WD 2011/ 031493PCT/ US2010/ 046689 1 GALECTI N-3 AND CARDI AC RESYNCHRONI ZATI ON
THERAPY REFERENCE TO RELATED APPLI CATI ON [ 0001] This application clainms the
benefit oWoOWoB/03RMAeVI si onal Application No. 61/236, 712, pCiriusdoibogiess 25,
2009, the conplete contents of which &are incorporated by reference herein.
BACKCGROUND 5[ 0002] Congestive heart failure, or heart failure, is a major
cause of norbidity and nortality. Approximately 5 mllion people in the
United States suffer fromheart failure, with approxi mately 500, 000 new
cases di agnosed annu ﬂﬁg I n nanﬁ cases estive heart failure patients
A |
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[ 0003] One treatnent option for such patients involves inplantation of a
cardi ac 10resynchroni zati on therapy (CRT) device, also known as a

bi ventricul ar pacing device. In a normal heartbeat, the two atrial chanbers
of the heart contract in unison, purrpi ng bI ood into the two ventricul ar
chanbers. Less than a second Iate ventricul ar chanbers contract

i n unison, punping the @I%@@F&QE%} Bﬁ%AFFgQr{XPBHEQWQhOUt t he body. Sone

heart failure pati ents have an electrical delay between the ventricles,

such thﬁfﬂOiPe tWOTHi%r&bﬁlﬁ&aﬁbﬁ%laﬁﬂ@ﬂ?&%ﬁefi‘t@i’@ Sqﬁ}g%sm@@lnz&ﬁ;ﬁﬁ:tau@ﬁ Nbhe sane
time. The result is a substantial reduction in cardiac output. For exanple,

i n a nophaBo.Aearitlabatguso2e 2008nthhadiplefe eoneentd dordhichatehecdrgdrateddptricle i s
punped ou t with each heart beat. In other words, the "left ventricular

ej ecti off ?rF]%\cet}IeHﬂ or "LVEF" is greater than 50% In contrast, some heart
failure patients whose heartbeats are uncoordi nated have an LVEF | ess than
one-third. In these patients, two-thirds of the blood remains 20 "unpunped"
wi th each heartbeat. [0004] The goBAGKGRBUNIberapy is to restore

coordi nated punping of the ventricles. This is acconplished by a device

wi ths semnal e el ecbhgcsdle h@@dRilsrle] diteaftifRiturt, h@a&t\[)ﬁor\@ﬁiédf%&ﬁlcﬁ@ am@nt ract
simul taneously with every heartbeat. CRT devices have i nproved qual ity of
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patients also suffer an arrhythmia further reducing the heart’s efficiency.

[0003] One treatment option for such patients involves implantation of a cardiac

10 resynchronization therapy (CRT) device, also known as a biventricular pacing device. Ina
normal heartbeat, the two atrial chambers of the heart contract in unison, pumping blood into
the two ventricular chambers. Less than a second later, the two ventricular chambers contract
in unison, pumping the blood out of the heart and throughout the body. Some heart failure
patients have an electrical delay between the ventricles, such that the two ventricular chambers

15  no longer contract at the same time. The result is a substantial reduction in cardiac output. For
example, in a normal heartbeat more than half of the blood in the left ventricle is pumped out
with each heart beat. In other words, the “left ventricular ejection fraction” or “LVEF” is
greater than 50%. In contrast, some heart failure patients whose heartbeats are uncoordinated
have an LVEF less than one-third. In these patients, two-thirds of the blood remains

20  “unpumped” with each heartbeat.

