular tags to determine the presence or absence or the amount of
the Her-3 homodimers.
The Her-2/Her-3 heterodimers can be similarly determined using cleaving probes and
30 binding probes specific to Her-2 and Her-3, e.g., a cleaving probe specific to Her-2 and a
binding probe specific to Her-3 and/or a cleaving probe specific to Her-3 and a binding probe
specific to Her-2.

The invention relates to Her-2-acting agents. A Her-2-acting agent can be any such

agent known to one of skill in the art. In certain embodiments the Her2-acting agent is
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cl eavage-i nducing noiety with an effective proximty; (ii) providing one or
nor e bi ndi ng conpounds specific for a second protein of each of the one or
nor e Her -wMohomods4eer s, such that each binding conpound Iras/use@oor120Dr €

nol ecul ar tags each attached thereto by a cl eavabl e |inkage, and such that
the one or nore nol ecular tags attached to different binding conpounds have

di f f er ent scheRANBhI Lr&HpOAGHRE bBID S FashQuih A PEPI3Y abeRpdtialbl Bk nol ecul ar tags
fromdifferent bindi ngEﬁgr;gound_s formdistinc eaks g n_ a separation

profile; REfefryd spbedimgh [eReinggesY sesuzyg HEreRRi g ¥6ififounds, and t he
one or m@gd&ﬁ&@%_gw,ssczﬁ%@dpha@-m; emgys'buag, 11999913%;1@@@15 ie‘:na’x.lx_ylfs@iomldrl t obf i (r]I st
protei ns of the Her-3 honodi mers and bi ndi pg, coppqunds specifically bind to
t he secondepr#5tieg spentpmay H%GVPDE‘Pt-eéu%'?ﬁfBﬁV‘ﬁ‘g?‘g%ﬁ?‘? {’%ﬁfﬁ’“‘f hat cl eavabl e

| : nkages of dt f&n@iegldémiﬁg)na?mﬁ@r HFIQZ Wérkddiners &gﬁ/oeﬁélemﬂm Hef-®xi mi ty of

cl eavage- i nduci ng noi eties of the cleavi robes.so that nol ecul ar tags
are rel eakmpdmgizpndiopjleselHer 3 heteradimery s‘i“ﬁglglf‘gfuf/‘i ‘?‘?g"ottrfﬁkefsé?aé'acé’g‘&%ﬁﬁll ecul ar
tags to dewek Mgy dMeurpdeiaandisy @Il callsenatmslior blag tasey phtieaf bibfaes bler - 3
honodi mers. The t erodi ners cggﬁ%& simlarly. det errg}' ned usi ng

) Her - 2/ Her - 3 eg]% A
cl eavi ng BF e Srefbh 4Rl TR Batispsampie BRefe DBy P2 %. g., a
cl eavi ng (e aRentRpashd donvénbiokde fecihiquvs] whichinfigl idagn biothe s@pedidni whitloa Her - 3
and/ or a cl eaving probe specific.to Her-3 and a.bi ndi r specific to
er 3 Tramph bbb e Pes s ieaibrs e R ad ke A n B RNERT o gent
can be anyfesdhcdy: BRI JIONDBRvER AQBB. 77 SKicbdy ahd Pdagceay Histdiagicer t ai n
enbodi neng st he r2-acting a i sselecte r the. gr consi sting of
A5, 1 sl D AR TP AT B SOy St SBRA e 1 he
Her - 2- act igpgieagent, dharchilAsivingsiatEdidterghept i n(r)) . See, e.g., Gol denberg,
1999, din Ther., 21:309-18: and Shak, 199 em n . Oncol . 26: 71-7. Al so,
ot her Her-2 ace:L[‘iﬂ}?gj“eéﬁg?ﬁ“%er?r‘ﬁshsﬁaeseéRe}tgf’ﬁé?népgést?fPﬁ}ﬁntttﬁ%ueﬁ%rflwgscfgatg&cT;)Fi bed
her eisn. Sasplnemds bttand wuit figitddeto - Reaat) prostate Henry 2coivmnindg, madagneaivdd, or  Her - 3
and/ or Her -3 honmpdi mers, and/ or r-2/Her-3 heterodi mers sui | e for use as
bi onmar ker¥° 5 Sggwngﬁ?rgrﬂrga%rease%\ﬁ/%ﬁ%? S;?mé)% C%%Eer%be%r,le iné |V§r§ﬁ‘§n§fbce| I
cul t ur es, pratedaras inclndipg angicdl EsdsieSaspjpation enbiofyy Ofisitesie oray bhéedhidke.
Pr ef er abl ) | es .are human patient sanpl es.  Sanpl.es are. prepared for
assays of%‘?Zﬁ%qfqﬁ\‘/eeembloglﬁleﬁtsi’sﬁasc?g%\e/énr‘{f'?tgﬁgec e¢ ﬂ‘?qrggg%s,u © \S/%nllp(lﬁ% ﬂ??gy depend on
t he sour clieavé bamfiskd ald embsadaa Ingarasfint amkd @ ntep Fhdeplonifipstionds @rdrrigg dutc Al
specj.mens ce is.provided in.the faollo croft JD &

S evilng. oo BemPRay oS FRUDY G Hhs B Er B R aplsEl 307 99, LR s,
Chur chi | | Luniay#H ¢s3CM Ed., Belionkamgiof. HiRelagisd StaB 8\ etpd ofatvemed Forges Theory and
20PL1 S, Ao B0 bl ORI RO RRYE Bl OMOBRRER
York; Ulreka V. Mikel, Ed., 1994, The Armed Forces Institute of Pathology Advanced
Laboratory Methods in Histology and Pathology, Armed Forces Institute of Pathology,
25 American Registry of Pathology, Washington, D.C. One of skill in the art will appreciate that
the choice of a fixative is determined by the purpose for which the tissue is to be
histologically stained or otherwise analyzed. One of skill in the art will also appreciate that
the length of fixation depends upon the size of the tissue sample and the fixative used.
Generally, a tissue sample is first fixed and is then dehydrated through an ascending
30 series of alcohols, infiltrated and embedded with paraffin or other sectioning media so that
the tissue sample may be sectioned. Alternatively, one may section the tissue and fix the
sections obtained. By way of example, the tissue sample may be embedded and processed in
paraffin by conventional methodology according to conventional techniques described by the

references provided above. Examples of paraffin that may be used include, but are not limited
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used include, but are not limted to, breast, prostate, ovary, colon, |ung,
endonetrium stomach, salivary gland or pancreas. The tissue sanple can be

obt ai ned Wy 2a1vmB468t y of procedures including surgical extivscan/o2espiration
or biopsy. The tissue may be fresh or frozen. In one enbodi nent, assays of

the invention are carried out on tissue sanples that have been fixed and

enbedded itmpaaa;masft fﬂraoanﬁldaxgsﬁ@@yocbnoaa@arsal%fsmné @I&mbéddb@ tlib&érﬁbled)asbu'[ A
ti ssue sa may, K be fi xed reser\é@gz rgventl on met hodol ogy.
al

See, e.g., iGéIéO by fipuprotprpe %Cﬁ@él?ﬁ nvenit e‘ESP“SHP@‘[ 'oYi cal
St ai ni ng Wedkhed ird rahdearodt 480k theg m@sonks IﬂSzIHoﬁtlﬁvelv@fmcRﬂlts Jwal lgagyelr(ﬁmaeﬁ/; L [ Ion ghe
U reka V. e E

Bl akst on I Sion I\/bGr a#) ?ook Corrp rk;
1994, Thet ﬁfﬁiﬁﬁga lq:%rta?:‘%%) 4 SUGPOSHE ARRY| WICR&\? %B‘Ec?sli’_eébﬁf%ﬁ‘%‘}y Met hods
i n Histol agy hardn Bab bDﬂr@@&bouAl’mﬁz oRbeRS chArict titahddectRat hay gy, Aneri can

Regi stry of t hol Washi n n, D One o ki || r

RPN M TG TR R SR S AL
whi ch t henétilissitde td, silahe gbletlmarﬂtpolyagiyelaé |Pyiragfinadnibedied sectibhzaniapbs attahad yzed. One
of skill in the art will als reciate, that he | engt h of fixation
Gepends. OISR Sttt joef il SBEE BB RihahiRe £ wat i ve used.

Cenerally, a t]f$5rﬂﬁ'1n318§’rﬂib|eﬁusieﬂ af the smba‘dthgdxaanﬁl 1h8tlishe§bcﬁtﬁlhyldl’gaﬁeﬁllyt hr ough an
ascendi ng serl tra an araffin or

ot helt sootrairieefanf st bt I N RERREG Dtk st BBy

Al ternati bediqparaﬁ‘m&emhys@aﬁltdomnﬁMI Sﬁ'anﬂ&ﬂ&le&KDdolf)glaS Fhrexamdé, ixplasesahd ai ned. By
way of exanp the tissue s ed in paraffin
by convent PR HEFHIERE Gy SERRPISMTY of 58 SRonits o ARl Iee  deber | bed
by the refil@riiedbdg tlprrefvnemtedpmbldubabot‘e(anphewmbf copameadidllyraviibadle may be used

i ncl ude, imtedt (d,. a syeny Once the
esue. safretiilionsthl Spird uflsaRnR0en RO HolloBaS TEPHEERL. (O
according to cMammahanomaje culachculls;weﬁeshseﬁbzeomissumyamla\mepareﬂIbyckness in a
range fr O(%n%gn 1onal CQ{ FS/SI? {nF}?nqq?lﬁgsS%(gutO gw&aél\l\?% ?ﬁﬂy??ns B[ f—ler ably, a

t hi ckness i n merond ™t mcrons. In one
aspect, as. é)aOtSP/dnonmyPMa,\md amtaamemd/of plfos;ﬂmatasebolubxtomasrmﬂllrm) Fbdeath 1 cm .

Once cut, _the tlons rr@ a}ttache Sgve ral. standard
a

met hods. E)%l’élma a SISS elsoln\r/nea a SO l clu e a Q%SU% cplyalg%re% on Fte%Sl%Chc?St 0,

si | ane, gehdtirigmrmdlgpgrinylmgowmlcaﬂ@n Par aff| n enbedded sections may be

att ed to pog / I C

pol y-L-1ysine. H ad% ?‘%Aﬁ'ﬁg ﬁrg)gldgd W%g‘ggg d%?r%éﬁugﬁgsd%ﬁkggea\%bgl al, the

ti ssue sewmvleors t@Sﬂﬂ@j@(h@(é) jeparatepaf edldabadinxdetulainey fedny dr ssaydnikigrenat er  pri or
to detect r i j rabfd by
several c rﬁglgﬁst%r%ﬂg%%é‘%%gr?g kﬁﬁuﬁé%ﬁg?%ﬁgdégﬁgmm egsg?(‘gﬁb%d% b Sﬁgg and a

gr adual | ymdesdariais tigt gespeeglhodesghaidhodase mWawoms@oﬂeaef@mrmmsao

convent i O&Qlklerhe%? m i }égﬁéﬁﬁ)ﬁg’ilfygg %ag%‘.ultnﬁl% réc%t&r C%H’l%%§ c&ﬁ;?o\ﬁ%r%e lqa}alp OVE.

Al ternatively,
25 readily measured smultaneously in the same assay. Assays employing such tags can have a

variety of forms and are disclosed in the following references: U.S. Patent Numbers
7,105,308 and 6,627,400, published U.S. Patent Application Nos. 2002/0013126,
2003/0170915, 2002/0146726, and 2009/0191559; and International Patent Publication No.
WO 2004/011900, each of which are incorporated herein by reference in their entireties. For
30 example, a wide variety of separation techniques may be employed that can distinguish
molecules based on one or more physical, chemical or optical differences among molecules
being separated including electrophoretic mobility, molecular weight, shape, solubility, pKa,
hydrophobicity, charge, charge/mass ratio or polarity. In one aspect, molecular tags in a

plurality or set differ in electrophoretic mobility and optical detection characteristics and are
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deparaf fini zi ng non-organi c agents such as Heno-De(r) (CMS5, Houston, Tex.)
may be used. Manmalian tissue culture cells, or fresh or frozen tissues nay
be preparwd 2bw/ssmesenti onal cell lysis techniques (e.g. pcoabdomod@, 1.5
mM Mgd 2, 10 MM Tris-d (pH 8.6), 0.5% Noni det P-40, and protease and/or
phosphat ase inhibitors as required). For fresh mammalian tissues, sanple

pr epﬁr at i euparaRY bilblsarobh’ﬁ;ésﬁbdﬁl adothérSpeet, ﬂlbfeaggrt@@at% flirabfy @Pset g Hiffas ded b
crushing, , mncing, grinding or sonjcation. Many advantages are provide y
measur i ng‘“d?ﬂ‘é‘l“ﬂggﬁ’gi;ta{}‘ia% olyhili %eli'yéléf?g‘quétyn%ﬁa’ég&ﬂo ‘th"‘égér,e i ncl udi ng (1)
separ at i osep@xhtet 8) famathhaR] of edvbdd pHasJSPIT, N A thaaGSABLAYicKfilldre provi des
greatly relduced background and a si gni fi anth‘%ai nin sensitivity; and (2)
the use ofCHFRURTIMGEraRNY yOASS SRECUUFRPY L &35 PRAY GHHREgHRY f or ease of

separsat i on andSetaifeidcolar fgsQvd tedddal th«d BanchRisgratatdilhth idRtisx bands 6apeali | ity so
that multjple receptor. conpl ex conponents may be readi | asured

S1 mul € ane BUR TP TIHON GG S e e Fhauah ol b8 oL il AR hfthave a
vari ety ofuahtificaorastdudipealdips@iides & theastiretol grofilzl df eheiph@ence eV amesits df. S.  Pat ent
Nunbers 7, 105, 308 and 6,627, 40Q; published U. >at en | Lcation Nos.
2005 001311 5555 MG 6 i e e gl G oA R R0t and

| nt er nat | anatnidlat, eets offthidiédutaa tagOdie MuallWVBe2QROUY Bhted FAD exaampbthey mahalch ar e

i ncoypor at ed rein by reference in their . entjreties. .For. ex e, a wde
var Uy obEafiEs g PerebChiianaberl B nair ol it idest Ao Py on

nmol ecul esohmseotiesn: thagmay banyntheqitey ssicgaihe sapdeahatic sdaffold wothtdiféadnt di f f er ences
anong nol ecul es, bei ng separ.at i ncl udi.ng .el ect.r.o retic bility,

ol ecul ar et SO SRR Bt 5P AT RS RERERE Rl or SRl

char ge/ mamsgs inatplusality mpovagy ddpyndidgoneaerd poet inclodhethemade dfagmration a pl ural ity
or set differ in e]lectrophoreti ity d optical. .detectiaon

char act er Tl W lBS: LERREDE oGl st Blioar BL GO R B @ eas pect

nol eldul ar mbiags anditha efficienal withywldeh thetleavayle Unlafesrard ¢leaved. ecul ar wei ght, shape,

solubility, p hydr ophobi ¢i ty, charge olarity and are arated by
normal  phase” orePdy BARARR ki sp 18k Soni BB ol SRR,
el ect r ochmeasaengrtaphse]lulnas sissip Grgatsobas epyremesenfaive i ths ¢otd khelbmmibeginaphy. Set s

of ol ecupat, § 298 4Rt ﬁ‘wBﬂ%%érggfﬂogﬁgﬁgresﬁ&p%egéf§eer‘19"f}1rt%‘% & giler.“r e ﬁh&itgﬁaﬁ‘“ bands  or

peaks by a separation techni are released from bi ndi ng
conpoundsmedsgremeitimag &t peferaddr gueamtdictsayabdcarse of the catlnlapsekissuer ovi des a

et B B Rl PSR SRR SR B
conveni engatiosatf sorofl ¢rfb.ecul ar tags are usually chemically related. For
comy nat i ons. o Praohed o BERRET AL BKr TR AR Bl SRR oy be
synt hesi zeay begirengdedhehesameach ddfeensiyadifiodothppittdrhasiprfefos more maledusr fagsient  gr oups
for i ”parHa&%d%&fgﬁ%%@&ab&%@ég@& ‘Iﬂé‘né&&%%& gﬁlhl‘ﬁé L&ﬁpouﬂ&'@le%ﬂfg%ﬁkﬁg mol ecul ar
25 and molecular tag may vary widely. A binding compound may comprise an antibody binding
" composition, an antibody, a peptide, a peptide or non-peptide ligand for a cell surface
receptor, a protein, an oligonucleotide, an oligonucleotide analog, such as a peptide nucleic
acid, a lectin or any other molecular entity that is capable of specifically binding to a target
protein or molecule or stable complex formation with an analyte of interest, such as a Her-2
30 homodimer. In one aspect, a binding compound can be represented by the following formula:
B-(L-E)«
wherein B is binding moiety; L is a cleavable linkage and E is a molecular tag. In

homogeneous assays, cleavable linkage, L, may be an oxidation-labile linkage, and more

preferably, it is a linkage that may be cleaved by singlet oxygen. The moiety “-(L-E)”
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tags in a plurality may vary depending on several factors including the
node of separation enployed, the | abels used on the nol ecular tags for

det ecti onwotzhm/msewsi ti vity of the binding noieties and Pohe/ustéiioorenzy W th
whi ch the cl eavabl e |inkages are cl eaved. Measurenents nmade directly on

ti ssue sanples may be normalized by including neasurenents on cellular or

tissue tag@RLRs hhdsidlbitdiR @Rpaintia V%a\ﬂ:fm&lhﬁe nBledllarGe)s btdthgddes i n the
sanpl e and/ or_ the nunmbers of particular subtypes of cells in he sanpl e.

