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of interest are immunomagnetically isolated from the patient sample using ferrofluids.

Ferrofiuids contain tiny magnetic particles in a colloidal suspension ‘whose flow can be

controlled by magnets or magnetic fields. |

in order that this invention may be better understood, the following examples are set

35 forth. These examples are for purposes- of illustration only and are not to be construed as

limiting the scope of the invention in any manner. - ‘



10 the cells. For the detection-of carcinoma cells, 7.5nL of blood is
m xed with ferrofluids coated with anti bodi es directed against the
t unor - associ at ed anti gen EpCAM (epithelial cell adhesion nol ecule, or

epi t hel i alW@&M144¢ ace antigen): After inmunomagneti c PERABIOATRA¢83
fluorescein - isothyocyanate (FITC)-|%bel ed anti bodies recogni zi ng

cytokeratins 4, 5, 6, 8, 10, 13, 18 and 5 19, APC-I| abel ed anti bodi es
recogni zi ng | eukocyte antigen CD45, PE-| abel ed anti bodi es recogni zi ng
| G-- 1R, and the nucleic acid dye. 4',6-di am di no-2-phenylindol e
(DAPI') were added in conjunction with a perneabilization buffer to
fluorescently ' |abel.the i nmunomagnExAMRILES/- | abel ed cells.  After

| neubation on the MEShERbied 0 YRR BioSE BaRAHS Wite Wkan EPRAIE Jedfinic
excess staining reagents were aspirated. In the Tinal processfng
step, the 1q5alioas fromjuman pubissls n GEHLSAYE: FieseRaiyeEsPesiipmunitaBsdytiagdes n
Devi ce (| mmvallayoPA), Eractatetgtion. bitet Idey, tufidd)contdihing a del\ireservetiveso prieseras cell
chanber and o{oAhofBYRRL Selid &frfaBs lafftfen té?(ﬁreﬁssrﬂﬁ':'n%gﬁiglggv&e?éi'nla)ﬁ{éjl[ﬁge:{tergom

cells for analysis u%l nﬂ a.fl uarescent m(;r_oscoge. . fthe
MAGNEST was '§5iRgeatsie gof RPesTee 28 SesefardiRPAT A ¢ hoys pidifed coflegfion.

sem - aut omat ed f Patianesesporise nfo clreabuanp avas |assayeed raivigicailyvesirignie t Response

fe,n][ ![ re &MSC EvAhatibh @rifétﬂé b $dﬂg$ﬂméf§ (ﬁ%ﬁls@)ﬁ@& Blerd8 of %?;‘,J 0. I_flelt'f‘@érﬁ:épﬁ%l‘:[ 92:
ilter cube e u apt.ur ed .1 mages contal nj.ng obje

Lhat et - or eaeels AFR e Relere P A pHA prAep P e REKRg gaiH (SaRa)

web- enaliPed clieriaises Bubtayiet alihi.cHn.fPnral 15H6€84670M999). cel | s 'was nmade by .

the operator. The criteria for an objeghoid @ be defined as a CIC

i ncl uded round to oval nprphol ogy., sibl.e nucl eus, (DAP1 positive)
positive staining for cytURer: M@%‘“t‘"%ﬂ"&%%&é% n'of CD45 as

determined by 20Rel&uitye aohesl Aptising: Fhapraest cameredl fise MEFdethp prostate cell
e Pug}er‘at b oniveres-a| tww?qdeex@rmlssezi a9 thRendtepotitic 6dl iﬁeFEmt WRE cifituPedTh
(6] (0] ¢} - neli | .
Ter 1R a3 e codfE; KA R CAF B npliOH} SEnBRERES (iR IR s eno
conj ugate; BiyseIusali barvasied usig ypEBe ThEAp! Surpentps svere only Rags when vk,
:\/! nnez'it/%g i s yiaih) asvessesdet toy Wmltﬂmz q&dhéiéh &xcedtet Be%b rearterting teractel dell
I ne - e Al : .
 nhi bi ti-on ﬁéﬁé%@?f?%% R SPiD O Ut hoH Bl 7, SRS, BRIy Mg
nonconpet i t FYBT 8p EGpeREang; 1120% Seronid ars dQd HNiSuRkeRIn SRPNOFIPRRL ANtbody
wi th CP2051¢@lubated e ph@ndrithinQPEL Rt arfital wonhen(#bh 2£0.5] iytul; AfleeaUs. inute
ey e A A A
CP_75s 671, Men i Shnoiing oo o8 e e drerroadied Phlomie tobsn
of bindi ng totditing brads enlg averst ruGRN7S 19v8 Btomathe FACSEElbud BPDRistdieates, Shat
Snce Lhe by 100 obinE arich e saBratcd SHEHIRIGRH oh & chloftsoifblb SP6E-
The. pr e28nonNter b Mot Zut e BSbeimeflel ibee s Bt eied ool pihe
The ant i genflayesytanefer yptiltIRE0H bends systresaunted degdch tibge UsiRw|the knowp mombertod
gance{ cel | béahm?r?»ﬁﬂ%uaae, thaecohdendisipn of eblls \_bésh&térm_‘%éd.a?ﬁr Ingl'\:VE%eclﬁiog
reas cancer I N S | -1 apel e
ot <1 Gr 1 ef Bl ﬂ?ﬁfegﬁﬁ%fé%%%%cz@%‘vﬁ%%dt‘ac?ﬁ%e%é%rﬂaﬁfb°.°g-. W
2007/ 141626PCT/ 1ipgiatcry ash Ergmeration) a5 CTEs s [figs!ea for dhedipglatipn @%/ cafis Eerp dloadrs
a; st Qle rr?(ﬁ;&&eﬁfepﬁteﬂi sndgnezed hrein@ athd -cELm__c:@ 8ystinh QnrfunicBiY! uakihdion "
the detect Yy AR, ik jonia Bk G Ereditie) RUTORRERAR oBEeblPoiiihe"
resol ved- f r eFhLERETHER RoF\Fah dThe{FLFPRAGRIANTRERER gystes ig [aa gpipyatad gample
Er i ght Ie r bst ;a;ﬁ&mig? sYsS&dnt foR tare Bellafetecintd. Ty .ie@emt die biskste ohMeFrofiisQakiad el
ual | Dr . . { e ; |