[0004] The goal of CRT therapy is to restore coordinated pumping of the ventricles.
This is accomplished by a device with separate electrical leads stimulating the two ventricles to
contract simultaneously with every heartbeat. CRT devices have improved quality of life and
have decreased mortality in some patients with moderate or severe heart failure; an LVEF less

25  than or equal to 35%; and an echocardiogram indicating a slow depolarization of the ventricles



WO 2011/ 031493PCT/ US2010/ 046689 2 (a "QRS' conplex greater than 120 ns).
Still, about 30% of heart failure patients who receive CRT fail to respond
to treat reot20(1z8e493f or exanpl e, Jeevanantham et al. (200@)x/USasidioadess J.
16(3) 197-209). As one author warned ia 2007, "better criteria for
identification of the optinmal CRT candi date are urgently warranted"
(Stellbrink (2007) Eur. Heart J. 28:1541-1542). 5 Further, even anong heart
failure patients who receive CRT intervention, the rate of adverse events
such as unpl anned hospitalizations for heart failure and death is high
(see, for exanple, Celand et al. (2005) "The effect of cardi ac

resynch aor%mté 100 RRleP b tIP0 ang. BBN tablLE 30% Bf Rea failhi Jatefts whb.reden@! . J.
Med. 35 %& :1539-49. SUMVARY OF THE | NVENTI ON 10[ 0005] 1t has now been
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pat i ent CRToahédhienraulgtaddwannaedit (Sedlibeink 2007 EuiTdlviattdr 28t 184 1t-€5429. CRT
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gal ectip-3 nceggrati o|r_1 io nges_j.n gal ectin-3 concentration observed in
ot her pg‘?ﬁr%ﬁﬁ‘éref : T ggﬁlg)e chroni zati on therapy was or was not

beneficial. 20 [0006] Monitoring nmethods can include conparing a gal ectin-3
concentration in a patient to an earlier galectin-3 concentration in the

sane patient before or aftesuMMARY OFITHE HiVvENGRKDNdDevi ce. The net hods can
al so include conparing galectin-3 | evels neasured at several tines
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concentrations. For exanple, the invention provides nethods for assessing a
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i ndicative of a worsening congestive heart failure in the patrent. WO
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gal ect i pal&ctina3 aoreenkyatfdnuh d,bogty Guid (2l g0ddood; adrube odglbani ofacheh@faituie pfifes ence
or absence of a galectin-3 concentration indicative of praognosis foll ow ng
car di acaqcb@%mg rglilezlggqs(gppdtqlgépgp@;_galectln—?) concentration to changes in galectin-3

concentration observed in other patients for whom cardiac resynchronization therapy was or

was not beneficial.

20  [0006] Monitoring methods can include comparing a galectin-3 concentration in a
patient to an earlier galectin-3 concentration in the same patient before or after implantation of
a CRT device. The methods can also include comparing galectin-3 levels measured at several
times following implantation of the CRT device to develop a history of galectin-3
concentrations. For example, the invention provides methods for assessing a patient by

25  detecting the presence or absence of an increasing or decreasing galectin-3 concentration in a
body fluid (e.g., blood, serum, or plasma) of a heart failure patient in whom a CRT device has
been implanted. The presence of an increasing galectin-3 concentration over time is indicative

of a worsening congestive heart failure in the patient.



5 For exanple, a galectin-3 blood concentration in a human can be neasured
and conpared to a m ninmumthreshold. A galectin-3 blood concentration above
t he m ni muo20twoss4yel d may be i ndicative of an increasedprirais2ab/ osdesas h or
hospitalization of the human. [0008] The results of the assessnment can be
used to informdecisions involving treatment of the patient. For exanple,
if the heart failure patient appears to be therapeutically 10unresponsive
to cardi ac resynchroni zation therapy, based on the patient's gal ectin-3
concentration or a change in the patient's gal ectin-3 concentration, other
forms of treatment may be preferred, such as angi oplasty or other surgery
and/ or pgbOTNI St rald @it dhbodliten! @k itvendn pRVIdEO R thods R&pRedEREAE proknosis
natriuretic peptide, a statin, or a vasodilator. [0009]1t has also been
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those who may benefit from cardiac resynchronization therapy, based on
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likely to respond favorably to cardi ac resynchroni zati on therapy. Favorable
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a period of tinme, or a reduced progression or WO
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failure patient who is a candidate for
the treatment. Thus, it is envisioned that patients who have experienced heart failure or who
have been identified as at risk for heart failure will be tested to measure their circulating
20  galectin-3 levels. The measured galectin-3 levels will permit the identification of two groups
of patients: those who may benefit from cardiac resynchronization therapy, based on their
galectin-3 concentration; and those who are unlikely (or less likely) to benefit. CRT devices

would be implanted in those in the first group, whereas other courses of therapy would be

selected for those in the second group.