The addi t Fis#aPle gt BiRsR eshselyk 158N Bseriegsaby tap or eayalio A BUIROWET pecause of

the cel | ub@bodihshtd, k sy 8e HRheRAOBRKA Yuldredpa.i 180 to ﬁ)araspk Q%reaﬂ:afhblh cularly
tunor sanpl es whi ch may conprise substantial fracti f normal cells. As

nent i oneds%(%b@ndﬁii%{%%y ey arlhanenf a& aq Y- UF“ VF? gt"éﬂ‘? bi ndi ng

COMPOYINGS pRiRYityQsF diFfeRnht Qﬁ&ofﬁlﬂ&hg bcﬂn@a@da held { digeemtmddcardi g K. orpabrd has one
or nore npl ecular tags att ched throu uE‘eﬁeavabl e |link (fg The nature of
e B

t he bi ndi H@l‘a&f’nﬁ%l&’ﬁﬂlm“ﬁ‘rl@'ﬁ aigkages ppka peird BEGitaghedt %‘Xﬂy\?gr y widely.
A bi ndi ngc&ggm@uﬂdhémmlgsonprl se an anti body bi ndi ng corrp05| tion, an

anti body, a peptjd eptid non-peptide |ligand for a cell surface
receptor, a pr%ﬁ%faﬁi,y’ gr‘r"paéllai“ MBPQ‘B%F ositign 'isﬁg‘ﬁ{‘}:@p%glf‘fjsat«%aé?ﬁ%ﬂ '0g, such as
a peplti de?t&ﬂﬁi&ﬁifmg@lﬁﬂete&ninaﬁbh BleOP. Aamyocnéshgermﬂmbﬁwlzaapn@lat ity that i Sb
capabl e of specjfica n to a r.otein or ecul e or stable
corrpFOex fB’i"Nﬁf‘f‘BﬁhW"fuﬂ&S ebﬁgps‘?r@ndgmitbﬂ BPPsitiQng afy r%aéhlgp ‘P "dnodi ner .
In one as pz&!étvarlﬁy bif dodhinfegr ity rpAlabld agbodibg eitlepﬁleﬁceltﬁleld)r biylyctlclilﬁl.fhol | owi ng
formul a: B- e|n i s _bindi jety, Lis a c v.a | i nkage and
Eis a noP ‘d’llaé’ra“{‘%%‘es FRFCRG r%rgeB}‘ilgr lgrﬁg@%@o%@e@g{;gﬁ dsc OF%Hag‘leSe L, may be
an oxi dat paentNabisle 7)1 Tnksage99RBY68BIIE 5 PEEIGS! HBI 098] dacli & wehidhiankage that may
be cl eaved I n en. The " i, ndi cat es hat a single
bi ndi ng cg‘ﬁﬁéi’fﬁﬁd ﬂ’éVt&ﬁ % [epiT ‘iyegﬁoﬂ?aé%‘u? géd_égigléer%’?' tEeed tbé cl eavabl e

| i nkegges. relfd’ier@élﬁna&ﬁﬁ@ty, dikcldsss z&lﬁbddﬁﬁsemfﬁcg"ﬁlﬁﬁb@horyhﬁﬁh gites epuadind 0 one, but
in ot her rrbodl r th ver a dred e.g. 100 to
500 or 8m5’1¢r§ a?rﬁ’éﬁé@%\%ﬁgﬁ % ﬁfegﬁnoﬁgy éﬁv‘?‘?&n{;\/{‘g 'QWIEFal t housand,
e.g. 500 Ir@erﬁeﬁ)ﬁﬁhl (Wsnsail1b,yC Danth Upstatt [Ehapibttesdlld, WA ) afso diof fde mendcldnyiped of

bi ndi ng cgwg Fae%lg?cgesa different nolecular tag, E. d eavable |inkages,

e.g. oxid i nkages, and nol ecul ar tags, E, are attached to B by
way of convent@lembledxhleig‘eﬂbérﬂs virRaBf sryabényical Bnkisg gmulamatiﬂmyday clavedi ng

conp ()s It ﬁl?de'r[ ao?iiti'é xps(; Atfglnggtl Petﬂe s%ruE:O ac‘)rtcl cggei_%:tlorbc arac erls"%lr(]:s gfqﬁl geni ¢

dete m na PG ES speC| opes are provided
in the exsigpbedsndeulaf @gtHh Wiensen cxdhmmglpumy 1samqmaihbm@g¢secms assxyeadi |y fornmed

];:: O[)nolay\(,:V: Oﬁrg‘v’cacl:‘l?a%g e nga i3 cfe::%waéd Ib}/ a Q) Ia!gea apgegt generatgcplgy e élea%ntgrf)?obe monocl onal

that acts over a short distance so that only cleavable linkages in the immediate proximity of
the cleaving probe are cleaved. Typically, such an agent must be activated by making a
25 physical or chemical change to the reaction mixture so that the agent produces a short lived
active species that diffuses to a cleavable linkage to effect cleavage. In a homogeneous
format, the cleavage agent is preferably attached to a binding moiety, such as an antibody,
that targets prior to activation the cleavage agent to a particular site in the proximity of a
binding compound with releasable molecular tags. In such embodiments, a cleavage agent is
30 referred to herein as a “cleavage-inducing moiety.”
In a non-homogeneous format, because specifically bound binding compounds are
separated from unbound binding compounds, a wider selection of cleavable linkages and
cleavage agents are available for use. Cleavable linkages may not only include linkages that

are labile to reaction with a locally acting reactive species, such as hydrogen peroxide, singlet
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particul ar, antibodies specific for epidermal growh factor receptors are
disclosed in U S. Patent Nos. 5,677,171; 5,772,997; 5,968,511; 5,480, 968;
5,81 1, 0980 2ennis3wB whi ch are incorporated by referenceprcmustasoeniarz ety.
U S. Patent 5,599,681, hereby incorporated by reference inits entirety,
di scl oses anti bodi es specific for phosphoryl ation sites of proteins.

Conmrer ci aly ‘é&ﬂ&l@ﬁéhkest% le@ﬁ»nkggésltham Ndl1é RAIRCANhAKY &MY, MY,
Bi osour ce Internatlona Camaril | g Upst ate (Charlotteswlle VA)

al so pr ovicadiopFgBIcoMal ashaes- lﬁ@W@l‘%ﬂﬁ%P %{?ﬁl‘?aﬁ%i%ﬁ linkagesy limkRegprlervrllnRage, L,

can be Vi rlila@bh MinRiR¥s QDREI GPbxidatibK 28814510 HikaR@ahd PRYidDENIESS 3KAdblgNder
condi tions that do not degrade the structure or affect defection

char act er Pxtreeific pptepsse Rte@Ffélﬁ%séﬁscﬁ‘Blné gygnaguch Hekages inolile Gasras and Wytsavi ng probe

is used i v, HORRARISOMS iPORANicISPIhBLs, Scedraanadh Sohi WHBO Sohs, New Cl eaved by
a cl eavage agent generated by the c| eavi ngﬁjor obe that acts over a short
(5

di st ance ¥6rki Hermapyony 990, Bigarirgeta Teriugyes AcHemir essmidey 206 &3 mity of the
cl eavi ng pigh®oas sscheaved. Typically, such an agent nust be activated by
maki ng a physical or chem cal changbe to the reaction mxture so that the
agent producesN&&#8FE cPmipsesialy pyajadle pleavalle reppeaf sygiems 1oL e ¥PIYed| eavabl e

l'i nkage t @itgfnk @6ntfoneR+ 388npld, Bd@ulhﬁmg’&ﬁé&%eflﬁi‘dﬂﬁéed betheercdneaim@e agent is
preferabl attached to a bindi ng noi etg/IE such as an antib ly, that targets

prioff to ?‘P&%&f‘?%ﬁ‘t‘?fh@‘délf’éoé?}’élb‘ém&@%?ﬁ eprofunscsipnal agentyuchasNs” | 1yt he
proxi m t ys@finmidjl BQB-‘BQ‘l@WQ}Wi@blwafel’(SPBﬂ’)eﬁﬁﬁﬁlhﬁdyﬂ’ﬂk&&@Mnﬁlta-inagﬁl.-a-{m such
enbodi rrents a_ cl eavage_agent is refe{'B g to herei nlr i’P 8' eavage- i nduci ng
moi et y. " PYidxlditbinMielusne UV thedikprgivailaple r&H‘s"é“@b%%’F AP C5BYAE  bi ndi ng
conpoundsCadgans eRsk kS UL)f DRONUE Bnd Rhrbdudel BYGuetDlfkagHs d& bedbroMeflBy sel ection
of cleavable |1nk and cl eav nt.s ilahle f Cl eavabl e
| i nkages WEMHGY 1t€% F‘i}i“?‘?ﬁ:"f&ﬁ&‘esulcﬁ%ﬁég”?"‘f‘?‘?é\agﬁq) hiogTY ‘tctl &8 f@a@t ion with a
| ocald y agbicai@odtifaélior YRIiBPBsEbIBErids mgzmcaamhwa@@e of Relong adents Bieffgdt et oxygen
or the I|i e but_ al t’ﬁ kages that are | ent.s t@ .operate
t hr oughout eaé(ageeﬁiétw‘%ﬁ '@f fF & the fhoge 035“3 @ I@%‘f’&e% Pridalys % 8Rot ocl eavabl e
l'i nkages, linkafkngetse lﬁﬁcﬁiaveatbleﬁvebfyarr@dmy|bmamglcbmis@ges atd eaviechldyagoxi dat i on,
acid-labile | nka nd pe es cl eavabl e cific proteases.
Ref er enc e'és“@éé %?@Nglﬁceﬁterl FHR: é‘a]ggg eAg é‘é“c@nég‘ﬁ%l t&e‘?ﬁat"’(/\ﬂt s, 1991,
Protecti vg)sﬁ)@wpﬁblb lﬁo@rPgadsu') maSwﬂtahesersml ﬁemeladaaEﬁb busedptibld wmeawgeey & Sons,
New Yor k; manson, S c Pre
Yor 2% and™l§ § g} pesiggat p%?gate FiP ?ﬁﬁ °%§‘E8§1f°rﬁc*8 kﬁ%‘slsﬁ' Eval I abl e
cl eavabl ECdn%g@ft'hﬁ&y@h@ﬁSorﬂmylerbﬁn@rM| chepedd wwhtshoﬁglﬁlcleﬂpkélm:igerns stketiras exanpl e,
adisulfigy kage % i,nt roduce e J-body bindin
conposi ti g‘ é{%n%ga%h iiyd“t"éb‘a‘a‘& S[ £5) \tla\t%e R lrjsnac ? ggg chsg 3BERE “8lch as
Nsucci ni mbaiyitroduced by a homobifunctional cross-linking agent such as ethylene glycol

bis(succinimidylsuccinate)(EGS) available from Pierce (Rockford, IL). A base labile linkage

25 can be introduced with a sulfone group. Homobifunctional cross-linking agents that can be

used to introduce sulfone groups in a cleavable linkage include bis[2-

(succinimidyloxycarbonyloxy)ethyl]sulfone (BSOCOES), and 4,4-difluoro-3,3-

dinitrophenylsulfone (DFDNPS). Exemplary basic conditions for cleavage include 0.1 M

sodium phosphate, adjusted to pH 11.6 by addition of Tris base, containing 6 M urea, 0.1%

30 SDS, and 2 mM DTT, with incubation at 37 °C for 2 hours. Photocleavable linkages also
include those disclosed in U.S. Patent No. 5,986,076.
When L is oxidation labile, L may be a thioether or its selenium analog; or an olefin,
which contains carbon-carbon double bonds, wherein cleavage of a double bond to an oxo

group, releases the molecular tag, E. Illustrative oxidation labile linkages are disclosed in
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3-(2-pyridyl dithio)propionate (SPDP), succinim dyl oxycarbonyl- -nmethyl--(2-
pyridyldithio)toluene (SMPT) or the |like, avail able from vendors such as

Pi er ce Chwoizeslos@wapany (Rockford, IL). Disul fide bondspcmtuseduoet7by such
| i nkages can be broken by treatnent with a reducing agent, such as
dithiothreitol (DTT), dithioerythritol (DTE), 2- mercaptoethanol or sodium

bor ohydri des pl¥RiNGl6 ma@@mcr%zz@m affin P@cﬂidﬁédﬁgs @g@ﬂttzsppm@aﬂ@ﬁ feet cl eavage
of disulfide bonds are in ge of from10 to mvl An oxi datively

| abi | e | i ARRGW1HREY awqoﬁ@ﬂw&%éﬂcwméﬁ f&FFbéH’LCP‘lBBVGS‘FdB?rﬁ’Hlbﬁ& EBHposi tion

and a nol gCtledtirely@d Usi ng the honobi functional NHS ester cross-Ilinking
reagent, disuccinindyl tartarate (DST)(available fromPierce) that
contai ns cent r ¥pelegylar t%ﬁ 51 18 therpagseny inyertipn may cpipprise £p clegtiorltidegdst h sodi um

peri ogat edserikkd.in thd fOMYvRR réfBdde© whdn @Mﬁioﬁbﬂﬂhﬁﬁﬂlesﬁﬂnﬁl@éuleﬂ' tdp9ufes) . Li nkages
that contain esterified spacer conponents nay, be cl ﬁaved WI{)h strong

nucl eophi FAHedRyé Py gas Cgrﬁl’flﬁt"&@plﬁ’)fﬂwpa‘iﬁoﬁ‘éﬁy §e@eg ghangiy ¢y dPGxy | ani ne, pH
8.5, for BiRohifsCiin. &mﬁz 16@@@@&9@3 awm@ezua&mjmﬂs@m&

honobi functional cross-| bikgS agent @gﬁh as_eth Jengl %

b S(sucer Nemdanash SRaH s seey o Q. Frebt Bhish ORrb BRIBIEE | L) A
base | abi berdfdrétkagatseatireye |ntroduced with a sul fone group.

B O o Say b Sl RoeTt . 1Bk ARS8 b LL gejyce sl fone
(succi ni Niediydcos Viak@pecmsysspdchiyl bisglbfoangn BIAOmA)desarnietedtiopoeli f | uor o- 3, 3-

d|n|trophen | sul fo bagi c conditions f cl eavage

el uda” 0RO S E v R b2 00 SEICRTe &b 5 S EPVE of 1o s
base, COﬂh@leB&lﬂgNeﬁgthuh@ange(hfﬁ%’mSD&t safwhbauth)DETtpnsv\mbh prafaetiattioan at 37 0C
for 2 hours ot ocl ?Wé':ﬂnﬁ nka es al sp include tIEhose disclosed in U S

Pat ent No2POst ) eri*b t4CHY) §TRUP IPT SRACFAE 2 ¢ hi oet her or
its sl enelucmoalfbaﬂl@g flublesaait od kiebinbgenithiigahl. enibadimsnts anploying detdatish ioubl e
bonds, wherei cle e of doubl an 0x0 rel eases the

nol ecul ar Mf&y; " " \{‘Ia%’sﬁﬁﬁalr?eg’oﬁ% fe'é e?ecﬁﬂoq AEre: ﬁ%&i&e@‘é 478t scl osed
inU. S. Papg@ap gdverates bfibddscdfiGigand 5, 622,929 and in published U S. Patent
Application 02/ 0013126 a 200 15; C ich.is hereby

P bor por at ed nEPERIEFES SAFEABNRRY PRl P pLisg PR Bl B £ (0t he
present | chaedtetistic andlyr Cniquk ioptéca ot Glithogshent totthd «ageraﬁ:nﬂte:scofthbmhd n the
fol I gy ngﬂl%lea%é gxnog)ggsﬁwgﬁg? cshe M atrr!tp%pc o? elearogﬁc?felctsleeasr%t%];\c agac?erxstlcaig tags are

carrTed o NEss ., Zhang et
al, 2002, re&nnmmnpulgﬁl'e:@ sﬁ’kﬁfrstanda%d §e@€}2t10110:])ﬁd1t1@s e&elpntib@ﬂ&;l thAma)e.g., Che m

2: 165 168 Pat ent  Nos 750; 5 360,81 1: and
5. 602, 273V01§1§ Liu n RiSSUES, colurﬁ tpfgfb)’r/no?ﬁéc hra%e’oorr g{ect c]op160re Z}Iaglﬁ)(l:l emeglumi ts

enti rety. In another aspect, the optical property is a fluorescence property, such as emlssion spectrum,
fluorescence lifetime or fluorescence intensity at a given wavelength or band of wavelengths.
25 Preferably, the fluorescence property is fluorescence intensity. For example, each molecular
tag of a plurality may have the same fluorescent emission properties, but each will differ from
one another by virtue of a unique retention time. On the other hand, one or two or more of the
molecular tags of a plurality may have identical migration or retention times, but they will
have unique fluorescent properties, e.g. spectrally resolvable emission spectra, so that all the
30 members of the plurality are distinguishable by the combination of molecular separation and
fluorescence measurement.
Preferably, released molecular tags are detected by electrophoretic separation and the
fluorescence of a detection group. In such embodiments, molecular tags having substantially

identical fluorescence properties have different electrophoretic mobilities so that distinct
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Mol ecul ar tag, E, is preferably a water-sol uble organic conpound that is
stable with respect to the active species, especially singlet oxygen, and

t hat i nclwoesiossstecti on or reporter group. O herw se, PETrmyovacye7m del y
in size and structure. In one aspect, E has a nol ecular weight in the range
of from about 50 to about 2500 daltons, nore preferably, from about 50 to

about 150QclalntmRRctrdphBRYramArd oS Bdd SepafatibPEnikioMPPERFbIENBRGdsNY an
el ectrochem cal, fluorescent or chronogenic sig I n enbodi nment s

. . . na ", .
enpl oyi ngotreeleRtdr &igs pihermyentiorarsgpariisd Oy 4o catiose sanitiane clfprostgefor det ect i on
pur poses. afyaehRr &Mk the PR sélRt BCIbk0e SaQeiveafaIar AvaE ntatdy. BAFS&GAREr Si gnal .
Mol ecul ar tags within a plurality are selected so that each has a uni que

separ at i oRlCePRPYHeEPaERt0B: %@P'ﬁ?u){aa tagh PG feeBpt Aot tifddpateling th respect to
the of her nn&BREA:S sighald 4@ nS@Eor s brintiYratidn 1iQMRes} SPBE Separh i@ céifformmt ogr aphi ¢
or el ectrophoretic _separatjon characteristic is retention tinme under a set
of st andaPobYsSepistineshed Aldr et vsriiorsiseant rrisaet migrationeot heymoleeulpr tags, | t age,

col umMm pr @ss Wk @n el6HodheRodidRIE PrefiRdbly, Bhe PRAGEe, AbseBleRGH/HOMMRE b BolsQRAr at i on
medi um | n another aspect, the optical propert fl uorescence property,

y is a,
such as effBS¥P ALY MBiRg O % BB taaRrds asidfs lorety gpbliheddl Sdektie i nt ons ty
at a gi veRppmvedeng o1 7omad 1 obhiviely BéresyahdbspordtidtyataRht, in ithéntitdntior escence
property is fl uorescence inig el\nsit%). For exangtj 3# ach nol ecul ar._tag of a
pl ur Hl i ty FigdsF 3Pa0%s tHfaoBRlRet 1eloriests ftPaEhy L i r-§ﬁfz¥dw‘t°f)@§f,wem@ Bach wil
di ffer frempdangenabthbgesehyinventibdle of a unique retention tine. On the other
hand, one or t

qQr. re of the nol ecular, t of a.pluralit have
i dentical migr raffiesF mplsE UHES ey iaﬁ%ﬁfs desigpe RESFPARRGR bﬁé@fema%yagrg@gf
f Ihuor elsfeﬂésed)dSIO@ﬂro'E inﬁﬁ:],cph?sri]@l ct{sfae@fimb ihyit i @8d2|nveadebiRr Qﬁﬁ‘giﬁjﬁdh@%b, S pﬁct ra, so
that all the menbers of the plurality are distinguishable .t he
Conbi nat | SO TGO RS B gt e e B et e s g i
Pr ef gy abl y,S. paki@apprcatiod 96.10003/023383R, ahieh Betas @eorpyrated BLicfeppboineki C
separation and the fluorescence. of a.detection group. |In such enbodi nments,
o ecul ar SHEES e SR fgh T iR PREO PR Bbfer o1 e have
di f f er ent cadhetypQpblar ghhdecmotilRi phask iagdths tikd, Foweld Byt delectiqhed l pluratityeot
el ect ropherpgram are formed under separation copditions. Preferably,
ol ur al i t1 BRIeEHE s L may b5 sspeted o Wat DL REig ST APES Al oREr i
convent i oRalerat fapiotsldateymied whick HPhO teebiiGuedpadcatl its usetin thedfiventionf he presence or
absence of convent j onal sievin trix. ri.ng. or .after .el ectrophoretic
cepatar i oheigRE MearhPEmo R B o Bl pa R e PEE) Foecor at ng
f | uor esceestimaei quatisesai eachringileatilaong thatweid bé géneritegrimth agayd| the avadigslity of t he
separ at ed_conpounds, or. b onstructing a chart of relative fluorescent and
or har o HRGRCY gisf oS b4t Y s AR for U S srd B psiEST o oy
Pr ef er abl yssaystbe ptesanoedaliptapinyed andhcoavaidabilion rebusthessebe aud @re éfags ar e

gg?;ﬁ{ ed gl}éra%li%h QleQ]fte ingtl;umné?l{a(ta’lons,tcf)alﬂrcrilgsr 291 sc?]%en(?sl. %%Ae?ﬁglgco?txnr{%%rl?& i shed U.S.

25 techniques are favored that are suitable for analyzing limited amounts of sample and that
provide the highest resolution separations. Guidance for making such selections can be found
in the literature, such as, for example, Snyder et al., 1988, Practical HPLC Method
Development, John Wiley & Sons, New York; Millner, 1999, High Resolution
Chromatography. A Practical Approach, Oxford University Press, New York; Chi-San Wu,

30 1999, Column Handbook for Size Fxclusion Chromatography, Academic Press, San Diego;
and Oliver, 1989, HPLC of Macromolecules: A Practical Approach, Oxford University Press,
Oxford, England.