of Pl cniaed, o Wi RMdetbApTEhfin, Shlsy B8R0, RudestBRl e MBRES
101000 $%GF-Afbodheri(@riRediesyionivgatad todth andigllopbyersmgznia (PS)do dabe! eritjeliaicells

and leukocytes respectively), a nuclear dye, and buffers to wash, permeabilize and resuspend'




=

20CELLSPOTTER Anal yzer. The anal yzer was reconfigured such that
cytokeratin FITGC positive, nucleated DAPI-positive events were
present ed WO 2047d4162er as CTC candi dat es. | n PanelPCA/IBICOFHIEIS32 a
typi cal exanple of MCF-7 cells recovabed from 7.5 nL of blood is
shown. The top row shows a cluster of 3 MCF-7 cells that clearly
expressed the | G~ 1R receptor, the checkmark next to the conposite

i mage indicates that the operator classified the 25 cell as a CTC
and the checkmark next to the image showi ng the | GF- 1R st ai ni ng

i ndi cat e((ji I tHaadend. For M e&tadtan oﬁﬂaﬁ:ﬁrﬁhﬁ 'cﬁﬂ ﬁé?'hl.sofgggd RnikaSyith tFﬁrtoﬂuu:ls (‘ic])ated
expresse
T Thr ecenmtop@eiiSt felR e iR anfoen RaP UM RLSH pinpsion

Wi th MCF-7 &wiecde.gu egitmliyl seiizsurfpeepdntigend Aberdweprahagiatic 2nieiriest, imrescein -

tCI assi }‘ i ed a;%tlhmai&(&'l‘r C#—léﬁfl@di Slﬂlﬂodtéa:reéd_g’nlzrh cﬁ@@ﬂhn&@c 68, GHJ 93,38 and
ypi cal gxa V.

shown. Egpr ggsg%(% a(l): leﬁ?éﬂﬁb%bi@ réx%;ﬁr?zuf%?euk yf% pey g?nl g%g%n?’%f EE!F‘F fn@:loﬁlﬁ%r

as conpar ed™89Vag GEARI Rnd g ALYiRIC agid KipE476-derhidigo-gmblerylinsiolsp@ARt) owere -

only cl assi kdded tirhecdnﬂhhdithm With - @elpbmneabiiZatidas Bufat tSXﬂﬁcﬁés%adlyt hbel the

| GF- 1R rece [ | uaI

54 el 1o, MflinpmbhelaROode ! X libatin bl KR Be fREISEE sébardlon
classified ¥ eresied Mexessp plalaing deaoents wete aspiralsido dithe finghpescsssing stepipe
i ndi vi di@l scelipierdenispend@DB-19. IRENEST GeIB%e%l(a‘S%DQOiceC{fmrﬁﬁ}ﬁboﬁ SaPRYdes -

MCF-7 cel | syyriepa) agsd f r
2007/ 141626%&(@ 13% 0??%0&%?1%93%%5Q#§ %targe’%gr%ﬁgﬂod gt?négzntgae\/\?ner_‘.t tHe

| GF- 1R ant i JEHNABALRIGH Y pbetepEelisfpr anglyss o fuprerceRtnisrosempec - :
car ci nomas t hat. The MAGNEST fwas placed on e GELISPOFTERAMaES, 836 )tolor semi-

| GP- 1D eXprQﬁ&ﬁé?éH RBreSBmicidsEBRk AR 'Frgmgsaéogérmglﬁﬁsen ife uirfaca omhe %—tr