25  [0010] The present invention therefore provides methods for selecting a therapy for a
human, who may be suffering from or at risk of heart failure. The methods include measuring
a galectin-3 concentration in a sample, such as a blood sample, a serum sample, or a plasma
sample. The measured galectin-3 concentration is indicative of whether the patient is likely to
respond favorably to cardiac resynchronization therapy. Favorable responses include, for

30  example, an increased likelihood of survival over a period of time, or a reduced progression or



cardi ac resynchroni zati on therapy, prior to such treatnent, and conparing
the gal ectin-3 concentration to a galectin-3 concentration observed in

ot her patwenvs/wi®ated with CRT devices, with or w thoutrcaafsedmwiokdcas or
functions, for whom cardi ac resynchrowi zati on therapy has proven
beneficial. 10[0012]Simlarly, the invention provides a nethod for
assessing a candidate (e.g., a heart failure patient) for cardi ac
resynchroni zation therapy. The nethod includes nmeasuring a gal ectin-3
concentration in a body fluid of a patient who is a candidate for cardi ac
resynchroni zati on therapy and conparing the nmeasured gal ectin-3
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t he tregdj¥epia met hods invol ve the inplantation of a CRT device in a patient
whose gal ectin-3 bl ood concentrati on has been determ ned to be indicative
of a favorable response regardl ess of how the galectin-3 determ nation was
pr el ouli2hade, SmilylywAsiIvenAon PEYides 3 TATheEHr BSREsINg DIBESHIG(HI4] | n a

sel ect eﬂe ﬁa lﬁ%}taﬁgnte%trlcgﬁac r%%}% ?1{(1)8&9%&? Ql%pa%gr %E %tﬁ)od 19(?1&18%5%1&5%1{1%@( be

det er mi na e a mni resho low a maxi numthres
W t hi n galeaing®torcangsioneh iaedy Plyidoof pritistmyan ascandidhtefor ddidieshol d. The
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other heart failure patients for whom cardiac resynchronization therapy
galectin-3 concentration.

[0013] The invention also provides methods for treating a human, who may be

20  suffering from or at risk of heart failure; the methods include implanting a CRT device, with or
without pacemaker or defibrillator functions, in a patient having a determined galectin-3 blood
concentration that is indicative of a favorable response to cardiac resynchronization therapy. In
contrast to the methods of selecting a therapy, which involve the process of measuring a
galectin-3 blood concentration, the treatment methods relate to the subsequent implantation of

25  the CRT device. Thus, the treatment methods involve the implantation of a CRT device in a
patient whose galectin-3 blood concentration has been determined to be indicative of a
favorable response, regardless of how the galectin-3 determination was previously made, or by

whom.



has proven beneficial, inplantation of a CRT device may not be indicated,
and the patient nay be offered a different nedication or therapeutic

opti on. DEOAVLIERIMOESCRI PTI ON OF THE | NVENTI ON [ 0016] ApplPCTAIs2&10/036689
invented a nmethod of predicting and/ of nonitoring a heart 15failure
patient's physiol ogical response to cardiac resynchronization therapy. In
past clinical studies, between one quarter and one half of CRT device

reci pients were classified as "non-responders” because they failed to show
significant benefit fromthe device (Hawkins et al. (2006) Eur. Heart J.
27:1270-1281). One study reported heart failure worsened in 40% of CRT

devi ce [®aypi ent spad te@éctddd taatedlga@nt, dbbydddnent@nbs 6f g JERWB may 8e even
nore poorly (Cd eland 20et al. (2005) New Engl. J. Med. 352:1539-49).
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"heart failure,” "HF," "congestive heart failure,” or "CHF" as used herein,
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show cl eaoffércs i diffatttrmedicttionay eherpeutiebptitev el oped HF. Patients in stages C
and D currently exhibit or in the past have exhibited synptons of HF. For
exanple, Stage A patients are those with risk factors such as coronary

artery di sease, hyper i 0 ki@ j a&@gggﬁﬁSOt show i npai red
| eft ventricular (LV)&ﬁﬂﬁ%ﬁ&gﬁbEg é%ﬁﬁﬁgﬁéthégﬁ> tomatic, but have
cardiac_structural abnormalities or renodeling, such as inpaired LV
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the hospital, without specialized intervention, [0018] Galectin-3 is
st r uct ulaPYRACEn a%?éw?rﬁwi%l cgfto ahews significant bepets f%?m ﬁ] i (Hgwichs'e? of