In one aspect, molecular tag, E, is (M, D), where M is a mobility-modifying moiety

and D is a detection moiety. The notation “(M, D)” is used to indicate that the ordering of the
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Application No. 2003/0170734A1, which is hereby incorporated by reference
inits entirety. Figure 3 shows an exanple of electrophoretic separation of
a Her-2 twg 0m/mswer dance with an enbodi nent of the pregemtustonveni2rDN.
Pluralities of nolecular tags may al so be designed for separation by

chr omat ogr aphy based on one or nore physical characteristics that include

mol ecul ar W'd?ﬁmwt%@%? be %h%'t élih@lymm%%an ltbyJaQ&REth@éléa\(/abl&hﬁJa&e L. polarity

or the Ii di scl osed in published S Patent“AppllcatlonNo
2003/ 023582 is, {HiLd M, YT dssigngtes bindingropmpaind af pifer dftee e “Pri-MB  entirety. A
chr omat ogrc@_@n'b(Mseparatl on technique is selected based on paraneters such
as colum type, solid phase, nobile phase and the |ike, followed by

sel ection of algeaiipmmoiesy. Bf manbetiiHomscanhlgeel prdye: helyompeenie phelof é\’d’o{o form

di stigict peaksoMemRANESeli FleBrabll 91 MRBRERKI 8. ExoR¥BFAuofa&hQlySs @pt er m ne
whi ch HPLC technique is selected for use in the invention, including the

nunber of useoYiidhA igyentianyiaclude waergpaluble radamine dyes, fuqeesesinsed. 6 t he pl ur al | ty),

the esti naiREoAUABcLRS, %&z@ian%ﬁéﬁy@ir@%h’ér@}r trdn@@r &Ratas Wisd1bseD @ tBENEr ated i n
the assays, the availability and ease jynt hesi zi ng no) eculﬁgr tags that

are candi BPApPEEZHEprences dnopyQys 2199%@“?74(’0%9 P fpuios frobesdifResiard det ecti on

nmodal ity @ ,Qy%demctolfeaﬁa@weé @bgénbtcya Ugbld&hne&%l@lm, ey oease of
operation o i nstrunentation, sol ventiq Cener al | y, colums

and %‘bchnﬁﬂ%@”a? %45553'9043%95 Ehand 513&8 §4§r %‘gﬂieéetf”ér IR FA S i t ed anount s

of sanpl epapghch habsiBray: de:tgy, D Bhaesbrescemel bl csiRBAMALIVONS. Cui dance for

maki ng such sel ections can be found in the Ilwgerat uCBé’\Pe‘fg(:h as, for
exanpl e, SnydePnesrachp! thedadingspmpqunds;is sqpeiatelydstiraige PiEnt, John Wl ey

g Sons, :\l%\zls?ﬁﬁﬁrkagﬁm;s] ﬂo?@ﬂ gwtil%ﬂlgx; blﬂll@boR@)SﬁHdbltd Nigﬂn %blmfkamtc@grnam@y A 1999,
ractica pr oac or ni ver w Yor

Col urm Ha?fa%&msoﬁlsusméa%?) 3@%# Bﬁ%ﬁ SgPapeys Pfﬁ\%?aﬂamcemwglgg M San

Di egys  anghe leé/;ﬂbportl&SﬁowdvﬁLﬁeﬁdva&fsmibeezuleeas a&es@handwecsalthaép@r@ach Oxford
Uni versity Pre Oxf or and. In one aspect, nolecular tag, E, is (M

D), wher es‘ﬁwfitg ”l‘FBB‘f P‘l“g‘i?g 01“ S RSP ST HIVer RORRtLePEHMni et y. The
not ati on of Mk dérability oblEQGirdnenis st aGatRulbhiboliiiRnit d8kY. Fectork tHatvedyl and D

noi eti es nay be uch hat eith noi ety .can be._adj acent he. cl eavabl e
li nkage, ec*l“‘r‘r‘é]f gsign c ‘B“L‘ kﬂde%}‘“arﬁlﬁ%tit%ﬂﬁ?@sarﬁ‘ibﬁ‘gji% Q&ﬁ%&ﬂ%‘& 8t2 ei t her of
two for mSpartldirld; ‘tzﬁ&e@' rel@tive p&vh}e@ekﬁ takget, @abreent KRdr&teristids,of ABteddion a

fl uorescent nogeni ¢ | abel or dye or an el ectrochem cal

or dgte, r?ilt ro
| abef? Pr@P@Fy Ia§/“°e|5ulia agand igikescent dye. Exenplary fluorescent dyes for
use with the iA¢RMapOMmdudied rudetyvmtc&avlsg)algahxleargkmﬁammedtdymn,acﬁ\}euor escei ns,

gl’ Z;:I glsgglsqcé%lg{ U(?SI’ c%?)e?b?e cﬁ%leaw%‘g % glxavaﬁlg ﬁlqk%gg ¥> %erﬁ)r?}g b}? 9x15a%¥n e?egg‘t];l)%r dyes, as

the active species is a chemical species that exhibits short-lived activity so that its cleavage-
inducing effects are only in the proximity of the site of its generation. Either the active
25 species is inherently short lived, so that it will not create significant background beyond the
proximity of its creation, or a scavenger is employed that efficiently scavenges the active
species, so that it is not available to react with cleavable linkages beyond a short distance
from the site of its generation. Illustrative active species include singlet oxygen, hydrogen
peroxide, NADH, and hydroxy! radicals, phenoxy radical, superoxide and the like. Illustrative
30 quenchers for active species that cause oxidation include polyenes, carotenoids, vitamin E,
vitamin C, amino acid-pyrrole N-conjugates of tyrosine, histidine and glutathione. See, e.g.
Beutner ef al., 2000, Meth. Enzymol. 319:226-241.
One consideration in designing assays employing a cleavage-inducing moiety and a

cleavable linkage is that they not be so far removed from one another when bound to a
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foll owi ng references: Anonynous, 2002, Handbook of Mol ecul ar Probes and
Research Reagents, 8th ed., Ml ecular Probes, Eugene, OR, U S. Patent Nos.
6, 191, 278yo@nB/i@3£67, 6, 096, 723, 5,945,526, 4,997,928, aou/us@082846; and
Lee etal, 1997, Nucleic Acids Research 25:2816-2822. Preferably, Dis a
fluorescein or a fluorescein derivative. Once each of the binding conpounds
i s separ at&kMod@idpRlHaZ &6 allive pediel ERERRY b Bk et aBE-iddddng thbiedySal@O! €d with
ot her bi nding conpounds to forma plurality of binding conmpounds. Usually,
each di f f &ffisientixelpaye g clspyadledfkass i ounesrees clspedisdinkagss BreERYES tion in the

same propwithinBoutOVEMSEnd REGRBI WitBASbSRY0-DE0 MAIJf@BodR cRaE@SIANCiRI0I CE SO
that one or a subset of partjcular. binding conpounds are present 1 n greater

or |ower PFRESOMIBPrelEBnET RPISANSitizer dfa¥asrdpiuring (ofstes ERUMIE HBEES for a
par ti gul albxRixh Qlta v linRigeR &S MithinkB6E 00-306 AAbf AEstRbdsREREr iSbeRefd@Si gn choi ces
include, but are not limted to, antibody affinityﬂ%nd avidity for a

parti cul aroRRlpy e rapgq withiy, whigh a Glapvags-wdygmenaicly gut effeptvgly cleaveht

clhar acter ic&‘lé\iaﬁﬁ li@fcaga_(tdﬁt@aremrélnmghg{o}ecmﬁr tdg o REAE Qﬂetéoﬁﬁleﬁiyﬂam taedl i ke. A

cl eavage-i nduci ng noi ety, or. cleaving agent, 1s a group that produces an

active sp&drEed e figggin ?%‘tscaﬁg%PSP’%PrBT“mdtP’eﬁf‘rg ﬁ&oramewélva\lbﬁls at Wﬁﬁg%,mzsr eferably
by oxi dat iiafthe Bfr&kies @bkisity bh@paatdulay SnSiRRE hR$ dépendorCiie WigiRlof  patduds t hat

exhibits shoﬁ-l i ve&j activi té‘z SP thadt i és cI_eava%ei nduci ng effects are only
in th présPhissiEn ard pRebegjetegnigpd qrimodificd By raWignexPEIPHEEAIoR he active speci es
LS iknher egt Ly Abg{sttiééﬂ' iy €cbmpdand hatcat be Mdlckd BQEnEdteateaetve gikdrinbdidttor | 4
ackground beyond. the proxim of its creation, or a scavenger js enploye

that effi cREK »|“§/“a§>§%@E@’é&g?h%%fé@%lyvae“%%flés§, ITa5CRTHRRES YA 18 THERIORy o | abl o

to react WwWdghonkasiviad @hdristisanes ileryanditan hbedope of thé Mnakiod srom t he site of
its generation. I]lustrativ ctive species.include sipglet oxygen,

ydr ogon BUPONTRNE: AR ATy Rt Iy PO R Op BRGSO cuper oxi de

and the | rd@se 4 hbldaille @tsingRt Gy@aC MRS esf I@bwA GlemY&s 6PBR icRSs dfdahpsuadss e

oxi dation. ipglyde pol yenes, carotenoids, vitamn E vitamn.C i No

Sei d pyr r BEBORIE SRR S Py potrroosyt | EPm gl gt rlT See, o g
Beut ner etipAényladBeideneMetobendbgezokideland 36,1901 286G apiddyl nagbialcaons2-der ati on in

desi gni ng _assays ,enpl oyi ng. a ¢l eavage-.i nduci ng noi et nd a. c] eavabl e
ke SRERGEREh Ea T Bt B R el Ry Her e s BgkEn bound o

ar ecept or oxy@rp/Faxhdr kakitizdiearadistlved dpBt Masige ner 1@Ded AR LeM e 55:287; and

cl eayage- i,nduci n | et annot .effi.ciently c | ea ) i nkage.
P R TR e S S T R R e L

preferably w tPiomselsoiztrs 2Ry BOGtaohed doéctly obdinettlg) veanoagient or mehb@ivaignt noi et y.
Mor e prefer.abl r. phot osensitizer .cl eavage-.i.nducin i.eties generating

st gl ot oRygan ot i dBr bR SR b ERiE SRR USSP ST D %2

phot osenstdmpsitionsnpaticuéatie forantiltodivp hebindingwgentaag evailablb imhadiecturge.g.

cl eavage- %nr}geu ﬁélc'i]sgof %‘Rci)tgéy%argl% rghe?efp];/,elgntmiu\rllc%ié/gngsltl%sé} Y& Be tike. Exemplary guidance
25 may be found in Ullman et al., 1994, Proc. Natl. Acad. Sci. USA 91, 5426-5430; Strong et al.,
1994, Ann. New York Acad. Sci. 745: 297-320; Yarmush et al., 1993, Crit. Rev. Therapeutic
Drug Carrier Syst. 10: 197-252; and U.S. Patent Nos. 5,709,994, 5,340,716, 6,251,581, and
5,516,636.
A large variety of light sources are available to photo-activate photosensitizers to
30 generate singlet oxygen. Both polychromatic and monochromatic sources may be used as
long as the source is sufficiently intense to produce enough singlet oxygen in a practical time
duration. The length of the irradiation depends on the nature of the photosensitizer, the nature
of the cleavable linkage, the power of the source of irradiation and its distance from the

sample. In general, the period for irradiation may be less than about a microsecond to as long
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cl eavabl e | i nkage (that is, cleave enough nolecular tag to generate a
detectable signal) is referred to herein as its "effective proximty." One
of ordi nawvy 28tovdsB4eBn the art will recognize that the efPectusz@operzrz mity of
a particular sensitizer may depend on the details of a particular assay
design and may be determined or nodified by routine experinentation. A

sensi ti zefs h§udo ﬁ@x{ml{ﬁgalfyh@&e?ﬁﬁge Qﬁbblﬁ@H@ﬁthteEbng%ﬁfo@it@ sBcon@Aghd ve
i nternedi ate, or specles, "usual Si ngﬁ et oxy Preferably, a sensitizer

used in a@t:eewwnél,en%hpﬁlrltawéﬂanw@m bow csenhwﬁﬁ%%@é?%?W&%lf% ofper

sensi ti Ze;%l%tds&ﬁltfig%lé%feb Iughahin@t IS£0PButB0% ST eheiph¥BRhEiRRr ADREQHEAOUNAS t hat
on excitation heat ? , Lonl zing radi ati on or chem cal activation
[8)

will rel e@rs%raalyrmub@@m%v@ f3heRhplepengfivey & lecutpie Exgaplark Hetpousessielude of this

cl ass; of ﬁmwgseé nl?e'hUlqule&hﬁs#anl%&?fa% gas; l§§é?shH§/€d lasers and ruby
| , 4- bi scar boxyet h édg 4- napht hal ene endoper oxi de, 9,
S,

di pheny| aliert Rl ; TP IR S HD HIGEN A EPYg lEnpE: ‘fcai’d?ciné{afnébﬁ’éhﬁ
napht hal epg fan dés%n gl NS N anh‘lﬁaghlaﬂﬂ)s Xn Sbmpaly ABSRPitioadedde | | ght by

t hese conpoun rel eases singl et oxy Further sensitizers_ are disclosed
by Di Ivas%‘i‘tébléf"f He, mﬁlggwthoﬁzﬁ@%w orslséls%es?d Intsrppticag) Spigntyublicgdon 5 pj of .

Chem 25 8Ner? 99059969 Fih &hidhQ@b8dimaits, t&%@madﬁeﬁtﬂ)n dENZYiIB arra$ fb@hé}rt 20.

Phot osensitizers nm attached directly or_indirectly, via coval ent or
non- @oval @piftingidiod égDS)t‘%O“PWQ “b‘?"r‘fﬂf‘%@a‘d’égﬁfs thy simulpanequs 1lugunafipn %faﬁeagent.

Gui dance tf}l@cveppgﬂatggu@mpm such conposi tions, part| cularly for antibodies as
bi nding agents are available in the Ilterature . in the fields of

phot odynami ¢ tHemalssof nhastraetrestAd ey s Utilzed “’tth"eersieR’énVGER%T PSP gui dance

may be f %Mabé"th%ﬂoﬂ@ﬂ”oﬁém@'and &18&4}1SCB§@Q)y UN\B.tHatenAS&A5, 5580434 USRS 3302,
5426-5430; St I‘O SclL, 745; 297-320;

al Aca
Ve oo obS6 33105 995 5 10 s TGRS Bal it e S LT PR h Esforett 197- 252:
and . S. Paaénenbpll\deﬁonﬁ) 6081098 4artn 340, 1036 MhodbLnHRal, 18663 5545k0d 636. A

| arge varjety of our ce areaall bIe

phot osensf g€ af ﬁg?aﬁeé @iewg%ﬁc 63’(%/ @hier ‘%6? ﬁ‘pgéoﬁ'%;?h‘l&%% ic and

nmonochr onﬁhélﬁzeassowce@ﬁn Eiﬁbbdbﬁentb?@&o&ﬁedsﬂﬁg nady be Agosiaed inh ) §olﬁlp>f(;zisb ciently )
intense to pro e enoygh sin et oxygen. i cti uration. The
| ength of SYPPREL Y a&ca‘ﬁ%ﬂy rf&%al?fﬁygﬁaé?hﬂgf’ﬁ?éur afcef’ﬁtgef) r%%enm tizer, the
nat ur e of intdiporstb®muatid m)d&bﬂiﬁag@poﬁ.heg@ﬁmnheqﬂmmmsﬁmrs@asoofbteu witadi ati on and
its dlstancefromthe rrEIe. I n gener.al theoq%} folr |rrad|at|on may be
| ess?% hant %‘E’B?rtﬁ‘aﬂha@f’lﬁ’gé’ SPATHD 2NEVE B GRS S4B, PRt %EENysual Iy in the
range of @bty afie€aniduhl ifpReoRdsitier Bldewimifdd capeatisaccditiag tanbetsi ty and

| engt h of radi ati on should be sufficient to excite at |east about 0.1% of
t he phot o@%h%q%ti zer nol ecules, usually at |east about 30% of the

phot osensi ti zdh ofidnedingat, a pibt@emiteaidingorpsrates irand latek Ipyrtielk ko fofm t he

AR T NI T S
25 International Patent Publication No. WO 01/84157. Alternatively, photosen51tlzer beads may
be prepared by covalently attaching a photosensitizer, such as rose bengal, to 0.5 micron latex
beads by means of chloromethy! groups on the latex to provide an ester linking group, as
described in J. Amer. Chem. Soc., 97:3741 (1975). This reaction may be carried out, for
example, in a conventional 96-well or 384-well microtiter plate, or the like, having a filter
30 membrane that forms one wall, e.g. the bottom, of the wells that allows reagents to be
removed by the application of a vacuum. This allows the convenient exchange of buffers, if
the buffer required for specific binding of binding compounds is different than the buffer
required for either singlet oxygen generation or separation. For example, in the case of

antibody-based binding compounds, a high salt buffer is required. If electrophoretic
-39-



| asers; photodi odes; nercury, sodium and xenon vapor | anps; incandescent
| anps such as, e.g. , tungsten and tungsten/hal ogen and fi ashl anps. An
exenpl ar ywphotomssisdvat i on devi ce suitable for use in thecrshads2nf2t he
invention is disclosed International Patent Publication No. WO 03/051669.
I n such enbodi nents, the photoactivation device is an array of |ight

em tting gdhaden off bE R as 0 t@sln;smyehquémgertpemmﬁ@dem &axebéaa)ym mul t aneous
illumnation of all the wells in a 96-well plate.

anpl e
phot osensXchanging therpyifer fagong éhathas ajlongy Sf}“rfof"?'?@“ﬁ’roéé‘éﬁf’le f?ffé@ﬁ??&?ﬂf@ﬁ? ‘e those

that have the @M\é@am@mr&hﬁ@p@%&mr@ as&ln%emh watéa afﬁtlb&@taﬁd\& Nos.
5,536, 834, 5,763,602, 5,565,552, 5,709,994, 5,340, .. 5,516, 636,

6, 251, 581860%{ﬂe|ryen@rmpt%wdlw?twg H%rﬂ’aﬁ%fﬁdﬁ@é’?’r‘“ﬁé% @WEOS%BF?‘&&I?CB‘HS Ko.
0484327, Weiréd"prﬁﬁarﬁhaptell&&ﬂanﬁﬂ@dyh@ﬁjSloﬁﬁwmntlbohgﬁncﬁﬁéfeﬁ&ﬁsec@ﬂﬁ}y Yarmush a/ .
1993, Crit. Rev. Therapeutic Igr ]ﬂFCarrl Syst,. .10: 197@ W th
sensi t | ze?-hapin piading protelys sy PREHeE an ae?“ﬁ%*ﬂﬁ‘ﬂ*&&%??é){ P srgptayidl) fherassoci at ed
with ha S Ocldfnd)lrﬂh&fﬁ%f ﬁ“ﬁ Pabry Rid ResrdagryGaigaltedt hyll Riowhan t}ﬁamai@ﬂx]?lawh attached
to the surface .o e support or of the support.
I n gener af°maREOTSI gf‘iﬁgéeﬁ Siaiee‘iaughég%gg‘%%“g@@gz \ﬁ]"f"%’of’gﬁf@ %6‘?”[’ in an amount
necessar %/Pﬁo@es&ﬁzth@s\é&rch meagaez@e\gszamnaﬁrm&um Pﬁ)bdél;?]li@en@)@{gaﬂﬂ exdogngy al |y, the
am)ut of photaqgsensitizer |s adet ca accor |ngtorout|ne
s SO Rt BACHHB RS TRTC Pt abeB B SEg | o m | at ex
parti cle ITeQasfaBII’eMg@bm’smsm’zed’ndbﬁﬁh%,anﬁm@y dadafited 0litaden by U. S. Pat ent
Nos. 5, 0994aﬁ rg 3, ?]tJnterntlonaI PateB% Publlgation No. WO
01/ 841 57PeliFaly R\ ere‘ffﬁBF%% §F¢tePt2é IMEE FERERIC GECPF BEAled by

coval ent | yindliid protein)ge. Atrptdlidis eNdiattied € biothUsingiag mubipl: phewogabitizetin@d. 5 M cron

ot or 1R COTRRT e eaprBaie ki e Sedro &y oo BHAlY' (1o75)