bl ood . f eal t I.ndi Vi were virt f ab ? '&%23
in 135 ﬁd flf °? #? 3‘%/”* ﬂﬁ%est‘%'g?'ﬁer%%? C@FU%tTﬂeGﬁvfﬂ'Rd 'rﬂ%éao'ﬁwma
be det ect edohmtS(Jh@Is mieh prsdeteranines eerih ware astoataticallc aresemaiics a adbamebled
sanpl es fr ogrowddr o vithSinAedeRclidSdi@dis Jwéb rﬁao@ Eg—tthOBQ'!aBPdT@ Eite %lea

detected in f. 5 29 atients 18 ha

br east cance}eJCt e (%féeé'(%s@l' %Z&\}vec Ugeddré'f’"g%[] e?i'a TP ??yt:?) VigPleugpus Bk,
and in 3106ReFHE, RS iR foreytoksratia @ng fagk plaaxpressionca ICDAA desi deteBB e R s
wer e dedoectredativé ZOXEAPCURGNIRHN FRsuIR N chiNertfiftefaliod waRY Swdy2 Slpressehied tﬁ’é‘d

i n none of 40f A gljyt vari an cancer CTes were detected.
Exanpl es of & S 58mgﬁfﬂtemos(aown in FIG 3. Eight CTC candidates

are shown in t hésechﬂﬁ‘? %f IGE18mntibqdiesjandyletectign @f SRR en times self Jings: ke
CTCs and. ordnji-@¥FCR antibodiesv 7 @ElcojugstscBE BRSSErces GanJode] CA) ahd18d255.111

d | d
expressed (fED tgrﬁ%’%nte&%‘hs S)%H ﬂllatedgé 6:%'3‘3 f%zer h db@gﬁtﬁfﬁgﬁegﬁeﬁ?irﬁb}ﬁ

cl assi f4°cat’i § grqse;-_blﬂszng)oegp?r IMratscderaonsiraigd @oqighibition syggestive thenibese
of CTCs detastitodigs ibindt thediffeterp and evheompetitive GpEspes tdfi éhed IBH-ER.. Ofos<bo8king .

'lf (h-;t 1eRXpr e%ﬁﬁéﬂlﬂeﬁfﬂﬁﬂ%@‘ B?hﬁt{rﬁéerﬁaﬁ@rléﬁ 9R a\%fét; g;'f_?ﬁz&hﬁé d&é%% SPatent No.
expr essed I7@§9f?§) %%e]a tﬁ%%F'th%ﬁﬁz"@s %T&ast%ﬁ‘Ple@é’p*?'%%HmIb@mR cells by .
however, vassentillyreadndlsr. afainiseof ICP-751@FYCs Th&RHYR{nody, in contrast, showed no .
30 inhibition of binding in the presence of CP-751,871. These data demonstrate that 33255.111 -

and CP-751,871 bind to either the same or related epitopes. Since the binding of the 1H7.

antibody to IGF-1R is not blocked in the presence of CP-751,871, 1H7 was selected for

further evaluation.

The antigen density on the hematopoeitic cell line CEM, the prostate cancer cell line
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FIG. 1 shows an overlay of histograms of the IGF-1R-PE staining of the cell lines. Staining of
CEM cells was similar to that of the controls and IGF-1R density was thue below the detection
limit. IGF-1R-PE staining of the PC3-8 cells could be resolved from the backgrouhd and 724
and MCF-7 cells clearly had a brighter staining. Estimation of the antigen density was
obtained by qualibration. of the flow cytometer with beads with a known number of PE
molecules. IGF-1R density on the PC3-9 cells was approximately 10,000 lGI;'-'iR antigens .-
on ‘T-24 cells approximately 50,000 IGF-1R antlgens and on MCF-7 cells approx1mately
1,000,000 IGF-1R antigens. o
IGF-1R Assay Characterization: The standard CTC assay using the CELLTRACKS. -
sysfem uses PE for detection of cytokeratin present on cells of epithelial origin, APC for
detection of CD45 present on cells of hematopoeitic arigin, and FiTC for detection of anelyte
epeciﬁc reagents on.CTCs defined as cytokeratin-positive, ';CD45-riegative ‘nucleated cells. k
The current limitation of detection of the CELLSPOTTER Analyzers for detection of antigens
with FlTC—IabeIed antibodies is approximately 100,000 antigens per cell. To increase this
sensitivity, the CTC assay was reconfi gured to lower the detection limit for iGF—‘IR detection.
Cytokeratln expressed .at high densities on epithelial cells was labeled with FITC which

.. permitted the use of the PE-labeled anti-IGF-1R antibodies. In separate experiments 130 to

200 PC3-9, T-24 -or MCF-7 cells were spiked into 7.5 mL of blood and prepared with the
newly confi gured staining reagents. After preparation the samples were scanned on the
CELLSPOTTER Analyzer. The analyzer was reconfigured such that cytokeratln FITC-
positive, nucleated DAPI-positive events were presented to the user as CTC candidates.