Thi s15r eaCatnltlclﬂotm&yltllhﬂy Gx&i’p’ﬂo&)den@ﬂkers ey beeatiachpdl eia ﬁieaalﬁmegmupemmepmteugG vvel | or
384-wel | mcrot r the like, havin t hat forns
one el |, BesepSenlingel s Pginergpbhé R P Pt e By S<PRTEE  eroved
by the apim sueh iseGNarON HE estea © 0 nibthy [Eie uegdrdpatd at dieclesedingnbléshed Bocgdeange of
buffers, if the buffer uired for specific binding of binding conpounds
is di ffer%%%’&t“ﬂ%{ﬁ tﬂ“r‘i’esﬁ){??g'er required for either singlet oxygen generation
or separation. ThEcﬁcrllom@heeal dnsnustslheoﬁaslaodsﬁncbspbdlﬁ@dmdﬂuamadd biatedalng

co unds hi t buf c aration of
hrer%(rael easegy %11?1155 tlonlaré e hmtltﬁnon geet? sl mth o'(r%nancéiefsgn%fé |§1§ed by

exchangl ngethdfds dhnaﬁlﬁeelmetfeorcamheadahtad toldsr applllcmmns satitulglyrvdtinsingt i on sui t abl e

for el ect r.esi e | eavi ng probe may conprise a primary
hapt enat e%ﬁgeqs%%gs & %S%ré&é%n%zfr%fypgﬁegl -hapten binding protein derivatized

with nultiplelp h@tdoﬁmgﬂletmezle]ds ofitheipwdngien, aRombination of the assay components is
made, including the sample being tested, the binding compounds and optionally the cleaving
25 probe. Generally, assay components may be combined in any order. In certain applications,
however, the order of addition may be relevant. For example, one may wish to monitor
competitive binding, such as in a quantitative assay. Or one may wish to monitor the stability
of an assembled complex. In such applications, reactions may be assembled in stages.
The amounts of each reagent can generally be determined empirically. The amount of
30 sample used in an assay will be determined by the predicted number of target complexes
present and the means of separation and detection used to monitor the signal of the assay. In
general, the amounts of the binding compounds and the cleaving probe can be provided in
molar excess relative to the expected amount of the target molecules in the sample, generally

at a molar excess of at least about 1.5, more desirably about 10-fold excess, or more. In
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preferred primary haptenated antibody is a biotinylated anti body and
preferred secondary anti-hapten binding proteins nmay be either an

ant i - bi otwo 2amvdsbwdy or streptavidin. O her conbi nati ongcofUssmo2r2 mary
and secondary reagents are well known in the art. Exenplary conbi nations of
such reagents are taught by Haugland, 2002, Handbook of Fluorescent Probes

and Reseagﬁ&ﬁggﬁﬁi@zﬂfoﬁs Bl dantEibd L LA ma)Mbé ﬁgl\élr 8f loWEOBendifgi@ane, OR  An

exenpl ary conbi nati on of such reagents is described bel ow. There blndlng
conpoundsaffiaify ¢fghe irdinesagptanddbreexpedti rumbt @t @epgeymolpoulegpeesgt PRafigelant i body
derivatizgg WhExIE ohd Qtdbt@mﬁﬁlﬁg P egdt bﬁﬁdhkﬁhcblcb'dﬁgoﬁn@ ofl E(frfr)@ﬁ&xrﬂfoﬁgﬂn{eﬂ@es of
receptor dinmer in nenbrane. Biotin-specific binding pro ﬁ%%

strept avi erllsurfice camplaxendbe ompPBIMsTay b afdegiihige ks Prignte Sﬂﬁgﬁa’ﬂfé’é thzers into
effecdi Veoﬁﬂ@?(zidmtﬁ)ﬁ{o%e Probadi Me&iﬂgwmfectabﬁé mnisperi fic binding protein
may al so be an anti-biotin antib and photosen5|t$zer éwge attached

via free am nelh§rasap mHHuUE R %FBW@H“FFW"(‘PBWWH%? s Bt MgVidH Bk st ri es,

e.g., Hermagaftﬁ%ms@}o thé&lmmlnwlaeu@m&myemtaqmns hetiuns geferdlige i s an
NHS ester of nethyl ene bl ue %ﬁepar ed as .di sed |n bI I she%'T Eur opean
Pat ent Apﬁlaipéé%“i’lﬁgﬂca%}ié‘@g@ara &’Q’BPHGWIHEP'S% £ &4 CH“E JGIPHYDY Fet hods and

speci fi ¢ panRghtd QR&n@Rdn IPthefangd &F aB6 8 1016 mmwf(:dnwnusﬁan Biffegmard not
limtation. One of skill in the grt wi |l under a[S gﬁ grOY}é?he rrethods
i"ons

descld bedusdrae !l asehes onygaipnal ddeiEves eh RISy ¥ S M98 Mar 1y with

usi ng di f {igdigRts, sampyesogichid doymteamaam&ggetnoﬁﬁmpkapbged Indutzacduct i ng t he
nmet hods of the invent

conbi nat i of t he_ ass nts i s mde,
i ncl udi ngtefnﬁ%ra"é‘éf’ﬁﬁ?ré‘ahéfaﬁée ?‘E‘éf‘l@d‘t% & H%‘F“Rygfr ﬁ%hfﬁqugﬂg 'BYFional Iy the
cl eavi ng uelBeaboi@ICiod7Py., assay conponents nay be conbined in any order.
In certain appljcatio however, the arder. of evant .
For exanpl e, erﬁ%ﬁm&p SRhE BSSALMI Y ar@d?fb‘ﬁ?tiof] ‘Vggﬁ’l tﬁ%?rﬁ%en?ym%cﬁtoﬁgﬁ ina
quants t at é&ﬂc@l’ﬁ&l@(}bles (Bhe @DEUrETER Béﬂtx‘éehedt@ adffﬁflaleftlﬁbrcldahﬁg ageabiolciehwe the tagsn
assenbl ed_co Iex In suc

reacti.ons e.assenbled in
ot ages. o Mrduing GrbeichiRBu Ein B LSERLIRYS bR eBiIR RED
enpi ri cal fejeasiddiBe adrispiind@f tag vl the tesladrfica lramSOamayrhmnhﬁnethbet erm ned by
the predicted nu of t et co exes present and the ne
separ at i ofic3AY™ QF ‘g’@f’rido%” ‘8??“?’85%%0 g OTESTeRY gR A5 %orteﬁ%m@%’s“é{’ere I'n
general , 4 pigt@smitiatss ahplojed abihldiemgng:agammndsxomnﬁbléalqge@hxemmge probe can be
pr ov ded In | ar. excess rel ative ed amu of the target
mol el es’rfaﬂn{}?{leo%l&r‘%llxté“e %gﬁ&aﬁ?lf ha?ﬁlﬁﬁng? ara téext(c:’éhse ’fcu 2 5°PEEE  about 1. 5,
nore desi il y about 10-fold excess, or rmre I nspeC| fic appl ications, the

concentration Pi‘ﬁ&“‘?ﬁg’%"%g}*& 21%{) A tlhenVFe a’n%l H%n eter mer’E'lT de%’u off-kan%ty Of the

bi ndi ng agents er of ese on a
si ngl e cethht haWieder reddasedi Wheletae am}mrmgoyudgel ;ﬁtir&lﬁg bf lmﬁdmg mrremralais conpound on
formation Oflo;%'dl s%paratlon of the released tags will generally precede their detection. The methods
25 for both separation and detection are determined in the process of designing the tags for the
assay. A preferred mode of separation employs electrophoresis, in which the various tags are
separated based on known differences in their electrophoretic mobilities.
As mentioned above, in some embodiments, if the assay reaction conditions may
interfere with the separation technique employed, it may be necessary to remove, or
30 exchange, the assay reaction buffer prior to cleavage and separation of the molecular tags.
For example, assay conditions may include salt concentrations (e.g. required for specific

binding) that degrade separation performance when molecular tags are separated on the basis

of electrophoretic mobility. Thus, such high salt buffers may be removed, e.g., prior to
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cell surface conpl exes, the conpound may be added to the cells prior to,
sinmul taneously with or after addition of the probes, depending on the

ef fect bewogomussicer ed. The assay m xture can be conbi nedramsdoioneizbat ed
under conditions that provide for binding of the probes to the cell surface
nol ecul es, usually in an aqueous nedium generally at a physiol ogical pH

(conpar ablgava@e sifoiRHaftag VI LBp1hdRE Wit hhcihe bEHTE Bhitablle @t )eleci®phble@d Ned by a
buffer at a concentration’in t%e range of about 10 to 200 nM Conventi onal

buf f ers mégpatgtionBeoygh Bliratign, psphatiops Hlafones PerPFBRal additives as necessary,

such as salts, (G Bnboaethdns, ths bdict indEhcadm@tiGerePNYnibala06 @ahpyand const ant
tenperatures are nornmally enpl oyed. |ncubation tenperatures norn%gly range
éppn;g it

f r om abouinchdesgraygenrmaby kg intiogfhesapy Gan Hejudegraggimalin eompinahen Wit oyt 25

to 374 At)ﬁe_e(fr nﬁﬁ@&@% Yhe®otHeRBe1dis 8@t Ko s Gheddi skill Bchibat witibut 0 al | ow t he
probes to bind to cell surface nolecules, the m xture can_be treated to

activate timéataneRrgierglyaGe sremogerpentiy aeqnhies p dgterent BRThenEm Bf #4P IR onpounds
that are whdkhumab. ¥er 8&hge! thy eheRoMSiapdutiy aght dah 8e & SEMhdghoRgens., 5-r el easi ng
the correspondlng tag fromthe cell surface into solutio?. ThZ nat ur e of
this treaflAERMIGHEEUgasdivtest QHOnMRERS Fodf ARG 88 & 2avi ng
agent . FOkinBXsH® vihblawdiR! @xacdNuoh B5AARIe] e dodetaxelfift. Dye dik@lstidghgent| eavi ng
agen

t, activation of cleavage can rise irradiation of the m xture at
the Hvel Gt iCIGPhoRRhgRtde e PR reBlorogihy e Flo i BUAMRBASTYS G&r  used.
Fol | owi ngcighiedy agBopldiinSoxa@imminginaans, (o3, ke, )panelrycz elthes @.gd@brubicis t he
identity of tggs,that have, been éeleased“ %hene an.aésa enﬁlqging a
pl ural i ty9mOBPiiH; Ft) CRIRISITREDY & Lo MIPBYEY S LEPYPHTN Srf'or PR TE P ased tags
wi || geneimidiyrspé 8 casidsidb @hmptoMt @Gt étor oliitearnyaities clsenfothicrapaiiib agapar at i on and
detection are deterﬁkged in the process of designing the tags for the

assay. A BPUPPRGKHEEE B @Lepar ati on enpl oys el ectrophoresis, in which the
vari pus tags argtiGepataiphd obaredthenpduiougenditfat endaasd i the birdius

assay T ealTPUlm TR DY g AR EPFEPE U P rite SRl Re B ethn que.

enpl oyed, kit oMBYinfaatice arREE mitht @ lidamongcytatibit mhphds, tdpbtecanssay reacti on

buffer pri to and .separation of the nol gular.ta s.. For exanpl e,
21? T platin paclitaxel; and

|
assay condRIraie: PSR dapiei SR RBle i Rt ST SRS

requrred for
speci fi c bydphopharhitat degrade separati on performance when nol ecul ar tags

are par at ed the basis of el ectrophoretj.c bility. . Thu such high
saltaﬁuffers nﬁgwﬁwaaﬁ%%%H)°%?8?%“@?56e S%%P%Q%ﬁ%%e%’awﬁ?%%ﬁ1ar tags, and
repl aced wietnhizamn4it, higtretibaih fatiopwsinol abétemhearamifogitkrmpliordt, aceisep@mkidt,i on

(e ouah LA Sl 8 P PR O L0
calusterone, camptothecin, capecitabine, carboplatin, carmustine, celecoxib, cetuximab,
chlorambucil, cinacalcet, cisplatin, cladribine, cyclophosphamide, cytarabine, dacarbazine,

25 dactinomycin, darbepoetin alfa, daunorubicin, denileukin diftitox, dexrazoxane, docetaxel,
doxorubicin, dromostanolone, Elliott’s B solution, epirubicin, epoetin alfa, estramustine,
etoposide, exemestane, filgrastim, floxuridine, fludarabine, fluorouracil, fulvestrant,
gemcitabine, gemtuzumab ozogamicin, gefitinib, goserelin, hydroxyurea, ibritumomab
tiuxetan, idarubicin, ifosfamide, imatinib, interferon alfa-2a, interferon alfa-2b, irinotecan,

30 letrozole, leucovorin, levamisole, lomustine, meclorethamine, megestrol, melphalan,
mercaptopurine, mesna, methotrexate, methoxsalen, methylprednisolone, mitomycin C,
mitotane, mitoxantrone, nandrolone, nofetumomab, oblimersen, oprelvekin, oxaliplatin,
paclitaxel, pamidronate, pegademase, pegaspargase, pegfilgrastim, pemetrexed, pentostatin,

pipobroman, plicamycin, polifeprosan, porfimer, procarbazine, quinacrine, rasburicase,
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i ncl udes trastuzumab. The conbination therapy can include trastuzumab in
conbi nation with one or nore of any chenotherapeutic agent known to one of

skill in wbeosvds3ast hout [imtation. Preferably, the chegotuser@perztrz c agent
has a di fferent nmechanismof action fromtrastuzumab. For exanple, the
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(e.qg., vincristine; vinblastine; taxanes such as e’rét axel and docet axel ;
etc.), an teé?"ﬂ@ﬂoa‘f |ﬂ?1€1g“é'§8?1tt ‘?tépagt"p"t&“y?ﬁItﬁrﬁ‘ﬁlf%’}ﬁh@?ﬁua‘é’ma TEHAMER,

bi schl or ogktiyin) ufaL D EkERa, vaﬁtﬂﬁcﬂl,, Vleatlﬁmwmrag@m Kfﬁaox(efblr@, and @ms&bmd‘ n

carboplatin, oxaliplatin 973, nt h racy lines (e.qg.
doxor ubi ci n, dH’Lﬁ‘i‘B&‘ﬁ‘lﬁsPﬁCE theé‘f"(?“tjon ‘%?ff"f"'b O&T?fhog)J@rff clermiging ' w eWFrtaonym n- G,

act i nomy Cisiibjddt wth 6 Hei-2 pRRBE SAHTRT @& RikeIN i Rédodd & tle@tn@nt, wii HRAS ofe,
canpt ot hec

etc any ot her chermt rapeutic. knovvn to
one skill éh"“?%hefa}ﬁ’éutgiragem F”a?ggit‘(?ﬁfoaﬁl%égéﬁlﬁgé%enb?n é’ﬁﬂ‘%@f‘tﬁ& ‘éﬁgﬁ fod@%yent s t hat
Cﬁn be US@dhdrﬂtnheh@)ubsath o¢iGirediibodintERIS  the méthdsch@mpmee tebsdifing inndlidleHidagy
phar maceut i ¢ tions, dosage of ..the invenfio
i ncl ude, Fﬁ%ﬁ gfjgﬁt i §pficerApa H‘I%b\rﬁl er‘%f& Eﬁéra#wﬁor?%‘ir%é@ﬁremffudar abi ne,
et oposi de,thel 1ear d\fb[dﬁ-IZfand/dxalﬁléin’hrbbiodim&rs isThiploaaRty Hg1e thet ihe Phtidnt i upiéelyi t axel ,
and clo spham enot her a eut be used
"ot (e aBARRRAEE & fan S drmRteapunt tobit aidis b hathe St opur nol
al tretam ne, am deAsih lemaoduamhfapmh;ﬁ;se ﬁfaﬁﬁﬁ‘klg(lhé patiencs @izh highs Har-a@tonase, BCG
live, bevacei zunab, ar ot ene l.eomycin,. bortezom b, .busul f
cal ust or oS EEMDTSY RER RS e aisd HE: T TSP ispray Fhme s e
cel ecoxi bJevelehyd@scrmbd heréih Ofasoine embodiméntatiainethbd may Sphatcomprise deteltingi ne,
cycl ophosph C arbazi act dar bepoetin alfa,
daunor ubi érl%b %‘ﬁ?l éﬁﬁf ﬁ"’& esu% ﬁsc%ﬂfxrrtgezg(k%lﬁt O#F}c}f)g}é?(g?)eﬁ[ adoxor ubi ci n,
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f1 uor our ag}ep ’thefpa{) &ggroppfﬁ i LS -dfvuged I%le sgata}‘%gfznrlrtlo hbgh%er- eﬁ)ress%r,s gdé fitinib,
goserel i nlovhlylekbe«ptem)a; Ini sbmehmbmmdmtsr,ltwqmnam w1ﬁ1dﬂ)derbﬂebllh1’gh (i.4.osddam)de,

i matini b, % er f a<.2a iri e lLetrozol e,
| eucovori v({élorﬁ}ge(r)lﬁo %rrrrlﬁfssta?&n}élg er' 1(S)rleé ]hkerﬁzto TeSpor?’échééh %Tzam F hal an,

ner capt ppugannmd/drrﬂs Ipatientrits Iamngemtceursmarfmmaﬂtemh nmelbﬂagelyﬁngdne s oI o ne,
m togycin medxumé?-lo -? ecl/or 'ﬂe ?‘mn%c{lr(rjlgr? an(ﬂ IZ»qn Cél’talr? ];r?lf) 1mms of eac I mersen,

oprefvekin axe dr onat e, pégaspar gase,
pegf |grasf thmqﬁexdebf m ecéserpewbminnahlgh HepP. pabascsmns a b)lgil @mz amut

poli feprosggn,; pariy fi,, ano%f}n%%%zéf%gch G é‘:ﬁ%%&‘sedisc'io%?@’&élﬁatﬁ?hir ht uxi mab,

sargranostim s repf oci n t anoXi arceva, tennzo
t eni posi dé{er—tzesmroisamtcom@risetsmpxgumtth is Yely bigh pad/ot ropderaclahjght dr em f ene,

tosit um)rr%prtail% grﬁé& nzlynr{?‘(pf each of the methods disclosed herein, the very high Her-2

25 expression is a loglOH2T > about 1.84 -2.21. In certain embodiments of each of the
methods disclosed herein, the moderately high expression is between 1.14 — 1.25 and
1.84-2.21. Or, other ranges may be used depending upon the patient cohort and/or the
significant event being monitored.

In certain embodiments, the biological sample comprises FFPEs. In certain

30 embodiments, the subject’s cancer is breast cancer. In certain embodiments, the breast cancer
is metastatic. In some embodiments, the breast cancer is early stage (i.e., adjuvant) breast
cancer. Or, any cancer that may be sensistive to a Her-2 acting agent may be monitored. The
Her-2 acting agent may be any Her-2 acting agent. In certain embodiments, the Her-2 acting

agent is one of the agents described herein. For example, in certain embodiments, the Her-2
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tretinoin, uracil mustard, valrubicin, vinblastine, vincristine,

vi nor el bi ne, and zol edronate. In another aspect, the invention is drawn to
a met hod wonothalsesedi ni ng whet her a subject with a Her-2ppoaiscen@nrancer is
unlikely to respond to treatnment with at | east one chenot herapeutic agent

in addition to a Her2-acting agent and/or the patient is likely to have a

short ti et i s trad uhﬁuzﬁﬁaﬁ 3 LerGHRABHLARELS, the MEmOBEHRGICHPRI Ses measuri ng

in a biologi sanple fromthe subject's cancer an amount of Her-2 and/or
Her - 2 honpadiitesels, wherein if the level of Her-2 and/or Her-2 honodiners is

high or very han@vtalﬁ BE8bdiRGisPA dnfithe dfﬁeﬂmshﬂfeﬁétﬁed Qldéﬂ&@@lﬂﬁ'ocﬁrﬁelﬁs@ all east one
chenot her apeuti c agent in addition to a Her-2 acti n(g/;\aha ent. .certain
t

enbodi nenemounpefiieshemodimerstiy megspigd- dg cei qrbpdiggpis 1 el | ’él’f‘e B2 into two
groups. Vgky a@émnmemqserﬁ@a‘é@rgdf 1hEdhin eﬂB@dlﬁlEﬁ@tlf thd matd @fholT&MelSiOWpl’ ise the
use of Her-2 levels as described herein. SO ngﬁfpfnﬁl Ihe .met hod may
further chapfiiesecdiwnkten ﬁrgamwnhofﬁeé%@ine%ﬂe@aﬁi{we‘ﬁf PHECRABEIE s cancer
t he anounf,.ofircbeh c&‘t&%f@ﬁ&ﬁml‘éﬂfs tBe ARSREOITRES M6 }@t-Bl 1s| itheabih&l @gunt of Her-2
and/ or Her-2 honodi ners is noder at el y high, then t 1gatl ent gs)gr oup is

further sessaxfapsblreef nepsusing and/qr guantifydee anjagopntipf awerrrewo IR %Pél and | ow

Her - 3 expLRshONiSa cektBinIMBELIRABRAGE Y iSthe WRAFI&E@&anV\Jntdartimder ately high
Her-2 and/or Her-2 honodiners and hi is less likely

(i.e., nediu

to r1505pone‘“flk"g?“f“f’i’ég liksliness garesppd i geatured YHIGFsPER & AR é‘l‘ff’ ‘VPlle@te AMedhg time
course t hﬁi’& Rsdshlan &0t usigtiie MSTI“@h@hé/oerﬂ@hre(sponee critdfRdi unm) Her-2 and/ or

Her - 2 hom)dl nmers and | ow Her-3. ertain errggdldgents of .each of the

met hods of t helnri‘l‘“éﬂé%rr‘?ﬁpef’%%ﬁ’cvf‘ﬁﬁ“‘ g o@meshod e dsteapigine pbetienag o) o >
about 1. 1§‘lrb}ect1\2ﬁ1ai{& LRSshiad Ehn@é’fbﬂdderyﬁﬁlt‘eﬁpdhﬁ teaebnaf withst 1ewtdaods di scl osed
herein, the high Her-2 exp rg‘sm onﬁféygg%l ses e r essi OH J(.Bhatt gjs very high
and/ or mﬂ@f’é’ff@f@e‘ﬁﬁc@&'m ndgiEen ia i3 ﬁ@ﬁtr a8 SRRV B et hods

dl2 Sgipsedniaﬂﬁb@mmprfs%gnégaﬁmm Qh}glb@ll’calgalﬁ{?@fr&ﬁshe(mbjbcssaaricagiln@lﬂzgmﬁﬁbout 1. ﬁ4
- 1. In certajin _enbodi nents of e o erein, the
moder at el Yeht g/ H5F Seppmes, "Hﬁf%\%ﬂ‘ %‘Vilzf’r}?%ng ‘Q?{i*ei %ﬁmﬁ‘ﬁ'ﬁ‘i’rs o, other
ranges Nayowh)thel SR GaGEAPR MdEIN G refpoid ﬁohﬁleﬁhﬁbﬁe&iﬂém@tﬁ&ﬂfeﬁtuﬂd@dﬁt@m additien $d gn| ficant
event bei ng nonitored. In certain enbodf) r&eﬁr}) t he bi ol oge éggi,Es?

conpri ses MEESES acting ageu-(n pertam ARbadimspie-dhe Yiplagiea] jiple comppisg FEPET & by east
cancer. | Berfa@f dnolinRABQEY SHBJRES, caﬁd‘é&slbfe@ﬁ%hncéxahﬂceftam smbeliastathe breajtn sone
enbodi nents, the breast cancer uvar tv)‘m r east

1 %1 é € tc%) eris eael dé
cancdt . ofanceymetaiRtsy Inspme e'ﬂté%fl 'Beéls R Q1oAY e iBeaRY pREC 3V AY agent may
be noni t obeekst caie. (bEEm)Qcaa&tr tmm@gmnsmzy tdxeHarRyackieg ag@ntandyibagnoageed.. | n

cortal 0 CIROBLTEL 8 RELL RSN SR EaPlohl, P2 Sorcr oo
t r ast uzumadling lhgen€ R loh@bfiheapbarsl Heveritied hertineF e Iamimildj &r apan tmbodigay, the s
Her-2 acting agent is trastuzumab. In certain embodiments, the additional chemotherapeutic
25 agent is paclitaxel. Or, other additional chemotherapeutic agents as known in the art and/or
disclosed herein may be evaluated. In certain embodiments, likeliness to respond or time
course is measured with respect to overall survival rate, time to progression and/or using the
RECIST criteria.
In another aspect, the invention is drawn to a method for determining whether a
30 subject with a Her-2 positive cancer is likely to respond to a Her-2 acting agent and/or
predicting whether the time course of the disease is long and/or predicting whether the
subject will have a significant event, the method comprising detecting in a biological sample
from the subject’s cancer the amount of Her-2 and Her-2 homodimers and determining the

ratio of Her-2 homodimers to total Her-2, wherein the subject’s ratio is determined to be in
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paclitaxel. In certain enbodi nents, an anount of Her-2 is neasured. In
certain enbodi ments, an anmpbunt of Her-2 honpdimers is neasured. In certain
enmbodi nenwe,20i0iosB4e8 Her-2 i s nedi um then an anpunt of BHerTAB2018/0RasUr ed.
In certain enbodinents, if the Her-2 is noderately high (i.e. nmediun), then
an anmount of Her-3 honodi ners and/ or Her-2/Her-3 heterodiners i s nmeasured.

I n certai gnedRPRARE BibEroubddaNmiabjeots rﬁﬁiﬁs%tﬁ@@@of)r }hg,ﬂfsuggrbvﬁ) ﬂi@ﬂiﬁlﬁr ed using
an assay capable of neasuring and/or quantjfy an anount

pr ot ei n- pFAst i likely Brrsspendindhs Bery agtingngent, tl‘%sugle&té% ¥1‘%ﬁlynt°é?ﬁ?&d?%éme t he
assay is thfse\RBOThEXubjecEis B@Yikell fo Q€ & ﬁgﬂﬁ@ﬂb@/@htnm&tp'ieferlfdd|€Bl|bbdiﬁ§81& to

respond is nmeasured wth respect to overalj sulrﬁ/ 1\5%

progr essi 815 ablqest Breesubeiy Pt AE deE“éP‘%eﬁ by cppgring thyHeg 8‘?’0‘?@?&8&%%%?% eria. In
anot her  asqdiged the hdvards Fh‘ﬁ@'ﬂérlp@ﬂllatﬁ)ndffr@% v\tn(h varsﬁmlh@dtafmpzcketnegagmj ng whet her
a subject w tlgdtﬁtgHer_ {,)[OSI

i kely res eat ment
with at | &5 © araitsttiods Efetﬁ"t“l let '@g’ﬁtg“br’?‘?t ﬁé‘ﬂ’iret llﬁh' P &S %O“glé(f‘% g‘értl ng
agent. | nz@arntga'gan eRERdédTRMh e likdhetoltd e CaiDEduse Sndisralk fatiég isiléss
bi ol ogi cal e fromthe subject's cancer an anount of Her-2 and/or Her-2
horodi rrerg ¥ HSigieREVEdyvel of Her-2 and/or Her-2 horodimers is | ow,

then t he patl eRdr ekzﬁmﬂlé kelneD/a2T &ﬁp,(}[ﬂiztegpraislohensr) aphBechpomddiggrapeut i ¢

agen he Her ctin ent n certain e s, the
oo Myt calcVh LS ettt xRS et & B RO TSR 31 0 A BB, et <
cancer i Sclii@ftial, SRk &as ddsinedotiat the effdedctinaB Rl Sastiztiatbin e@shrlcamneer is

netastatic. In so enbodi S, east canc st age

ad; uvant)ﬁﬁrégig‘fanggﬁﬁ’égr gﬁgﬁ%f’f? %ﬁﬁgﬁ wF‘i‘?ﬁf’mﬂﬁifF‘ﬁ‘éh @%‘ﬁ? %Iy Q?gc%{ Her-
acti ng agemtonissyn the stadN SinoE Hdraz podRiviteby ICa@tHl $ig hageat showmy tdxerralay  Her - f2 ]
acting agen I n certain enmbodi e cting a is one of the
2gents doSth pesee REELTH M EBTRCARBTE! oFFIsS VL T OB RANLE, © T he. Fer - 2

act i ngy ageisdriniisaté basécniliem bespdrders enict infes @b sl ivite A tysantitatvee aadugl; shctoasal

chenot her gp ' e is | dd| tional ch her apeutic
Sgent s as TRALMarh S5 vaF whaerd Hodeics % i il CRChob Rl oa °F
certai n ehboads aehiss, nehthétélzrrnﬁsﬁzmoorrmmmlfaanﬂylm cﬁmomsd{flIyHWE,amur ed with
respect t eral l, survi vaI rate ressi on usi;ng the

RECI ST cr ﬁ‘?@ Langl Va3 e prafiens ass%%‘“"‘?ﬁ“h t‘“ﬁg{e" 6%“?%‘“%@%8 BGE et hod for
det er m ni signifibeatiy essocdatgimitietixhe wldﬁstanarehlereﬂc% (PDR). tHevanscafiiess ﬁmdans; kely to

of AL ai SEEmERiwAp i TRRAER e P! plD ERE R pHBPRARD skt | T have o
si gni f i cahdzaevetivs ;fortttieaedwmmmmmmmtiem amgosslélcel(strnbngons f H2T;|I~tilllhgudcal sanpl e

f romt he ?{EB} I‘%C[I Sl%bpopur?eﬁlons Ct)f]%% pgtri’re%%r&ereolgsem; fh%seaaggygégrwgﬂem%%g%r S and

determ ning 't
nor H2T identified any group of patients who did not benefit from trastuzumab, H2D/H2T

1

was shown to discriminate between groups of patients that respond to trastuzumab and
25 groups of patients that do not respond to trastuzumab. This latter group has intermediate
H2D/H2T ratios that fall in-between a low H2D/H2T ratio group and a high H2D/H2T ratio
group. While the applicants do not wish to be confined to a mechanistic theory, one possible
explanation for this observation is that H2D/H2T is a measure of Her-2 activation in breast
tumors and is therefore a prognostic biomarker for Her-2-positive patients in the early stage
30 (i.e., adjuvant) setting who do not receive trastuzumab and a predictive biomarker for the
degree of clinical benefit that patients experience when treated with trastuzumab in the early
stage (i.e., adjuvant) setting.
In certain embodiments, the subject’s cancer is breast cancer. In certain embodiments,

the subject’s cancer is metastatic or primary early stage (i.e., adjuvant). In certain
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ratio of Her-2 honodiners to total Her-2, wherein the subject's ratio is
determ ned to be inone of at |east 3 subgroups and if the subject's ratio
i s in thewvbawmo/ss4sdi gh subgroup, then the subject is |ilpelrguscaonerpond to
the Her-2 acting agent, the subject is |likely to have a long tine course
and/or the subject is not likely to have a significant event. In a

preferr edetﬁfi@?@rﬂén‘f@ﬂk 1He¥ Dectl ab@as kralthiufb Ih! Qﬁfa&%ﬁ)o@ﬁr@nt@ glenniged by
conmparing the Her-2 homodi mer to total Her-2 ratio to the hazards ratio for

popul at i oR¥nedimes.dierwi Hei-3\hopediners addipr-2diepa hetorodimersage dgeted UsimBFei n i f

t he hazar vERAtnA@@a SsdyehceftdIRBnBodihdh@Ntht MReIBERt@Epoh s, 1kBIRss!th k&kY to respond
to the Her- acting /gent the patient_is nore likely to have a long tine
&

course anifng F‘mF ﬁ%“rﬁ’a?f‘ij hlikefigesp @shé"q 3 %@‘@“af‘tc?vﬁ&\‘ﬁé“eé‘s"g? i#p P¥sEHt event. For

exanpy e, LilavalZd¥, Hedmé ﬁ)tﬂr@gresls'i@ﬁ -ad tlﬂlﬁlﬂfﬁﬁﬁt 2Rurdri’d Andaidaskidice durtioaTodi Mer
| evel s (H2D) were als exam ct to trast%Jég)gﬁb r esponsi veness
in the FI MYREEESRITSHPY Plci‘lrbie'éﬂ tuW’ﬁt ?1 cfé‘gqr‘ér{éae’faﬁ‘ °A& ef f ecti veness

of trast ugHEmd thetahddLis @RF-D YostivaGedetdrmBed bﬁﬂ-l@NéM$H oSEISH. BiGther2T, H2D and

H2DY H2T vvere conpared with IHC, CISH and clinic outco st udy.
S nce. Her SRS dy SHiph 50 ey 4B CirgE STEBF B 2 wi ¢ h

adver se phégiiaaérso ARYHENPEY 8dow, ihtintdlate@d high B Sorpatifg the #si-pzumab, an
antd ¥ at Poms e bR bR BhCBREe kel s B Rl SRR EE Fowever | as
shown by emibddirvals, &t r@i@bfﬂl’eﬁﬂ@bxﬁbcﬁﬂ&’s tdREPHES iahddrinedise aftidrieer H2T nor
H2D corre) ated si.gni fj cant it ut come, H2 T, on th hand, was
| e mondohers Ta oS tual G ar et el heh ha A ePe oy TS e S o

signifi camlhga@asamaloathecﬂawunt i8 1ds4 IR 1y 10 hekleSitlafitinieanuisé &fice tHe Pafdnt isBecause of
t hese fi ndi nq , ?TEPP ?g gul ation treatnment effect pattern plot)
- iy P YR A SERTRS

anal ysi s R8¥ B hazard ratios for treated versus control
patiBnts acr osla atfiréhedaspéat,itheivenrion prf)w&l%'l:netﬂ'dﬂﬂ)fafbdtl b2 witbeheepul at i ons

of 80 patjents wer d for these analys i ther H2D nor H2T
tenti P ety Tk gondteifs MRS Bt Se Eran e B s pR e A Gl
H2D/ H2T wehat 1§thI§ﬂtotré$pﬁhdStG treamaat“ethla&{emmngagmmdmf hpatiorgning cotma¢ r espond
to trastuzu 0 tlet t hat res ond trast uzumab.
e BRSO B ity S iBing B P ERRRG R Yl et oo
| ow H2D/ HFing agentto gireculie@ngda asdh cgﬂSal&Iﬂ{ﬁérHZ’n'EtlmatIn(an(ghaDHsmect)flhe nethddse

appl | cants do. o a mec c. theor one possible
expl tnat i GHHS? (?%teﬁmmm é‘ée%ra \?‘gbr'?cglﬁ alhﬂgtf%w 9‘? pfi‘ﬁ‘%‘y LR ur%ﬂoof Her - 2

activati otneatmeriovvﬁhsﬁeﬂmnn§agmdmd/9r ltahellcmgmm courgr gardisg toca hétiontent ker f or
Her - 2- pc)S%hte I1 \anto e%natd\sl L thglcarle@é;%fgstsl aqg gl[rea rﬁént%&io% ? érgla%t%}négetng who do

not recelve tr asPU I'TB.blsmﬁame ve DI onmar
clinical themdfdct artdﬁﬁttlvpamlowntoﬁa Hmﬁeﬂciix@ugemtVW@mthdr emeedthwnbﬂhodsr astuzumab in
the earl yco%p% degermlmﬂg tﬁqja bJecE ?s afii Etgd Wit a cancer that has a short time course
25 and/or that is unlikely to respond to a chemotherapeutic agent in addition to a Her-2 acting
agent. These aspects of the invention each comprise each of the various embodiments (e.g.,
stratification by expression of Her-2 and other markers as disclosed herein; evaluation of
various Her-2 acting agents and/or other chemotherapeutic agents; analysis of various cancer
types). In certain embodiments, the Her2-acting agent is trastuzumab. In certain
30 embodiments, the chemotherapeutic agent is paclitaxel. In certain embodiments, the cancer is

breast cancer. In certain embodiments, the breast cancer is metastatic or primary early stage

(i.e., adjuvant).
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In certain enbodi nents, the subject's cancer is breast cancer. In certain
enbodi nents, the subject's cancer is netastatic or primary early stage
(i.e., advowvarwgss4sBn certai nenbodi ments, the Her-2 acti rgTagenv/ zrR72
trastuzumab. In certain enbodi ments, Her-2, Her-2 honodiners, Her-3, Her-3
honodi mers, and Her-2/Her-3 heterodiners are detected using the VERATAGr)
assay. | nEgglglh@gn enbodi ments, the likeliness to respond, likeliness to
have a | ong I e course and/or | i kel i ness to have a S|gn|f|cant event is
measur ed Ezampple hAd ®-aptifodygBiofin ard Yplealas Seigs0t on, as time to

di stant recurr %ﬁ&l&@ﬂau%&ﬁ’e@sﬁbgJg@i%st%%iflhéﬁﬁ& dGHMM smﬂ:}asaa N3 5qgalﬁétl ni cal
benefit using the RECIST criteria. In certain_enbodi nents, Wnether t he

cancer i s CrieyminusobBERR,Meere gurghssedfiamhlerd Hsion: N@R&Tﬁ‘%ﬁpwﬂtﬂpﬂ andy ot her

enbodi mentpg,14 FE&@ siréb‘{ﬁfﬂﬁﬂ %Jdgae&iﬁlawneﬁeom@e ma&x@mbr@aﬁmsi S didsysl ks ni ng
whet her the honodi mer to total Her-2 ratio is low, interned ate or

hi gh by capbririfisgaqcprdingds protore) degribrsiprevipusly (See. be"rxal?Pkaatbee o YHed subj ect' s

cancer t osgpkiphBh: 70105 964, Sehich s M&Irpcfrzﬁédﬁ}@éfefémtmﬂk&dmgfan}I fewiad)i o of
Her-2 honodimers to total Her-2 is i nt er redi at e _and/ or the hazard ratio i s

equal to Amtipdy=iFdATMER 2nd anfiheéy-Rittn cpaipeasist | - AOBEE! #1diKdHl 9018 espond to a

Her - 2 act iWag e Déin@duito NHS-De-11eabib 1e|rc~%) As@mRerlabdordig fo@mananMeu@rs ong tine
course and/or the patient is nore_li ﬁ to have a significant event. In a

furt Her agpéee! a“?ﬁ%‘i‘%‘i‘i)@’rﬂ@%“ﬁf‘%@‘idc}’é R8tMof treating a subject with
cancer . IEx&me@m@ultu&mxmhm&%s@@aP&@ffdwmlﬁu ng that the subject is

afflicted wwth_a cancer that .is %:(i to respond to %{3 mé&a \rg:eth a

Her 2- acting agEMY¥ @MFWCFN&%‘*&GSMQ&M oS Bt < eMBPAMEIHGY 9%ERwet hod of

t he Ih nvenBuef:zrpufvblﬂ@l;eaﬂ‘mar)smiss;tneﬁdf T\ge @Bl thtlﬁﬁCbN&tl&mlﬂl’&éll—ﬂﬁesa:vel'dﬁﬁﬁnta@%I ng ﬁgent
to the su a resul t. of sai erm nat i spect, the
met hods céwgég'édsﬂ/apgﬁﬁlﬁ‘flhﬁc‘i ﬁ@f)g‘ %ﬂ&‘eée%dqu%@\@#’f?ﬁézg%aeﬂér}% % cancer that
:s | ikel yFBS, 28890 Rtal bR@ietBiin, v%tpananiniafraptaﬁydm)gncaQﬁML glo@dh@ie. has a
ong tine

urse accordin 0 a nethod o he i ventlon dvising a
ab cal | pCBROLST BRI et ShaN i T s DB PP PR 6 he
SUth egt anﬂefhfeaewl yEmédimm Nl &flsh v’ﬁerHWaﬁregﬁﬁdeﬂgthagHﬂkPBt’S madglrsommemoas pect, t Ee
met hods c ri se rm.ni that, a. su | i.ct wi.th cancer that
nas o shoR e CpFed na ot e Pk Ry b FaefBRtfRg o
chenot her aﬁwtzu’(c frge Rdmoiv il of dhdifixitdie sblatian, tecel? vaed angstad/endcrapihbedta aspect s
of t |nve I each conpris ach rio iments (e.g.,
st ra%I fi c5F1%Y ?‘l?n?wé)?%fné?gﬁggﬁerg?fe%rm %gog %{)I{i #Eer??grt‘))gﬁjagaﬁl scl osed
her ei n; e\‘/radstbaﬁedﬁi’hmf)bev@FﬁHgU@rab’&rd -vAtheftitet mexa@eptasedamdbmesah@eassette
chenot her eut C.a ana f vari ous C S rtain
erbodi nenfoTHETBRED <R brorneaae At R RSR RS e RRE R ke Bt ront s
t he che_rmtﬂa&aﬂmwhcdmragﬁnbfal@)hmacleartraxedylendz mb@tﬁm’e)aam pentindAfient s, the
(r:rg{] gg{ alt ?Bgé?esgiaé,ipc g? gcyg%%{?tre degjﬁlélégfo&( &%%%dpara rﬁbe&tﬁng sl%atlec%s}sll so{i1 GRS

25 used for cell pellet processing were obtained from Richard-Allen Scientific.