in Panel A of FIG. 2 a typical example of MCF-7 cells. recovered from 7.5 mL of blood
is shown. The top row shows a cluster of 3 MCF-7 cells that clearly expressed the IGF-1R'
receptor, the checkmark next to the composite i image indicates that the operator classn‘"ed the
cell as a CTC and the checkmark next fo the image showing the IGF-1R stalnlng indicated"
that the operator classified this CTC as one that expressed IGF-1R. All cells shown in Panel A
clearly expressed the IGF-1R receptor. In blood from sixteen healthy individuals spiked with
MCF-7 cells 80.6 % (SD7.7) of the recovered MCF-7 cells were classified as CTCs that
expressed IGF-1R. In Panel B of FIG. 2 a typical example of T-24 cells recovered from 7.5
mL of blood is shown. Expression of IGF-1R of the four T-24 cells was clearly dimmer as
compared to the IGF-1R 'staining of MCF-7 cells and the operator only classified the bottom
two cells as CTCs that expressed the IGF-1R receptor. in blood from six healthy individuals
spiked with T-24 cells, 13.6% (SD3.9) of the recovered MCF-7 cells were classified as CTCs
that expressed IGF-1R. In blood from six healthy individuals spiked with PC3-9 cells, 3.8%
(SDB.0) of the recovered MCF-7 cells were classified as CTCs that expressed IGF-1R.
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These data provided' guidance for the IGF-1R antigen density on CTCs of patients with
metastatic carcinomas that is needed for it o be detected by this assay.

' IGF-1R expression on CTCs in mefastatic carcinomas: In 7.5 mL of blood from
139 healthy individuals CTCs were virtually absent (0 CTCs in 135 and 41 CTC in 4), To test
whether or not IGF-1R indeed could be detected on CTCs in patients with metastatic
carcinomas, blood samples from 50 patients were tested. In 7.5 mL of blood CTCs were
detected in 11 of 50 (22%) patienté. Among these 50 patients 18 had breast cancer and in
28% CTCs were detected, 13 had colorectal cancer and in 31% CTCs were detected; 3 had
prostate cancer and in 33% CTCs were detected, 12 had lung cancer and in 8% CTCs were
detected and in none of the 4 patients with ovarian cancer CTCs were-detected. Examples of
CTCs detected are shown in FIG. 3. Eight CTC candidates are shown in the f" igure..Events 1,
4 5, 7 and 8 were classified as CTCs and only CTCs in row 1 and 4 were ﬂlassﬁied as CTCs

-that expressed IGF-1R. Note that potential IGF-1R staining can be observedin CTCs in row 5
and 7 but this was not considered sufficient for classification as IGF-1R positive CTCs. Table
1 shows the number of CTCs defected in the 11 patients with CTCs, the number-of CTCs that
expressed IGF-1R, and the proportion of CTCs that express IGF-1R. In 8 of-the 11 {(81%)

. patients CTCs were detected that expressed IGF-1R. The proportion of CTCs that expressed

AGF-R, however, varied great!y

Table 1
CTCs IGFAR(*) | % IGF-1R(*)
CTCs . CTCs
" Breast 180 47 - 26
' %5 T 7
5 1 ] . 20
4 1 25
Colorectal 6 1 17
5 0 | 0 .
4 0 0
2 0 0
1 1 100
Prostate 16 1 - 6"
Lung 2 1 50
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| GF- 1R-Posi f"lmvg"'sc'?%?”d‘é"d’ TS & “HYPEFeSBARE P Jiepiient AT GAditieRe i Hiss Batisrh.- -
al so r ebourrpexiyateky 8%h ot ithee CTBet Werpaviigindly  IREr&-fosithet ddfow taht-IGFMR
doses of - aninkida@ochxantéraeind RufboR Rl S TBIKlive! CRRE iYL IcasaP W C
patients enrolled.in at .. opne detect abl e

"o TR posiiepsneris e itlegtelERte! iy e FETR s8lkoeL s b 8615 dauran
PSA 476 ng/regujatiom dheseistiesuppert peAntia0ERS 1of 182 6PCEN BIUOBFORL 488ys1H the
vere | @6 g:ﬁ&ﬁi@m@%abﬂﬂlﬁb élﬁE&anH&ﬂil@&aP@ﬁn&&eﬂ@cfﬂi{} of mi—@?flﬁséﬁt hgtmies.
was possi : 1o, mssing sanpl es.. Des e .
appar ent ﬁﬂ%ﬁﬂ sl iyt delleded i the iR o TER SR F Arlrasitns,
at enrol | Csr RappldnardtD Bopigiesio patienisrin which the umigeraf CiEe pat IGFaIR-fo8itioaut
of 10) and,cToéeieatdsed afdrlaiMmistratioh Beesa MBEdBtiaRB réfoust Bhax&kh 88 Both

o g o " Erfle Aoty RARRE AR Lidbod o ST SRRG, ipetifeld)
' 35 HRPC patients enrolled in Study 2 who had at least one detectable IGF-1 R—positive'

CTC at enroliment had higher PSA levels (n=10, median PSA 475 ng/mL) than those who
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Table 2 HRPC Patients Responding to Treatnent Baseline PSA (ng/nm)

Basel i ne.