Example 3: Breast Tissues, Fixation, Processing and Paraffin Embedding

Frozen breast tissues with different Her-2 expression levels were purchased from
Biooptions. The tissue chunks (0.9-1.9 grams) were fixed in 10% NBF for ~24 hrs at 4°C,
and processed and paraffin-embedded as described for cell line pellets.

30 Example 4: Microtomy

Sections of 7 um in thickness were sliced with a microtome (LEICA) and placed on
positively charged glass slides (VWR) with serial number labeled. Slides were air-dried for
30 min and then baked in a heated oven set at 60°C for 1 hr. All sample slides were stored at

4°C for future assay.
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(i.e., adjuvant).Exanples Exanple 1: Antibodies. VERATAE r)-anti body,
Biotin and Mol ecul ar Sci ssors Mnocl onal anti bodi es, Ab8 agai nst

cyt opl asmwo 2dmvmB4s30f HER2 and Ab 15 agai nst C-term nus poi/uskiRa 021z e
purchased from Lab Vision. VERATAGr) reporters (Proll and Pro 14) and
streptavi di n-conj ugat ed net hyl ene bl ue ("nol ecul ar scissors”) were

synt hesi zﬁgam% QMHuMh‘?sqocﬁgrinQ&xdérﬂq{&@S a,ocol described previously (See,
for exanpfe, above and United States Patent 7,105,308, which is

i ncor por at ed bsrnmlélbblsteﬁcwlﬂtmrf@}iﬁﬂlme berthirmer @m\penéhnamn@@yy XT system

Ant i body- t. [ Il and
Abl 5- bi ot %{%%\-{@%ﬁ‘)dn% eﬂﬁés'}l% r#é&(sagtyonp PQ:HgB/La%?EHéi? %@%ﬁﬁeﬂ(zpﬁg lclg\?lﬁggﬁél?l nker
accor di ngreagentrayrid prrehased itom Yngma dbiE stpiding ohFiFalrpastiispres tateosdysindi fi ed by
HPLC { Agi |, @Blalne (F4&MIdGrdocol. CEI | Cul ture, Fixation, Processing and Paraffin

Enbeddi ng Four br east ancer ceII I|nes_ MDA- MB- 468, MCF-7, NDA-MB-453 and
SKBR- 3, wEKammie: D Assay dplforg gl Pargfin Epbedded Celbbingspnd A |
cell-1li negre I’rﬁssﬁgil nt ai ned at 37OC and 5% CO2 in Dul becco' s modified Eagl e
medi um ( (50:50), 10% FBS, 1% PSQ (10% fetal bovine serum 1%

peni ci | | i n- st r BtEcwpeienyera depamifinizedehydrie Haing Ceripsofelventy Booly-t o near
confl uenc 1cﬁ§'w§1re seqRtally &AkeHAN x BT, tSlt'ﬁlﬁ') POG3L &ﬁanfop('?x ejarﬁiﬂ) G6dletahdie. After

renoval of nedium the cells were washed once w t | XxPBS and 15 ni of

10% NBF ( fReut mén) ammmﬂééi WRISF (Fiad 5 TRip)- \mét-la%édjertlt@peers@ﬁvq& phtherehylpted wer e
fixed oveganiQhlas perdPmbl 8k d&h cOfeainibh bR ml 8FDVAratOburfeh@H d.09aLave sol uti on,

the cells were harvested by scraping with residual fixative solution and
cent ri f ug¥ésion usEoDiRYy Ry ovES (Sppermairitdl, GE):13 gl RXVeRES P UesPe il to a

rubber O 4 Aﬂg/er IARRPEShMob1Bd Iiddmt Bf 20 REK rodRderRbARGE thdkliBesWQEAKEI NY
cassette. tomatic Tissue- Tek processor was used for processing. Bri efly,

cel | pel | erceydi dé‘?b‘é@e‘ﬂ“@oﬁ%@?@‘ﬁ??ﬁﬁ“‘é&ﬁ%@ﬁ‘ﬂ‘?%Ptfi"éﬁgs“éﬁa%ﬂdff’@h‘ihlc Pt ear-rite

(xyl gne syhstelif ddt&din @eagengafn%flaésnrhe/mﬁés @Jr@ﬁx@§§lb£l@d fRervath bRRingbedded in
a bl ock using a paraffin enbeddi n%C(Statl on. All solvents used for cell

peI | et pr BEES iahenimgs é “opuss srednfirghBRh apds crelpil efrpr@e?f%ﬁ%q RiogPhatgSeanpl e 3:

Breast Ti gslb@sms (kdckdtih @BIPBfrAQ’EéEEeﬁioOQ ofihd bRaKiad hiffer Rk egdhing, Hheaen breast
ti ssues vvlth different Her-2 expression | evels were purchased from

Bi oopt i on&f VERTAG®s2pd W@rﬂ?glu%%e@nﬁlb"d@sé’?"%f"%‘i‘t@“f"? KM 10% NBF f or
-24 hrs apreﬂaged md)claﬁ@slﬁfes ads @a@h aaldfghesefidie ddrRdnasateleseridhes  or cel |

i ne pellets. tomy Sections of 7 umin thickness were
sliced w E“Hmé‘ﬁr‘ﬁi &ffaHlerr?M(q_‘Eltltﬁ)ak‘élﬁJhﬁF’%ﬂ%’@@’ Bi Wseirielrd Py RRRIEYEE gl ass
slides (WRhedVvith waibufitr Jakiaieiz 0l80etehx-F00 ideSPR®4R sebptavitin-ed for

conjugated methylene blue at concentration of 2.5ug/mL in 1 xPBS was added. The
concentrations of the antibody and streptavidin-photosensitizer conjugates were all optimized
based on signal specificity and assay readout dynamic range using both cell line and breast

25 tissue samples. After 1 hr incubation at room temperature, the streptavidinmethylene blue
reagent was aspirated and the samples were washed in wash buffer once followed by 3
changes of deionized water. Illumination buffer containing 3 pM fluorescein and two CE
internal markers (MF and ML) in 0.01 xPBS was added on sample sections. The bound
VERATAG® was released at ~4°C by photo-activated cleavage using an in-house LED array

30 illuminator equipped with an electronic ice cube (Torrey Pine Scientific). The CE sample
containing the released VERATAG® reporters was collected from above the tissue section
on the slides and the released VERATAG® reporters in the CE samples were separated and
detected on ABI3100 CE instrument (22-cm capillary array) (Applied Biosystems) under CE
injection condition of 6kV and 50 sec at 30°C.
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30 min and then baked in a heated oven set at 600C for 1 hr. Al sanple
slides were stored at 4C for future assay. Exanple 5 : | munohi stochem stry
and H&E Swei2niong3zdeamunohi st ochemi stry for Her-2 was per Pormsdoion2ident ana
Di scovery XT system according to manufacturer's instructions. Primary

anti body against Her-2 (CB 11) and other reagents were purchased from
Vent ana. %@é@iﬂg@gnagiﬁsFFPE breast tissues was conducted according to
standard protoco anple 6 : Her-2 VERATA&:@ Assay in Formalin Fixed,
Paraf fi n Enbed8esdideifipation prkquanitficgios 96 VERAI 4GS wHparried A Usise ver e

depar af fi @IE&%@HA@M@%&@&H%M %Ise&w@ mﬁte@%eésembﬁcatﬁﬁ h\%ﬂ»ey, slides were
sequenti a soaked in | ene (2x, mn), 100% et hanol (2x, mn), 70%
et hanol ZQ%/@OmoﬁjAlawblc él%ﬂ??@é’@edv%{tr@?re’wﬁem@a fFiying Flé’éFaW‘ﬁgﬂu(,Té’d epi t ope
ret“ﬁval aPlyzk AR VISR @d & %nammlr@@cE@&%ﬁé@g@@%@%@hﬁh@M ai ni ng 250
m. of 1Ix C|trate buf fer Lab Vi sion)_ usin mcrovvave oven

( Spacenak&F (first maykyr) ard Wir(laﬁtm%}’verfﬁseﬁé? [dsRtEy the THGP Bkpower 3. After

bei ng C00E&Grﬂ%\@@tb@:f?"elegt%p%r@tlcatﬁomﬁ?m ﬁ‘n%’fﬂﬁ%ﬁ ﬁﬂlb‘rterclaEMOWe'tﬁl@ﬁlaﬁk@trse rinsed
once with deionized water rawn on slide usi ng a

hydr ophobi-¢ Wﬁ%fm)t(hﬂ@]/ﬁ@\dﬁ] %Mgﬂaaé '@%““@ﬁd ¥FM€§‘G®ITP?ékSs“§i‘(b‘i & were then

bl ocked f gfantifiéd Bfweﬁk Qt0GlchRfordf f0F VERATTAGENraLAisecilfth VlRMBIAYSET UM 1. 5% BSA
and a cocktail prot ease and phosphat ase i nhi bi torsC%Roche) in 1 xPBS.

Af t eb0 r emYERATHCR Kseovsiydeaer thg tigsts sesvonapidriheapvargplisnin CF ipfeidtir e of

VERATAG( T LeficRRE AliBE ddhechYHa® dcrdfitchpinsty 8a ci( Bedrbscah (TeMmpeatinaddedn of
4ug/ L) prngtgared in bl ocki ﬂ buf fer was added and bi ndi ng reacti ns wer e

i ncubat ed goerlmgltion ad Y BRARAHS reseycprbibist pndo-adgetrgphorrsedag gy Higpm

anti body %f&eﬁ@@%or&%ﬂn%@&h&@mﬁl@%ns”(ﬁﬁ@dr&sof‘é@hwmﬁbﬁ@@ ysealkhs therlapdatell faser
containing 0.25% TritonX-100 in | xPBS and str g VI din @é%at ed net hyl ene

bl ue at cBEPERRPALY drragermplizgtign ff thy YERALAE® BAtEnt r ati ons
of the anEHeQQQMal&ﬁﬂre&fefn%l@il@(ﬂh&’é%eiﬁ@@iM%M) azleha\ﬁmnulamﬁcewmnal I

optim zed hased signal specifjc and as C range using
both cel | (&b 'éfg‘lat‘?q tg@?féorsth‘?’r%‘ig@s"mtﬂf‘ld% Ct‘ide g‘? &E}g%gg rf"ssfi‘?' room

te rmfar at ueg, betehﬁ?eﬁ $(5’!’A€(9M§Wdr Gmmﬁahmlee Bﬂh@?ﬂlfTIB%gEntfor\A@ﬁab&Stnmbrat ;ad . and th eOI
sanpl es were was in e oll.o 0 ei oni ze
wat er. |1 Famg! ‘ﬁéf}l{%ﬁ“’ﬁﬂ? élFeaé“Bﬁl]i‘fpé‘F‘ing g'“ﬁ“ﬂ#‘?'ﬁ%’?@é%@?’ﬂe Qﬁﬁg? °¥2 i nternal
mar kers ( Mmpdwdctdn) dividedbyOhe niBSaré@in naafREASIB wHTAl-epms@@L i0m:m’ =The bound
VERATAqr)IE\é’a/;}I?Zgl eased at ~4C by photo-activated cl eavage using an

i n- htlise P y illum nator equipped with an electronic ice cube (Torrey
Pi ne Sci eBkdnigl€:. Titfdtion CES s eetichfiteaind Eftimdtioe of Bineaseeh VERATAG 1)

reporters was "?(9 clavla u(a:ltte%% afb{’li?yng)fat'll1)e>,C)\\/]§R,}\’PXG&I a%%)‘f ?o qsugt%}f%' 81re] target proteins in the

same sample specimen, section size of the cell line samples cut at 7 um on slides was titrated

serially using a razor blade and different numbers of microtome-cut sections of breast tissues
25 were captured on one slide for each titration of the tissue material. After the VERATAG®
assay, the cell line slides were air-dried and photo-scanned. Section area of the samples in
mm? was measured and calculated on the scanned images using ImageJ software. For breast
tissue sample, post-VERATAG® assay slides were H&E stained and mounted with a
mounting medium (Richard-Allan Scientific). The tumor content of the tissue samples was
30 defined by a certified pathologist using a pen marker and area of the tumor content in mm?
was measured and calculated with the ImagelJ software in the same manner as for the cell line

samples.
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on the slides and the rel eased VERATAGr) reporters in the CE sanples were
separated and detected on ABI 3100 CE instrunent (22-cmcapillary array)
(Appl i ed WBoasyasews) under CE injection condition of 6k¥cand2&0/032e2 at
300C. Exanpl e 7: Data Analysis The identification and quantification of
VERATAQ(r) was carried out using VERATAXr) Inforner software (see, for

exanm & Eihido WAl B ERLt 20aIRe BIFUALO3I08- AL, uhi cb ' o
i ncor por a erei n, rncluding any draw n ‘%’ To anal yze the
VERATAG(T) si gAabutlingofAhe BRREGEERA TAG® agsheis slgrarty Figws lc%e isttherstat of rar ker s,
ME (first tmgslﬁg rF)FPEmchom(a E&ﬁ&s@e‘%%@e@rate%Bﬁ W&t Rt dadEntdif thel Be

VERATAG(r) peaks according to their el ectrophoretic nmobility or mgration
time, t, meogtipsues ang beksd ontpyuglapenlidesrag desprll@d above. The FFPE cell line or tumor
[t( VEBATA%S )| gec&{)dy%)e}e/ c{eEa(rMﬁ)nz&c( A}{E)rahydrat-gﬁ' ﬁy kt%@ltd' (cBetVERBMAG( ) peaks were

t hen quant| eak area cal culation for each VERATAGr). To correct

for vari abi‘OIquPly th‘?lil SVBFS&@AGP?# indgeegaatigen retinyat bowdddy the WEATAHY and the run

vari abi I'i ta,3 AnCRERRITREE Rbhy&fal iRty 1R1E4iA6n SahECERANAS@ShjubadL Y acr 0ss
capillary array, fluorescein (3 pM was included in the illum nation and

VERATAG( 1 nd kietveonipesied anibodypai fQilweq‘ Beyashigs grbigehatien wih 3 SFERFAAR r ef er ence

control i @oﬁ%&&dﬁmg&sﬂh%(1e-§tlem@tﬁﬁ§=1e(3fuee&@ﬂ MEBA“-E@\@KlfﬂneQE@-ﬂﬁnﬂoﬁ t hen
reported as U or area normalization of the VERATAGr) peak

( VERMIAG( pectipnsateragxgesed tcalg!ﬂh@umﬁ@wrﬁém M GrEg i R OFItIEFescei n peak

area/ 1 pMy,ald Ma¥ions attidbdyScodfere@ BNl a&yg@mto(anmre rem@efglﬂgwt stgigant i fication
terns for the target ftprot €in detected the VERATAGE r) .assay can be either

RPA (pM) P®Yeer{Qp lné’r“ srtiens This opgies W?ret%fnfwstrﬂaﬁwa?g a9 t unor
sanpl es (pRRah@bhve peak area nultiplied by the illum nation buffer volunme

(1B) Ioaded onto sanpl e section; d| vi ded the tunor area . in MmR2 (RPA*IB
vol / TA = prol eFie@ymglgeules aigshestiveg (~4 ”SERéi’ﬁ%f)é‘“%thusl"ithFé Imged BEraganpl e

Sect 19N SyERisivh distride] J@UO@@oﬂfle O HBduc Will difuseved MbiRl <0nie, ahi dlfflﬁs)é Of t he
VERATAG(r) assay to quantl y the target ane_sa

rofeins i h

speci men, 23b¥P PefAredripe agmcheHél e ISCIF‘lCﬁ@OB@n%‘P’@%q“E‘ﬁB’ é? g*f&ﬁﬁ*’r Qﬁ{eag i des was
tit raE ed %ﬁ!{tl@lcbyziléiﬁlnﬁ]@r ?et\g%%et\k%m%@@(ﬂeﬁh&frﬂﬂ&me aﬂ%ﬁf@@ﬁtﬁboﬁbf i de f
m crotonme-cut sections of breas i ssue pture i de for
each ti tr &efiBatogrosimiy-pased eleavagerad fhedhio- ei&ﬁr\t’@fﬁ%%@ qf,&%[(k‘é)op‘%gé ay, the cell
i nﬁﬁg' l d@e%oM&rn%ls%gll’es Ehélh@drll ﬂ:@?lssﬂh@éll@{&@ﬁgm@,dre ﬁegidlzm Avptied 0f the sagpl es
in was neasured and cal cul ated _on the sc [ ge
sof t $r e. coyentippalsanillary gleciroraogesyy CF) ‘;5‘6%‘{‘“6{7@ %@?@%&f‘t@é fegg%ermer e H&E
st ai ned ali'bd;e;ﬁ@aufti@ﬂorﬂ\hgfb@ rxﬂ@ﬂdﬁdril p}@eﬁ&dmgme(eaeah@dﬂho%sb@ae Sak @i fic). The
tunor content of the tissue s s defined by a certified pathol ogi st
using a péﬁCtFPQP?{%ra’an"(‘S‘“ﬂ‘rcéabﬁg%ﬁgaf‘%ﬁamgﬁﬂﬁ% p%/ah APSIe

VERATAG® Informer software. The VERATAG® fluorescent reporter molecule peak area

is, therefore, directly proportional to the amount of the target antigen present in the cells. The
25 VERATAG® peak area is initially calculated in RFU. To correct the VERATAG® signal for
variable recovery from tissue sections and injection into CE, the peak area (RPA) is
calculated relative to that of a known concentration of the internal standard fluorescein.
To identify a proximity pair of Her-2 antibodies suitable for VERATAG® assay
development, five antibodies were conjugated with either VERATAG® fluorescent reporter
30 groups or biotin, and ten proximity pairs were tested at 1 ug/mL each on FFPE-prepared
human breast tumor cell lines. The performance of each antibody pair was evaluated by their
ability to parallel the relative Her-2 protein expression levels, determined by FACS analysis
and other independent methods in SK-BR-3 (6 x 10° per cell), MDA-MB-453 (1.5 x 10° per
cell); BT-20 (6 x 10* per cell); MCF-7 (2 x10* per cell), and MDA-MB-468 cells (negative
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was neasured and cal culated with the Imaged software in the sanme manner as
for the cell line sanples. Exanple 9: Devel opnent of VERATAE r) Assay for
FFPE Cel IwoAmomssdssne of the FFPE VERATAGr) assay i s slpomuseoiobenore 1.
Before the start of the assay, FFPE m crotone sections were generated from
human breast cancer cell lines or tunor tissues and baked onto gl ass slides

as descri bgfrofRQYer ENE THERE-£&ltbody gag AW 5 hNANE deh&HUEHS BRLtbONS Wer €
deparaffini zed and rehydrated by standard_ xylene/ et hgg%/ V\n%bg{ rot ocol s,

t hen subj dutagde reeeerd sigialrapidat Wik thgatietive e earessigh Ep e VERATAG(r)

assay. ThemVERAM AR Hepredsntdiye ¥Wadrophbrd draisesdt tHW BRYer AGHEl sighd) Gerfatddlier

VERATAG(r) - conj ugat ed and_bi oti n-conj U(Tllat ed anti bci:géj ﬁ:ﬁ{ fol | owed by

washi ng afdr Vet eisscegredfitth beragtepnspt U BT REHP WYy &t fg BELER&i ti zer (ie

SA- mes hyl gaeidree: It mtodphs utiitgigTAR cdidriieveddpeheh TRY pealegitd 6Mte Wer e exposed

to light illumnation at 670 nm during which the?)lpegcih%-%%%si tizer bound to
r

the bioti YERALASERIgenedisd Srmdbe Her<sYF R @ranry dyEsiWe, singl et

state OXyg&is c &R ktehtwiicEpted SAC st @RegorlddioS HOCTdkpfesdiorileddd GOHpépTBst:
i ntersystem crossing a production. The Rd%lf% ules are short-lived (~4
io

nd O2

ms in wat eRBEAT IhYOMY PR 7 7wMEd aldiayl - di stance, e.g., 50%
of the O pxashe e WRATAG® AtsiRdy 88 Avdaa0stinteatidfo wi | | di ffuse 250 nm before
bei ng quenched (Latch,.  Sci ence,. 2006).. n uently, th i ffusing Oreacts
Wit hg‘i he coval Bf{g ‘f’?fﬁ‘é"?‘fﬁbﬂfgw pt'”r'iéglvggiefz%e[nﬁéé%ﬁﬁs%‘%v%ﬁ’%ﬁine and the
ant i body, tHe@askihigy fofmddrensiive affyit) andshecificpmegedsdrminaé for fHedndttihef bonds and
rel ease of VERATAGE r) reportey. cules bound on .the tissue cells (See eg,
Fi gure 2A2%{rqdisg) %%%Wf%ﬂmtlo‘h&m%%(i%fe???éepﬁop?lﬂ?%f’ %glvée@taf' BBHbISsi s (CE)

i nst r unenturafifp@ofiheaRuNERARAG IIchnditperAmibodysitasaamataeriaaedmding to its
m gration

roperties, and tected fluoresce k in an
el ect rophé/l%gérpré\rﬁéc\mf”‘%aﬁeddgﬁ'%ghi(Hé}a?ﬁ?'? foéhi Oﬁﬂ?flta'ﬁg%}?“?gﬂ’dggg%ﬁ% peak area
us: ngs l\/ERA@MB@(MB-%BfHérfﬁip&@éfiﬁg/m.c_eﬂ'hﬁbsVEM?gﬁﬂafu%a}tihg u?m?sm?‘? r epor E erf
mol ecul e r s, therefore, dir ortio o the amount o
the tar gef@@l?aéﬁe {8% waYhgeT ’inﬁtgi’lﬁlg’ bgléel fgé{’é%gg%ﬁﬂﬁ%(q%s BERR Eea i s
initially freﬁ@ls&cbﬂP@dl&d/HmL\m@ frém i(ﬁj@dfa&iﬁgtortch&raﬁfﬁ@éﬂ'b‘@@d pntdodynatlecksahe vari abl e
recovery fromtissue sections and injection.j.ntg k area (RPA) is
cal cul at ea“tﬁ’@f‘%f fe\?)a_ V¢ %fg{”h'a? E%‘F’%é"ﬂ?ﬁ i %u(g‘r’lec%&ﬁ?%rg Son %@rﬁgﬁ?n %8t nal
st atndalrd ]E;dmmt\’c;eeR\cX_ell_i arsing;'@bindi@ﬁiuébyKa%F&ng/imﬁ (mg-smﬁi/[}e;n_dfginsm toZheanitglbodi es o
sui e for . r.), assa ve nt, y i bodi e re conjugate
b2 ¢ el RO AT b HaEERe PaRE LA S np e RSB i e
proxi m ty Ap&iPrd 1 wef i dssitetifrat tht uggatie @achl MDARIREGOD nepé@t pacehuofale br east

turmor cel | 'sRer 3 TR PR QL IRNGERLing BiHinE 0 AP PAL LuchiRafYgY uated by
~10%.

Optimal Ab8-Prol 1 and Abl5-biotin concentrations for the proximity assay of total

25 Her-2 were determined by antibody titrations on FFPE breast cancer cell lines and human
breast tumor samples. The concentrations of both antibodies were held equal during the
titration from 0.25ug/mL to 8ug/mL. A K2 of maximal VERATAG® signal equal to
approximately 2ug/mL was observed for both antibodies, and a saturating concentration
reached at 3-4ug/mL. In this and other similar titration studies, the optimal signal-to-

30 background ratio of 100-200 is 2-4ug/mL for both Ab8-Prol I and Ab15-biotin. Additional
optimization experiments determined that the concentration of the O,-sensitizing reagent SA-
MB of 2.5ug/mL is saturating under most conditions and the optimal illumination time is 2

hours. Given these results, a concentration of 4ug/mL (26nM) was chosen for both Ab8-Pro
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ability to parallel the relative Her-2 protein expression |evels,

determ ned by FACS anal ysis and ot her independent nethods in SK-BR-3 (6 X
105 per cwDI2p10/d8BM3VB- 453 (1.5 x 105 per cell); BT-20 (@cx/us@édioperz7zel |);
MCF-7 (2 xI O4 per cell), and MDA- MB-468 cells (negativecontrol; <104 per
cell). The Her-2 antibody pair Abl 5 and Ab8 generated the greatest dynamc
range of i gneAb1 GGl SldeBugMill Br $AB1E, ebatiiheeakigl opAmexfsremgi on | evel
quantified by other nethods. Representative el ectropherograns of the
VERATAQ r yhagicirigptiog ehesried§-or four wel | characterized FFPE breast cancer

cell lines arershome-Jd VERAGNG® adsay &rRBE wkelcBmparftBdt ahd/RL ahigfody | HC
m crographs utili ztlégg DAB col or devel opnent. The peak area of the
on

. : ) P
VERATAG( r Forgestion filgrrradidonggiat rosulfemite Rest pSsayaReEigimaRes ANSSE A€ YT si gnal
intensity pﬁglaﬂni{ylsfo%%,s ﬁlﬁi@tmg_lgmt) hs-giﬁﬁxg%ﬁgﬂbzd-gﬁ t ﬁﬁt:bsaﬁﬁggmsa;ﬂ ebroHer . 2
expression | eve 1€ rercep est: - - = 3+, - - = 2+, - =
0- 1+; MDAl hindithg nen-proxinyity ipsgt gelepse ot MHBATAGP from(y 86%’9?;}1 nihe 9&%@&%‘7'\?
Opt i m zat kgitatip\hdigy1dnd 8uk] AltR0gtdRe MBthy BRMIucitiett riletst flahst ptavideYERATAG( 1)

assay developnment in the proximty format, relativ ffinity and

speci fi ci ngh%%?@rad‘e‘tgé?ln’i’%‘éa@“&vw%éy Pﬁ‘&?éﬁi%ﬁl‘“ HEs "é‘é‘d=d¥&5‘8rr

non- pr oxi g@hal t&Ba&@ga&un}q{EﬁeBA@gyn)ammh@,S@fi@x@m&é hiogm&selﬁi/itmtﬂeét% a Kl and
saturating concentrations, under, pr.oxi condi.tions. Antibody titrations
ver ol Per f SRR B POLFNFACTTYEUR| RHSRTEEP R OB S ROYRIAETEAPPRE 1 on

posi tive AHKBRoa) ainNghsBgHL redtds (B bdBighti8) bidkprovnditiy 8 Sian geldcteRs cel |
lines utilizjng a %atur t] nE cog}t{:entrati on (20QuM of the O sensiti zer

met hy| ene thsifiralassy ‘?rA%(‘ 9 S¥€Y-ease. This non-proximal rel ease of Pro
11VERATAG(r) f TRuBib10GER Shplowlnihe ahb it bOms-20ihd bodad tontodiedyisr ef | ect s t he
antibody's relative affinity. The nul.ti-pargmeter curv itLi result for
Ab8- Pr ol Tlefi'é‘mﬁ%tfu%ﬁ@ia@?@rf rif PRIy eé'gblflﬂ%{hﬁBieé?&ejefﬁ‘”tbﬁg%gv%- 8ug/ m_
(40- 5OnM TauKlthe nfEdiuAarHdrQ ekpresseis Mgtecfushet erdifiodiorrtpssfiedAly tiHewt of Hel-3wi t h a KD
of 2-3ug/ nL %12- 841%(%}]& The non-speci fic binding of Ab8-Prol 1 can be

esti mat ed “¥HGH"T AE" i’ control MDA-MB-468 as <4% percent of the total
SK- BR- 3 siEgaiagle 1 Wagbkasiort ffHenannd Hered Elassifibitiod imgptiafts v\l fetistaticbieabts
estimated to be -10% Optimal Ab8-Prol land Abl 5-biotin concentrations for
the proxi ¥ assay of total Her-2 were deternmined by antibody titrations
on FFPE br east ThaviERATAG®Iasday naspaafocndilmanotorteé pitichts mith MB(hJhas. The

concentrati.ons 0 ot h, ant | bodi,es wer.e d u ri th Ltyation from
0. 258/ i <IGTRYG) 1) SRR TR R PSPl s o1

appr oxi matel iy caled iriLimascohbis. dHCads pafortned én apatiomsl htesentaah theatiopather at i ng
concentratjon reached at  3-4ug/nl. ln this.an her..si.m | jtration
studi es, tHEBH f%lenn&"bﬁgﬁtr}% 0 aalcﬁ%nélkeop&ﬁqaloég iwgero%he%atée?%ovber?l?ézéfril%g/ nL for
bot h Ab8- Pr@ISH pasidivAHr&m thied03 patieitd diothaderatral FISH measurements, 98 had H2T

measurements, and 79 had H3T measurements. Of the 79 patients thus selected, 3 were

25 excluded that were FISH negative with H2T > 1.14. Thus, a final test group of 76 patients
were tested.

Five groups were tested as follows:

Group 1 FISH negative H2T <1.14
Group 2 FISH positive H2T <1.14
Group 3 FISH positive H2T > 1.84
Group 4 FISH positive H2T > 1.14, <1.84, H3T high
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optim zation experinents determ ned that the concentration of the
2-sensitizing reagent SAMB of 2.5ug/nlL is saturating under nost conditions
and t he opOi20Bl0sBdBum nation time is 2 hours. G ven theseTmssubinsi27a
concentration of 4ug/nL (26nM was chosen for both Ab8-Proll and

Abl 5-biotin, and 2.5ug/nL for SA-MB, for further assay optim zation and
characterizatign of perf nce,. IThree formats were
conpared at 4 (S?Oﬁf%anu bolgalsﬁcp(?ﬁ%‘éentratl gﬁhtz xggﬁ’};%%H%Toﬁ%? i ons t hat
result in thebest—assay perfornmance. These are two proximty formats,
consisting of Abl 5-biotin plus Ab8-Prol 1 and Ab8-biotin plus Abl 5-Pro
11, and the nofs Wllﬁlgyfedﬂhé@ﬁal peql eh Sler-d positraaticappd # pedianame ro 11 in
the pr ese??o%regglons(%?f SANGoRS i BB H6nts HIAHPUGE s imBlgtiélsesa bl ue

di rect ease format provides highest overall signal, both proximty assay
met hods r ekaysta madiandiBrof p4angfsund, hi gher signal to background ratio and

dynam ¢ range, Tﬁcﬂﬁl’téf’o iSls m'bu]ﬁi @%&%M{tpbmmﬁl(ﬁd}mm%%r@iso@%nber per
cell determned by in @pen dent nethods. pr oxi d}ﬂ%rformat usi ng Abl

5-biotin askrmApEigprdh and shewyd medianiT kiar BIS '§It“e§4t’dﬁ%.‘} Pal@Qifdund ratio and

WaS sel ec%?lth@%léﬁ%osflﬁ\@%hd aspay 14 o I Bhodta, artmsn%mmeuam Hothel . bi & ogi cal
sanpl e where the anmount of Her-2 and/or Her- 2 honodi mers j s _pedi um was

further ankPyosthss Belatvgdo g FFEERIsHiMe: 612 T3 r 4 3rque; thgt 'SHEestivhdls descri bed

above. Thuygq gmﬁ<mﬁ1 Ap=b180023 2aRMAEB S5, MET € 1f14ithp (HB+I.BhE6.08g or
classified b e level of Her-3 expressors being high or low Exanple 11:
Appl 1at i SWeHFmFIéWO’Ze QHePM9Er -3 classification in patients with netastatic

breast cancer ﬂ?@da‘tﬁ%ﬁﬂaﬁ@(ﬁh@ﬁﬁﬁythm& IFISpr@ilff&dmﬂ Righ HERNDEpresdorgiat i ent s
wi th MBC §-El-hl S COhortel}(dg:pé@ n};ﬁ% sgd%&q\é@ge {a{chﬁﬁ ﬁdl ntclgié}d)?ﬁ&g al Serum
Her 2/ neu SRQytryin & P HC was
per LOF {TEd n%th’t's) ey QM @dlﬁat &o&% tr?atl ﬁﬁé}ﬁs{tﬂh vJe&ClaBH@BsmvetHaem%Jﬂxb&eeﬁsly }1%1(1: 0; Vi enna
in Austria - by a single pathol ogis s.were + or
2+/ FI SH p&&ilt(- %epa“F‘i‘tbﬁ‘l‘ﬂi‘ HgT 7034354 <ér§f‘%peré§“ h%ﬁir @g&}‘lﬁgﬂmﬁﬂfvgﬁa%gsur enent s,
9ﬁ hagl PZRlﬂHE&ﬁd g&@(@g\tﬁn amqi4)7(91Rhad ﬂ‘—“'@bOO@ﬁH‘H&B@iﬂlépa’[ﬂtS hoRloZM{T zjlat1 i izt s
t hus sel ecte excl uded .t hat. wer gat >
Thus, a fllﬁ%’r3§é’§9 OfHa apF Iéﬁp?ﬁt‘ﬁd’taf‘@’itﬁ‘gn @?%Jgget d’bv[% %‘bglf{gu%g wer e
tested aspE@bbddys: As shown in Fi gure 4, the total pool of Her-2 positive
patients had a ian tine fo |on The data for
patients in GEE%‘? afig%paé‘ﬁ‘&w (frrﬁuqé gj‘ﬂ thgt aréﬁ&%‘ﬁ’é\%e %{ldr@qﬁf%TP of 4.4
nmont hs.  Thgorekaéra addihatpat itk Stratified¥yodiferhighha tovaHer-Hxphspasis thowa iand | ow
HER- 2 expli?leg?l?eog gnd S?IOWS a median TTP for FISH positive, and H2T > 1.14, <1.84 (e.g.,

moderately high H2T) and high Her-3 expression of 7.4 months and a median TTP for FISH

positive, and H2T > 1.14 < 1.84 (e.g., moderately high H2T) and a median TTP for low Her-

3 expression of 15.0 months.
For the five groups, the median TTP (months) and hazard ratio relative to FISH
25 negative, H2T < 1.14 is given below:

median TTP Hazard Ratio (p- Hazard Ratio (p-

(months) value) vs. Group 1 | value) vs. Group 5
Group 1 4.4 N/A 4.9 (<0.0001)
Group 2 32 1.1 (0.84) 5.7 (<0.0001)
Group 3 4 1.3 (0.53) 4.2 (<0.0001)
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shown in Figure 6, and shows a nedian TTP for FISH negative and H2T <1. 14
of 4.4 nonths, FISH positive and H2T <1.1 4 of 3.2 nonths, and FI SH

posi tive,wendiok@dscz 1.14 of 11.3 nonths. Rel ative to thecEuSkbpesiztz ve, H2T
>1.14 group, the FISH negative, H2T < 1.14 group (HR=2.7; p=0.0002) and

FI SH positive, H2T < 1.14 group (HR=2.9; p=0.004) experienced worse
outcones. The gata for patients in & at are ositive and high
HER- 2 expressor8'8 % shown ’}I Fi gure '%%grgéoglﬁoms a 3I'lI:"fqa(())r FI SH positi ve,
and H2T> 1. 14 84 of 12 2T monthns. is d shows that| patients
that were FI S@rﬁ%gti ve haVvi ng noder atog](;%aﬁ?(}g}ﬁ H2T61%I/23‘. g., patients with H2T
> 1.14 and < 1784) performbetter that FISH positive patients with | ow H2T
(e.g., H2T < 1.14) (HR=4.0; p=0.0002), FISH negative patients with | ow H2T
(HR-3 5: p<0. Ob@dptaghusidiiates dhat 2 signifiqeatumberof RRticRts hagHeEpFatedwih 1T >
1.84) (HReduum _Qahgpcﬁxq}{C a}-@ﬁSﬁ%@a’tfvgﬁn&ﬁ@ h&@ésﬁodd% %&HH}? Aﬂs@t*g%u'é that are

FI SH positive and R-2 expressors and that are further stratified by
ei t her hi gfFISH- HOEW@H@ﬂefBS @%6‘@@5’3‘11@? 2 expressipiys mgaspfed by SEBmagiiid afows a

medi an TTE_SEO%B td tlreﬁhhe%)&iﬂtl {ré(s%azuﬁgﬁjwlﬁ%gnotiler]sﬂb grﬁuﬂ-oi&#Sﬁ?eQﬂv ‘Iﬁﬁgﬁ( el y high

H2T) and Her -3 expression of 7.4 nonths and ian TTP for FISH

posi tive, hmmgh Her-21expressjongig measuged by ffRaagh dsodidhpejpesppneyo Uemept pedi an TTP
for | ow Hgep tr%n%%@%b Bk d Qfibgdonp Of PISRLRSitivE neﬁtbﬁlaimau%mgér%gsught he nedi an
TTP (nmonths) and hazard ratio relative to SH ne%atlve <1.14 is

gi ven bel tvg-Trrdivamidier2 sugession praeasyred haHERmakghevred hehestiesmense t%f pati ent's
that wer eqL8ad S6th Wadtubdagst uzumab based on | HC are FlI SH-negative and did
not respond to treatnent. A sub-group of FI SH—(ﬁgsmlve pati ents t hat had

| ow Her- 2 expr Bisdhighsuherommel FIS ERowHy epirgnithat fadmodsratehphigh (g tRediumdat ment

Wi th traspgzs smlé&l@d@%ﬂﬂ%s@&wx&rd%&d%ﬂ%he%lékmme eW@hiT@et s that had
very high Her- Eresm on as neasured HERmar k al so did not@respond to

t r eat ment daip shgwe F}& in e higdhs uberRupt Rpfipnds ‘é(lﬁlbb‘glbﬁﬁr DEXPrEPLRR (5’6%‘11% 0¥ Pati ent s

that had Hg&ﬁéaahﬁlox SR (4.3 1) thAERS UL gdHOE, 1@y B¥PI 8Ssaiy @Sedi@asur ed by
HERmar k shovved t % response to treatnent with trastuzain;flb The third

subgroup from Baned bag ﬂbPVé‘alﬁﬁFlrﬁh PPTOFESFIOR A CORFARy RRFiRNTS I e pyr ., medi um

Her - 25 eprgl%ﬁﬁ_{»vQﬁ' l0WOMdrch J&Ere§§rﬁnt(bﬁ{up$¥ﬁh'ddhé/ﬂe§lt&§‘spb@8 Sflar§Rub-BRup, @Mﬁﬂa sof Her-3
expression data shows that in the third sub roug)a?ﬁr&@ent wi th high

Her - 3 expfaddseesaseerighgompiren i ISHTpgAkY: |1%HF‘I' 4P, 9. 951) than

FI SH negatddifid sigRificdnel) bektc® ¥RpdassthittinfemhddRint I%er(ZQh@ Uigh Her-a8%hrd3agds about hal f
the risk ?f pro ression. In contrast, patients in the third subgroup
p__

The data thus show that it is possible to determine whether a patient with a Her-2

20 positive cancer is likely to respond to treatment with a Her2-acting agent and/or for
predicting a time course of disease by measuring the amount of Her-2 and/or Her-2
homodimers, wherein if the amount of Her-2 and/or Her-2 homodimers is moderately high
(e.g.,medium), then further classifying the patient by measuring the amount of Her-3. Patients
that are treated with Her-2 acting agent, and that have medium Her-2 expression but high

25 Her-3 expression will have a longer TTP, while patients that have medium Her-2 expression
but low Her-3 expression will respond the best.