PSA Respon¥f 243416388 2 1 3m 1008. 471 4
15

10

15

20

CICs Baseline IGF-1R (+) CTCs Treatnent Cycle of. Initial
PCT/IB2007/001483

were IGF-1R-CTC negative (n=8, median PSA 92 ng/mL). No assessment was possible in
t;.wo patients due to missing samples. Despite the apparent higher tumor burden, patients that
were IGF-1R-CTC positive at enroliment responded by PSA criteria in a higher proportion (6
out of 10) and, overall, eariier to the combination of docetaxel and anti-tGF-1R antibody than
those who were IGF-1R-CTC negative (2 out of 8), as shown in Table 2:

. , Table2 .
HRPC Patients Baseline Baseline ] Baseline Treatment
Responding o PSA CTCs IGF-1R{+) Cycle of .

Treatment (ng/mL) CTCs Initial PSA -
) Response
1006 238 2 1 - 3"
1008 471 4 1 120

" 1014 9944 12 5 2

1019 617 44 19 37
1022 - 1639 6 - 2 ER
1025 807 160 37 ™
1003 13 0 0 8"
1011 131 i} 0 12"

Of the eight HRPC patients who had no detectable CTCs at study -entry, six did not respond

~ to treatment, and three of them actually experienced an increase in CTC and IGF-1R-positive

CTC counts at the time of disease progression. Finally, the one HRPC patient treated with
docetaxel and anti-IGF-1R antibodies with detectable CTCs, but no detectable 1GF-1R-
postive CTCs, did not respond to the combination treatment. The decrease in his CTC count
was also short-lived (1 cycle). ‘ '

In Table 3, a summary of Patient Best Responses for HﬁPC patients in Study 2 Is
shown. Two of eight (25%) patients with no detectable IGF-1 R-pcésitive CTCs in 7.5 mL
before initiation of therapy showed a partial response to therapy whereas six of eleven.
pétients (55%) with > 1 IGF-1R-positive CTCs in 7.5 mL showed a partial response. These
daté strongly support the notion that the CTC-IGF-1R assay could be employed to identify
patients that could benefit with anti-IGF-1R éntibody therapy, as well as to identify the optimal
dose and determine the duration of treatment.
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Table 3 3
IGF—1 R—Posnwe Clrcu]atmg Tumor-Celis and Patient Best Response in Study 2
Patient IGF-1R(+) CTCs at baseline (n) Best Response
. 1004 . 2 PD
- 1005 2 . SD
1006 1 PR -
1008 1 PR
1012 31 PD
1013 - 4 PD
1014 5 PR
1019 18 PR
1021 4 PD
1022 2 PR
.1025 37 ) PR
total =6 PR/ 1pat|ents .
Patient. IGF-1R(+)CTCs atbaseline{n) -  Best Response
- 1002 0 SD -
1003 -0 PR
1010 0 PD
1011 - 0 PR
1015 0 sh -
1016 0 PD
1018 0 8D
1020 0 sD

total=2 PR/8 patients

PD = progresswe disease 8D = stable disease; PR = partlal response

Example 4 . .
IGF—'! R Expressmn on CTCs in Study of Anti-IGF-1R Ant:bodv in Combination with

" Paclitaxel and Carboplatin

‘Study 3 was a phase 1b study of a fully human anti-IGF-1R antibody as described in
U.S. Patent No. 7,037,498 in combination with paclitaxel (T. AXOL) and carboplatin
{PARAPLATIN) in patients with advanced solid tumors. The doses of paclitaxe!, carboplatin .
and anti-lGF-1R antibody were 200 mg/m?, AUC of 6, and 0.05-10 mgkg, _respectively.
Forty-one patients provided blood samples for the enumeration of CTCs. Blood samples
were collected at each Cycle on Day 1 pre-dose and on Day 8.

Twenty-one of the forty-one patients (51%) had one or more CTCs at some point
during the study, whereas ten of the forty-one patients {24%) had one or more CTCs before
the first dose was administered. Sixteen of the forty-one patients {39%) had one or more IGF-
1R-bositive CTCs at some point during the study, whereas eight of the forty-one patients
(20%) had one or more IGF-R-positive CTCs before the first dose was administered. One
HRPC patient enrolled in the study had a large number of CTCs at study entry (71 CTCs and



16~ 1003 13 0 6 1-2c 1011 131 0 O O the eight HRPC patients who
had no detectable CTCs at study .entry, six did Sot respond to_ e
treatment, _and thrée of them act uaIIy experienced an increase

and | GF- 1|:}V83§q7%14{fé6 10 CTC counts at the time of di seas& ﬂPB@?’g‘gﬁ:’on.
Finally, the one HRPC patient treated™ith docetaxel and anti-IGF-1R
anti bodies wth detectable -CT-Cs, but no detectable | G- 1Rpostive
CTCs, did not respond to the conbi nation treatnent. The decrease in
his CTC count was al so short-lived (1 cycle). In Table 3, a summary
of Patient Best Responses for HRPC patients in Study-2 is 15 shown.
Two of ei ght 1§ BFYR-pative 0T Gs)whet Heanezselbineedpaiiedo kréimbR-(PDETCS ¥ 2 (CGFCR-

in 7.5 L bgft&S K tieBintehabd of therapy shovved a parti-al response to
t her apy wher eas t§,|xeo V%n atien th? 1 |G- 1R-poSitive

P
CT-Cs in 7.5 nL dRa &Tﬁar%“FdPF 139066‘H‘?60T bee elateg gl {p tme and
support the segéreiopetteiatof tasporSE® iréinedt aesngbsemed. d e exampley e@ depicted in

![ ﬂent ify 5pat F1eng. @aﬁaﬁgeﬁgééhg dQﬁ@r%HaIpa%rﬁ: ﬁ\aﬂgihéd %gt’uéﬁvﬂﬂ%t 1y rgnwx Hlém?%' of
G 57 STk Mt o st e ey o33k f v ar
1R antibody followed by 2 additional cycles of 3 ma/kg of antl- IGF-1R antibody, the patient no
'longer responded to therapy. This lack of clinical response ‘was associated with a dramatic
lncrease |n the number of CTCs and IGF-1R-positive CTCs. Progression of disease in this- .
- 10 '.patlent was confirmed by CT scan. In Panel B data are presented from a patient with a similar
pattern of rising CTCs and IGF-1R-positive CTCs during the course of the study. In Panels C
"~ and [ two patients are illustrated with CTCs before the initiation of therapy, The patients A
_received 1.5 and'6 mg/kg of- ant-IGF-1R antibody, respectively. The number of IGF-1R- -
. . posﬁwe cells appear to decrease (Panel C) or remain low (Panel D} while the patient was on
15 antHGF-1R treatment. These data further support a potential role of CTCs and CTCs-IGF-1R
' assays in the monltormg of the effect and the development of resistance to anti-IGF-1R
‘ ant:body treatments.
~ Although certain presently preferred embodlments of the invention have been
descnbed hereln, it will be readily apparent to those skilled in the art to which the invention
- 20 pertalns ‘that variations and modifications of the described embodiments may be made
without departing from the spirit and scope of the invention. Accordingly, it is intended that
the invention be limited only to the extent requnred by the appended claims and the appl:cable _

rules of law,



Table 3 1G-1R Positive Circulating TunorCells and Pdatient Best
Response in Study 2 Exampl e 4 1 GF- 1R Expression on CICs in Study
of Anti-IGF 1R Antibody in Conbination with Paclitaxel and
Carboplatin Study 3 was a phase |Ib study of a fully human

anti-1 G- 1R anti body as described in 10 U S. Patent No. 7,037,498 in
conmbi nation wth paclitaxel (TAXOL) and carboplatin (PARAPLATIN) in
patients with advanced solid tunors. The doses of paclitaxel,
carboplatin and anti-I G- 1R anti body Were 200 ng/ n2, AUG of 6, and
0. 05-10 ny/ kg, respectively. Forty-%ti ents provi ded bl ood

sanpl es for the enuneration of CTes: d sanples were collected at
each Cycle on Day 1 pre-dose and on Day 8. 15Twenty-one of the

forty-one itesnwﬁm%éil% had one or nore CTCs at sone point during
t he study, THEE™ER of the forty-one patients -(24% had one or

nmore CTCs bif or & ihdtieod for predicngeitivasy oA HBH-HR sntagopidt th&Shnys emprighg thise
forty-one pati egtte%o(fSQ% had one or nore | GF1R-Positive CTCs at sone
poi nt during the Study, whereas eight of the forty-one patients (20%
had one or norea) GF-Repoiss & samplOTi@seibe biologica! Krecinep dlomporpgictfdsgmixed

adm ni stered. One ZO\L\JL—IJIBH%HB%IZ Lhks Sl P dinh RmbP &8 keith shiddndui | ar ge
nunber of CTes at stué entry (71 Cs and WO

2007/ 141626PCT/ 152008?90?;'919&8’3“1167 sapiplg @MPYRIBosi ti ve CTCs) t hat
decreased in regpONSutaridd RelaMBRtwifhdilcfel S r@ient 2ot GecikiBhIGBass by
treatnment Day 21). . Level's of CICs and | GF-1R-positive. CTes
Were plotted In rel o8RG el e and several patterns of response. to
t (eat ment were @pserypehctifpié sapRFHhRS agdnChaARRibidRg atfthith fdrlifsuli6.