Example 12 Application of Her-2 and Her-3 classification in patients with breast cancer in

the early stage (i.e., adjuvant) setting
FinHer (Joensuu et al, N Engl J Med 2006, J Clin Oncol 2009) is one of the several

30 prospective randomized clinical trials that show a clinical benefit from trastuzumab added to

early stage (i.e., adjuvant) chemotherapy. We investigated the relationship between clinical
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with | ow Her-3 expression (G oup 5 had the best response of any sub-group,
with a 5- fold decrease in risk conpared to FI SH negative, | ow Her-2

expr essi onopatomsaics (G oup 1) and had significantly beter/usesiponre2 t han
internedi ate Her-2 and hi gh Her-3 expressors (p=0.0003). The data thus show
that it is possible to determ ne whether a patient with a Her-2 positive

cancer | S, el[ htefwfn &%turzgrﬁ&)ooe{?lq q{x ftlléa d@@ﬁﬁﬁ@f)row& Jip@ssmr(ﬁZ?ﬁs'd&grnﬂ%% and/ or

for predicting a tine course o i sease gggbémaasurl ng the amount of Her-2
and/ or Hethe IERowddissayFormalinefixed, pataffingdwbedded (FRPE) fissp fromp 8EhHV&iveHer - 2

homodi mer g3 [RYehAL @éht}fe Rhab s(uﬁy Shat ﬁﬁﬁqwmte ifvRER thibliRGles fr@esi fyi ng the

patient by neasuring the anount -3. Patients that are treated with
Her - 2 act HRmatkemstay warednalilee. H%V’éthPPédYCEPrﬁmp%lt’é{S‘(B}‘ €54 dnthisgtidhi gh Her - 3
expr egssi Oﬁat\%tjs Lwtn@iﬁ§2?)oglm;tgﬁﬁce}rap%Wel‘eeramﬁx'lyﬂﬁ&gnehh@ﬁecé]@é/&thﬁed' um Her - 2
expressi o | ow 3 expression wll respond the best le 12
Appl i cat i tastughmpleadngnigiprgd Hé\COIBlt@FIé§’§P Fheanotheeny fo 9FY‘§F1FSé’ﬁ1t%Ch\‘RF’P‘l‘1€rBPyeast

cancer 'néIB 1rfs 513(1 d%v@ﬂﬁusfelioﬁ'the agtinl ARt NERe dsitivgcdntd Mab wedoensuu et al, N
Engl 006 in Oncol 8 is one of the several prospective

r andom ze@néqmlmddarraamm@plgtrwmm §Irﬂ9WT%l Rasitiqnad sganppgarfysespyesgopdusted y z umab
added to E)qgér%f}sthégﬁm(aﬁ cxﬁoffd@cq}n&{x‘{af%'i]% Ihe GBS HRUNNETERYpEs bHOVASH Figated the

rel ati ons eétween clinical benefif fromt rastuzumab and quant i ative HER2

protEl n ensze@tsswltbﬁery B2 valvet deahiied2 By 31Re 9 HERHIFUnEAUGNGESFGHY | n-f i xed,
par af fi n- ﬁHﬁ%@Qﬁ&n{aﬁgPElh&ﬂo%%y frE R BR%tvEKAShYSs DIreash, Bangsforcases of

the FinHer study t had adequate invasive tunor tissues far the HERmark

assay wer PRnIRGHEY P 10% for Obhwbie Giereav i) bt t1%¢ BY(FEER2 T n this study

patients wot b HER2HREEUE iP). cRPOS). (N=232) were randonly assigned to
receive either trastuzumab adm ni stered conconita Caf%(b?ﬁgéh chenot her apy for

9 weeks or to é'ﬁné%ﬁ%ﬁ%wnép%‘ém‘opﬁreﬁ‘ﬁegt"s‘{‘ﬂ’(ﬁ/a d°Bn the patients
Wi t ) HER2 1 R@$biateN BerSid MEMEir WiReyVey Bisiraedage zed to trastuzumab treatnment or
control. Positional scanning anal yses were c % ﬁd to |dd§% WI]?X t he

opti mal cut of f Waile e prefergd pRBodimeIt giths inyeniign Piratedandqesspited § Fi gur e
9, patientg épE reVigled th @RokdZhantad 448 e (da@eghh'&-ﬁ%tﬂoﬁhepanhg% Be fRmar k
units) did not eneflt fromtrastuzumab pl us chenot herapy treat nment

rel ative ¥ seonstofdlednvepi®®, 23 P = 0.75 for TDR, HR=l .05, P = 0.95 for
0S), while those with H2T val ues <125.9 did (HR=0.52, P = 0.05 for TDR
HR=0.48, P =0.1 for OS). Al printed patents and publications referred to
in this application are hereby incorporated herein in their entirety by

this reference. Wiile the preferred enbodi nent of the invention has been
illustrated and described, it
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wi || be appreciated that various changes can be made therein w thout
departing fromthe spirit and scope of the invention. That which is clained
is: 1. Awoethowssm3correl ate the relative | evels of thepramuspitoobizat | east
one of Her-2 or Her-2 honodinmers in a biological sanple froma subject with
a prognosis for the likelihood that the subject will respond to treatnent

wth a Fbﬁhgv@lghllp‘ga@g@{gt conprising: (a) detecting in a biological sanple
fromthe subject's cancer the amount of at |east one of r-2 or Her-2

homodi mer $;  and nepied éosarwiati thewglatirrdlewrhoi e apvoupief atdeastonget Ho-4fnpdi mers to

a pr Ognos'}ﬁr-ﬁ AbmddiGerk H‘aecllblb%@ad sdnkpM fréh @ ssujdRi WK a Pobdosks @S pIRNkelidod r eat ment
wth a Her-2 acting agent he nethod of claim1l, wherein the cancer is

at | east éﬁéthéﬁl’bﬁﬁéf‘é@tréipP@ tg tregmpRtgyith adler LcigAgent EOMISINgL i yyant ) br east

cancef. 3. The(amt&ﬂg @fa tﬁél?u’f@l dampM¥RIRINB subfject H@anddrBeimotiit of BGeast | east one
of the Her-2 or Her- % rrers i s equal to or above a first threshold

| evel , thé““s‘?fﬂfeé'éto"gerp?r]éﬁj?ﬂﬁlg’i“’és 8t o be likely to respond to the Her-2

acting agent. c&%tlﬂ@ih@@ﬁlloéﬂ{t of Hal 0r Her-MiheHh&dimers fio 4 fogre®trtheof the at
| east one of t e Her-2 or Her- 2 honodi ners equal to or above a second

t hr eshol dlikdiheed hatdhrenbiesi Al foson ¢ i&qatmpent gg’h%ﬁﬁf $ ¥HBE 22Phe subject' s

prognosi sai s t ohdiBethidll dfikRInY 1,tvohefe@B(BO Blhcdras dt NAstldas ofdnadtatiogr @@ent . 5. The
met hod of claim1, wherei n a predeterm ned neasure is created by dividing a

plur&ityesh 496 (ice PUNAIRIPEESICAICE™ at | east three subgroups, wherein the
first subgr OUpTH&H@ﬁd(ﬁﬂ‘%laﬁﬁm}%&lmi&ﬁie@@oﬁﬂlGf the bt-1@asDéne I the HehDbidérer s at a
| ow | evel , V\/ner ein the | ow | evel gp E‘j pgl nlg an_anount, tof the at | east
one of t héhp@pdimessis qqupl toonABAYSH h‘ét esbglddsvet BresPIEsL BIRERCSFi 8% t hr eshol d
| evel , anqikggng, SR Bshd¥tingtidkgaount of the at | east one of the Her-2 or
Her -2 honodi ners above t e first threshold rise sa ?av ng a high
| evel of the HEhemethgd qfig "‘2 LvgiEsin %Pé‘mogﬁﬁ?&/ﬁ lgalshorieﬁ’g&gz%b &k ﬂl‘?‘Yaw ng a
hi gh14 eveb heiodifers hﬂ’qnﬁ t@br dbeve asetdaittesteld seveichigheethardihv fidediresild t wo
subgr oups er h subgr ou LS n amount of the
at | east Eﬁ‘(g] %‘F '%/bﬁ\ g%‘l"grﬁ’s rs lgng ﬁ%ﬁ?‘%ﬁ?gngﬁﬁ?ﬂ?%c %S\a/te a second
t hr eshol ds] eveThdlhghtﬁrochham td?lereﬁrl 4 predetdnnpshobduledyatatedydinadinpder at el y
hi gh subgrou rising.sa VI ng an unt of_the at |east one of
the Her- ZPB‘Fa tﬂgbl?ﬁ’i 1%‘?@“3?365 ‘%ﬁ?fﬁpso?” SENAR T SFHEO%i st t hreshol d
| evel and cbrﬁﬁr&ei daalple@hava@uaé Hér@ drl}Er-S acaodimthnesholldel, eteatin tig.lowhe net hod
of claim iaﬁ | n the ano g&el—ﬁr-F ho?ﬁ‘ I{g?-ﬁorf{er- old{meeg using an
assay’ cap FePOBIP”??EB%Vlﬁ'}% at’i‘d‘”’é?ﬁ'&/o GUSHERPT I Fish2 SREEE SO G EPH- pr ot ei n
i nt er act i @& belw a first threshold level, and the samples having an amount of the at least one of the

Her-2 or Her-2 homodimers above the first threshold comprise samples having a high level of

the Her-2 or Her-2 homodimers, and wherein the samples having a high level of the Her-2 or

Her-2 homodimers is then divided into two subgroups, a very high subgroup comprising

25 samples having an amount of the at least one of the Her-2 or Her-2 homodimers equal to

above a second threshold level higher than the first threshold level, and a moderately high

subgroup comprising samples having an amount of the at least one of the Her-2 or Her-2

homodimers greater than or equal to the first threshold level and less than or equal to the

second threshold level.

30 6. The method of claim 1, wherein the amount of Her-2 homodimers is measured using
an assay capable of measuring and/or quantifying an amount of protein-protein interactions in

a sample.
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a sanple.7. The nmethod of claim5, wherein the noderately high Her-2
subgroup is further subdivided into subgroups that express at |east one

ot her bi onerkevos3&#3 The nmethod of claim 7, wherein the atrThusasi/oone ot her
bi omar ker conprises at |east one of FOXM, PRAME, Bcl 2, STK15, CEGPI, Ki-67,
GSTM, CA9, PR, BBC3, NMEl, SURV, GATA3, TFRC, YB-I, DPYD, GSTMB, RPS6KBL,

Src, Chkl g | Dl theEadiRla ofRidifn 5, GBI thelhbfbratéi kizh HePCaiBroup (eoFthifther AKO55699,
P13KC2A, TGFB3, BAG I, CYP3A4, EpCAM VEGFC, pS2. hENTlI, WSPlI, HNF3A,

NFKBp65, Brdixied mgrsaberppps thayeppreseatleastepeodiv: biERiT, EPHXI, I FIA CDH .

H Fl a, | GgBP3; ThelaBhoddtRim Bl viMBlefd th¥E®ast Jab3thds bidihiRker 06m R8s at &astThe met hod
of claim?7, wherein a predeterm ned neasure i.s g@nerat ed gé $vggl ng the
T B % 1%

Her - 2 medPRRTATHNG] PRAME Bl R TKAMSEEE ] e dy> S TME 527t Ro s, based
on the | egekvoGatias, AirRd, 8ast DENS, GbTen, 1pIsr®I ke, Chk IDTstRIEiAI0d of claim

9, wherein the noderately high subgroup is f e Lvided b upon Her-3
expr essi of War &1 §hka» 5%@@84?%&&}?@55 gy Rhﬁ{é%g‘ i@?ﬁ% Ba%(g’\}’eéi&%\ﬁ st

t Er es EO: g EF@MM, vaegcapd20MeN BN VISERHANF3ACNFKBYE SNBRERD - IRGHEE ITeW, ¥DRecond

t hresho

| CPpS2ONER it ; .
at | east 5%&%%?3_728%1&,g?ﬁiqg,rl‘f}big;ﬁﬁi{ﬂ%&%ﬁ%ﬁﬂ%ﬁ@r&?ﬁﬁ@ﬁgvﬂs| imllelt Set 0

respond t gg@recher, kbraet p93g agent and/ or wherein a subject with noderately

high level s of _the at | east_one Her-2 and/or Her-2 diners and. high |evels
of "H -3 Ps unFhecarbodat SPER hered P REBLREFSES AR LoUSPERY agent .
11. The nmefehdethe@imGh@bmMd®, hihamelenintd @ Idaafwdsubxipues bisehorcteardl s2s Her - 3,

Her -3 honpdi ners, or r-3/Her-2 heterodiners. 12. The nethod of claim 11,
wherei n t HE anﬁfﬁﬁﬂ‘?e %lfelr_‘gfé?fn?%‘e%onodi mers and/or Her-2/Her- 3 heterodiners is
measur ed_ uel NO TR méBicN cﬁﬁlpgbi'}%re_ﬁlf therRiasdiste 1N §igh Bebigedup Guiankdr tivided an anount
o P11 B oLeL L1 SLREL R15 1, SATBL Gy A BRSSP o0 1 0
i s likelytr@hbiaveelans b @W et asthpridvetaning OIRPS balow g séched thtesipdd loel, ahd)
0ot et 0, L e SRl L U B S50 SRRl AT, 1,
Her-2 or Heftow iherodHeEd B likely tdrespohk®@lthdidad dctiafagthendobjeetin adubjecthave a
PRARESCRCV VTR AL EER TR
cancer . 15Herh & unikdoet 1ab likdlaioreshdnd toldertir attvg agergni fi cant event is a
' edu&? dt i1 {TE b?ltle\l\rlge%god of claim 10, wherein the Her-3 expression comprises Her-3, Her-3

homodimers, or Her-3/Her-2 heterodimers.

12. The method of claim 11, wherein the amount of Her-3 homodimers and/or Her-2/Her-

3 heterodimers is measured using an assay capable of measuring and/or quantifying an

amount of protein-protein interactions in a sample.

25 13. A method for predicting whether a subject with a cancer and being treated with a
Her-2 acting agent is likely to have a significant event comprising the steps of:
(a) detecting in a biological sample from the subject’s cancer the amount of at least
one of Her-2 or Her-2 homodimers; and
(b) correlating the amount of Her-2 or Her-2 homodimers to the likelihood that the
30 subject will have a significant event.
14. The method of claim 13, wherein the cancer is at least one of metastatic or primary

early stage (i.e., adjuvant) breast cancer.
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di agnosis with the cancer and at |east one of primary diagnosis,
progression of the cancer fromone stage to a nore advanced st age,

progr essiwo 2bm/mseicast ati ¢ di sease, rel apse, surgery or eeaus20106212The

met hod of claim 13, further conprising predicting a tinme course during

whi ch the significant event can occur. 17. The nethod of claim 13, wherein

if the amsnt ofe hbgoBdf clagR sy, vdBRiGhe i dﬂﬁtrevant(i)sra ﬂé@fced?tuh@ﬂ@dédﬁers i's equal
to or belowaflrst t hreshol d | evel gni ficant eve is that the

subj ect i diagrasis withtaq Gangepandal I5gH gng o Pflﬁ@ryl—éé?g-“?‘sa@toﬁ’iﬁ‘ rél HEEcaC8"  The met hod
of cl ai m k3m oMbl 1 ainford AR arRBDUEHe, BbgrbfIRn 8 méteAfik dB3BRe,0élagshi8uldes- 2 or
Her-2 honodiners is equal to or above a second threshold | evel higher than

the first % #8shol d | evel , the subject's prognosis is to be unlikely to

respond t a6t heThiemhetBoddriciaity 1 HF@itter cokfprifing plBitiech thie e Barkg whidheliei N a
predeterm ned neasure is created by dividing a plurality of subject sanples
into at | 881N PEEt GOBHbups, wherein the first subgroup conprises sanpl es
havi ng t he7Her TR @éthddedf-cRinh O3VRMhierFRY is thahmaurtt ehod: a\lﬁlst,onh&\/ﬁﬂheHEr-l&e I ow | evel

conpri ses n annun of t f 2 or
romPt oy HoEd haflo @RS Mg b b st KR eHITE: e e Fodit iy etis el s
havi ng gnsﬁﬁﬁﬁﬁﬂ?®ﬁk&ﬁ@ﬁa$mkﬁﬁﬂkP&ﬂeaﬁhgbgﬁtHer-2h0r Her - 2 hOﬁDFIﬁE{S ?QU?
to or . abo t irst. thres co ise s es evel of the

b0 o OHE D h bR PR 0 R BB 2 dR RS Rt n0 e B el of
t he Her - 2 Het-2 hishodImbre isrdidley & absvetalsedondlitivdshieidi lelvﬂtlﬁghéwmaxﬁué)@rrsoups a very
hi gh subgr Si anpl es. h avin anount | east  one of
The or DS UugiRo B g bl RE PR Bt b kP B sPene B s M Ehow€ BByl evel
hi gher t haa t hEhd metbdd dfilags |D3J|vﬂheﬂeﬁlv(ﬁiredeﬁ:ﬂdm6d medet &Etcﬁéa}edfby dvidingegr oup
conprisin t he at e of the Her-2 or
o5 bondriEPe i aE vtk il AT Dhnse ot e e FHSuShPL | ovel - and
Iesslshancmﬁmﬁﬁuahpkohmhgt&ﬁHﬂnﬁn&hheahmbdnmﬂueimw2@wlIhamﬂﬂwhmd of claim
13, wherein the u5| an _assa
capabl e ol HASAR RSP oyt ShBE AL LB SRS s B aBEs
interacti tmsbelowaa festnipbshold2dvel, Iﬁtﬁhﬂmﬂm hmfmgﬁnamasuﬂt&f tha,faelem dmetolﬁﬂlerTedl um
subgrou suhdi vi de |nt t expres | east one

g p r égr I‘-:Ier OIH.P 1me|§]seetqu a%%\[equfqritlj{[f?r e%)er é)mﬁrl %Fa}r

ot her bio al m %ER&F one ot her
bi omar ker higbiqyel cﬂ’dﬁ: He©X vk HePRQcME)dHBﬁ'i 3nd BHdfdib the Chrfhtes, haKing 6 Righ GsdIMf, CA9,

ﬁES | the%'&% or ocr:\'nAo;rc&'fAr‘%ﬁs 11_ Eh%cglvup d irito QJE}YsDbgrc%%p\a/lB\fery%P% Ecg'rbupsr c, Cnkl,
comprising samples having an amount of the at least one of the Her-2 or Her-2 homodimers
equal to or above a second threshold level higher than the first threshold level, and a
moderately high subgroup comprising samples having an amount of the at least one of the
Her-2 or Her-2 homodimers greater than or equal to the first threshold level and less than or

25 equal to the second threshold level.
20. The method of claim 13, wherein the amount of Her-2 homodimers is measured using
an assay capable of measuring and/or quantifying an amount of protein-protein interactions in
a sample.
21. The method of claim 13, wherein the medium subgroup is further subdivided into

30 subgroups that express at least one other biomarker.
22. The method of claim 21, wherein the at least one other biomarker comprises FOXM1,
PRAME, Bc12, STK15, CEGP1, Ki-67, GSTM1, CA9, PR, BBC3, NME1, SURV, GATA3,
TFRC, YB-l, DPYD, GSTM3, RPS6KBI, Src, Chkl, ID1, EstR1, p27, CCNB1, XIAP, Chk2,
CDC25B, IGFIR, AK055699, P13KC2A, TGFB3, BAGI1, CYP3A4, EpCAM, VEGFC,
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CDC25B, | GFI R, AKO055699, P13KC2A, TG-B3, BAG |, CYP3A4, EpCAM VEGFC, pS2,
hENTI, W SPI, HNF3A, NFKBp65, BRCA2, EGFR, TKI, VDR, Contig51037, PpENTI,
EPHXI , | Rvé,20(0@isB463HI Fl a, | GFBP3; CTSB, Her3, DI ABLO, VEGFUs@i8h212OR, or
p95. 23. The method of claim?21, wherein a predeterm ned neasure is
generated by dividing the Her-2 noderately high sanples into at | east two
subgr oupspd, kKENY1, twishavieNeh A, Nkt s, BRUA 2 BOFR EEK If, ¥DR) @uitpg1@7si gni f i cant

event, based on the |evel of the 24. A kit to
corr el at ePENEL EBAX{; FdA| QY S5k, ﬁfgpgrfﬁﬁﬁ ?%f3 b?ﬁ%’le(g’s ng%c}]l Her-2 or
Her - 2 hongeiryer si n a bi ol ogi cal sanple froma subject with a pr ognosi s for
t he |Ike|lh00d that h}g sub% vaI resl?r(l)nd to treatnent

acting agéht clajmyy1 arﬁ’é’ﬁtpéedlﬁﬁ IR BRI gle%eraaedotiyﬂ%‘fﬂﬁp% al sarrpl e
fromghe ﬁidl»iee-g tmo&exﬁtam@gh shxhgleaxmtanteasniwcagungeﬁqsthkapeo iefve tHefkredt thiie Her - 2
o o0 Ry S ASHLR0R 00 e/ 0 5 TSR Sl 1 2,
respond t 4.t r eatkirgdorisiatelth@redeive 12velCdf tHRGBAEL at least one of Her-2 or Her-2

homodimers in a biological sample from a subject with a prognosis for the likelihood that the

subject will respond to treatment with a Her-2 acting agent comprising:

10 (a) reagents for detecting in a biological sample from the subject’s cancer the amount
of at least one of Her-2 or Her-2 homodimers; and
(b) instructions for correlating the amount of Her-2 or Her-2 homodimers to a

prognosis for the likelihood that the subject will respond to treatment with a Her-2 acting

agent.
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