Panel A represents data fr a patien [ oined . the study with a
very | ow nunber of .m”}&g?fé’?m CERIUF é9%23‘59+°éegf’r?§%t with

pacl i t axel / car b@pl at iralyaing tie.st¥bplaw degrmifie tha presenté ofl(GRdrieedudxpisesthg

foll onwed by 2 addi titg}ag‘cycl es of 3 ng/kg O anti-1G-1R anti body,
the patient no | onger responded to therapy. This lack of clinical
response was assheiehiteligant ks sa astitadpthatdinds speeifisalyitmarn ¢péthelightsdr of
CTCs and | G- 1R-posi ti Vv r ol j i hey 10
pati ent was conf’ ?f%ersﬁg “i?;ecg%E:hgrﬁl)t.{n?(?ﬁgégﬁ%n%&edgdggﬁgs??%pe%ﬂe?ed from
a patient with anstiody Hat repenizes qytaitratiisswirgeiONCegeaid a PBrabeRd godiofy. ve
CTCs during the; - ; ients
are illustrated d\ﬁm@g’h&%ﬁ%{s‘a Iﬁ% %crggﬂ? 13 L:'egf f"i@%?%"o%n@? ﬁﬁﬁ?‘ret;g%?@%e
patients recei veudiciise effficagy o Ckg Rentagenist the@my. 1R ant i body,
respectively. The nunber of 1G-1 R positive cells appear to
decrease (Panel C) or remain | ow (Panel D) while the patient s_.on
15 anti-| GF21R tThearetedef claimels &rther camprising the St g5 defpimiaing e aimpesef 1 ol e
of C-Cs and CTGsndGEnsldRpRF@SrlR.t he nonitoring of the effect and
t e devel opnent of resistance to anti-1G-- 1R antibody treatnents.

Al though certain presently preferred enbodi nents of the invention

h«'g}/lel bgeh d?.ﬁ cr iﬂe%ehﬁsﬁmam tﬁfwt«@hbd com@;iﬁ@@g% bty a‘mmﬁ@mtﬂ;]et anphagel
skilled in the art to ich the inventio rtai t hat riations
and nodi fi cati orfgesfic PRL° %JE’?’C‘?XFIB%W ﬁﬁ@&gﬁr?@ﬂ't“gﬁ??iﬁ? °§‘§ 4 ! ?\//ﬁ%i' out
departing from tfhg &Riyeist and scope of the invention. Accordingly, it
is intended that the invention be limted only to the extent required

by the appended clains and the applicable rules of |aw
4, The method of any one of claims 1-3, wherein the [abeled tumor cells are

analyzed by at least one process selected from the group consisting of
multiparameter flow cytometry, immunofluorescent microscopy, laser scanning

cytometry, bright field base image analysis, capillary volumetry, speciral imaging



18 CLAIMS What is clainmed is: 1. A nethod for predicting €fficacy of

| G- 1R ant agoni st therapy, conprising the steps of: a) preparing a
sanmpl'e wherein a biological specimen froma patient is mxed with a
| igand that reacts specifically with tunor cells, to the substanti al
excl usion of other sanple conponents; b) contacting the sanple with
at | east one reagent that specifically binds epithelial cells; c)
contacting the sanple with an agent having binding affinity for
insulin-like growth factor receptors ({PGF-IR) on cells; and d)

anal yzing the s r SEERC iTjpels I
expressing | GF- %@Lsgﬁﬁ@%%ﬂﬁ&?ﬁgl lpﬁ%jg%gl'iﬁs an aaﬁ?llg{)dta tﬁ%ntqa@églcﬁltljs
specifically toaaslyspithelial cell adhesion nolecule on the tunor
cell, wherein the reagent is a FITC |abeled antibody that recognizes
cytoker atins, wherein the agent is a PE-|abel ed antibody, and wherein
the presencd of Thamsthog ef any cagpiciains g, Whersinte sampleie s Ry ngmagnetic

predictive of efs&ha@e&nﬁismg%m%w GG ikl B8 Rgnedc PiGciERt hod of
claim11, further %lsm etermnlgﬁ%t e nunber of

tunor cells expraaf the@aawqaandafurﬁwéwrﬁ@athaﬁteep Ricqtingdhfy ¢ her

conpri sing the SheRnsHhagastdsAdplk @ 4 REneRMIIE sieh @Rt the fPaGiokagnetlye to
al | ow excl usion of residual nan-nucl eat d cells and cell debris from

anal ysi s. 4. The SAEPIRBEFOBIES AIRAUIEHFE tBRor CFLLIURRENSIONS  wherein the | abel ed
tunmor cells are anal yzed by at | east one process selected fromthe

group consi sting, of r.flow c fl uorescent
mi 6r oscopy, gl aseqheé‘@g}r-l‘?ﬂloh 8”5?@‘?\”)}}131}3"‘}8}1 Fftpa [Flg%léfcﬁ?ﬂg;&?nnge

anal ysi's, capillary volumetry, spectral imaging 19 analysis, nanual
cell analysis, LLSPOTI'TER n A0l ¥ishs- 5.
The net hod g‘f arfy "6h\ ﬁg Ofmopgorhg)éﬁcgdy ¢ g%%?%w{@ﬁégggﬁg%rép I's éhl’/ll g

i nmunomagneti c s:hem@soﬁorrpn sing the biological specinmen mxed with

magnetic parti cl ﬁ %Bluﬁa‘i et SAMIL LWHA0H o ﬁ%PQoFok‘iEé[@ﬁquﬁéﬂmH §;5aﬂ61ut he

step of subjecti i frunonagnet i ¢ sa magnetic field
such that the |rrrrunonmglnedw¢h sbmﬁéiabfe%c@rﬁe@if&ﬂ“kﬁﬁh wrescisiothecel |

suspensi on. substantial exclusion of other sample components;

b) contacting the first sample with at least one reagent that specifically binds

epithelial cells;

c} contacting the first sample with an agent having binding affinity for

insulin-like growth factor receptors (IGF-1R) on cells;

d) analyzing the first sample to determine the presence and number of tumor

cells expressing IGF-1R;

"""" e) preparing a second sample from a second biological specimen from the
patient, after administration of an IGF-1R antagonist therapy, wherein the
second biological specimen is mixed with the ligand that reacts
specifically with tumor cells, and performing steps b) - d) on the second
sample; and '

) comparing the number of tumor cells expressing IGF-1R in the first
sample to the number of tumor cells expressing [GF-1R in the second

sample,



6. The nmethod of claim5, wherein the magnetic particles ar€
colloidal. 7. A nmethod for nonitoring efficacy of an I GF- 1R

ant agoni st therapy, conprising the steps of: a) preparing a first
sanpl e wherein a first biological specinen froma patient is m xed
with a ligand that reacts specifically with tunor cells, to the
substanti al exclusion of other sanple conponents; b) contacting the
first sanple with at |east one reagent that specifically binds
epithelial cells; c) contacti ng the fe#st sanple with an agent having
bi ndi ng affi ni %{h% b8} bt BBl bAGL ABIEREBPIALS LIl on
cells; d) analy 4 et presence and
nunber of tum)r IGE-ilen@g@wéslmamgwl@émIRhgsl)d @ﬁl@ﬁmbbfhghﬁb@é%ond sanpl e
froma second biglaghisah. ggﬁ&elr@eeﬁard%aoh%leeaebﬁ‘g}gmmtcar wherein the

adm nistration o ant agoni st thera erein the second

bi ol ogi cal specir¢rgPRLissA EFﬂ"Qé@be{ﬁﬂ@wbpéﬁeth@tur@faﬁuwp Ryekerasing pad whraep tecal | y
with tunmor cell §,.2R0 BIRLEQEI TGt €ps b) - d) on the second sanpl e;
and conparing the nunber of tumor”cells expressing IG--1Rin the
first sanple to the nunber of tunor cells expressing IG--1R in the

second sanpge, TR mdhbl ofcldiWe ivhébin BRNabkidd Tt r 6816 %Qnaﬂﬁd@'@ beath&kng
i ndicative of effectiveness grf the 1 G- 1R antﬁwﬁnl st t

ap wherein
the ligand is af"aPreFIsHERecER omihe persgeisips g t)}pafft’ﬁ“eéei’i%@ i %ﬂ@?tfyal
cell ?dgeisi gn rrmlnmiadfmoﬁwcehmaompy, maJSEannw@eytelmarg, bﬁglﬁﬁalgeﬁnb ll‘h@eﬁ
FI TC- | abel ed anti Qo t hat recogni zes cytokerat i ein the
agent is a PE-| éﬂg}’sé%“?ﬂ%%‘@&f’?g ’.Spﬁréﬁ\#églﬂ%ﬁna P‘Strpaé’iuﬂlc'?] %héllsel n the
l‘abel ed tunor celHISSROTTERahywiglandyutainat-eaditandpsds. pr ocess sel ect ed
fromthe group consisting of nmultiparanmeter flow cytonetry,

i mmunof | uorescent m croscopy, |aser scanning cytonetry, bright field
base i mage @anal YR sethodpf ¢lhisnd wherbin thetsanyple Spe dhmadomageegic n@nlﬂmal ysi s,

manual cell anal : A A | ¥Si S q :

anal ysis. 9. Th ecXﬁEﬁ%%ggﬁé‘b§P gg Eag%ﬁr%ﬁ ol §éd§wlthar@%n&f6#g{“i‘fe§%ugﬁh 0 the

i munomagnet i ¢ digapt, andcforimr p@nmglngﬁw stsp of egiectile thejmeiunemzerticaame t h
magnetic parti C|t§§m%%ﬁéﬂl:%gldtsgcﬁtnﬁtljle'lgl%gema[%ﬂgw s%ﬁlgﬁécoﬁgmrénﬁé}ﬁg the
step of subjecting't I mmunomagnetic sa a magnetic field,
such that the |ﬁ¥m¢rc§‘-ﬁﬁglﬁé@‘ls@nsarrpl e becorres an enriched tunor ceII
suspensi on. 10. The nethod of claim9, wherein the magnetic particles
are colloidal. 11. The nethod of any one ef the preced, n cl ai ns,
wher ei n t he10-GF-TrRmsHOA ghFiriat o, Mherein e magnesicipaislesgre solfoida] r- 1R

ant i body.

[1.  The method of any one of the preceding claims, wherein the IGF-1R antagonist

therapy comprises an anti-IGF-1R antibody.