(2006) Eur. Heart J. 27:1270-1281). One study reported heart failure worsened in 40% of CRT

device recipients after implantation, although a control group fared even more poorly (Cleland

20  etral. (2005) New Engl. J. Med. 352:1539-49). Applicants have discovered that measuring the

circulating galectin-3 levels in a patient can be used to identify those patients who are better
candidates for cardiac resynchronization therapy. In this way, the therapy can be directed
preferentially to those more likely to benefit from it, while other patients can be spared the risk
and expense and directed to different courses of therapy. In addition, applicants have

25  discovered that measuring galectin-3 upon and/or after a CRT device is implanted provides an
ongoing indication of disease development or progression and/or of the continued propriety of

the course of treatment.

[0017] The terms “heart failure,” “HF,” “congestive heart failure,” or “CHF” as used

herein, refer to the complex clinical syndrome that impairs the ability of the ventricle to fill



15gal act osi de-binding | ectins (Gabius (2006) Crit. Rev. |nmunol. 26:43-79).
Expression of gal ectin-3 has been associated with the epithelium and

i nf | ammatwoyortaisi#3i ncl udi ng nmacr ophages, neutrophils ardTrmssa0nedoss.

Gal ectin-3 has been inplicated in a variety of biological processes
inmportant in heart failure including nyofibroblast proliferation,

fi brogenesis, tissue repair, cardiac renodeling, and inflamuation (Liu et
al. (2009) Am J. 20Physiol. Heart Circ. Physiol. 296(2): H404-12;
Papaspyri donos et al. (2008) Arterioscler. Thronmb. Vasc. Biol.
28(3):433-40; Henderson et al. (2006) Proc. Natl. Acad. Sci. USA
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(2000) J. Irmmunol. 165(4):2156-64; Kuwabara et al. (1996) J. | munol.
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bel tw apdaaasidé-hmdingdectino( Gebiasfil086) CrimReeakhsaysl. 24 H178).oBx@pisian ofet hods,
and nmass spectroscopy. Such assays can. be perfornmed on any biol ogi cal

sanpl e e Hic he) Deahsnge BLageridh Th epgeiugh %@ﬂﬁ?a@ﬁ&%ﬁﬁﬂa oddi ngl y,

mul ti pl §,839RYRs GROtBEhiNSRE At d8lseelaldah &0tk Bech ingfia®aPh §ari&abs be

anal yzed 15 from one or nore sources. [0021] Markers can be detected or
quant i f biethbgical arosesspd enpirtaht inHeat &ijpiroincbengomyefthreblggpawldeiabnnmet hods. For

exanpl e oul L ARl &S RaLAl L oM R NS B 0 A S8 & TBSS ar. (2009) Am. J.

20  Physiol. Heart Circ. Physiol. 296(2):H404-12; Papaspyridonos et al. (2008) Arterioscler.
Thromb. Vasc. Biol. 28(3):433-40; Henderson et al. (2006) Proc. Natl. Acad. Sci. USA
103:5060-5065; Sharma et al. (2004) Circulation 110:3121-3128; Sano er al. (2000) J.
Immunol. 165(4):2156-64; Kuwabara ef al. (1996) J. Immunol. 156(10):3939-44).

[0019] Applicants have developed methods permitting the use of circulating galectin-3

25  protein levels to predict efficacy of cardiac resynchronization therapy in heart failure patients.
Knowledge of a patient’s galectin-3 level is informative of patient outcome upon implantation
of a CRT device. Furthermore, levels of circulating biomarkers such as galectin-3 levels after
implantation are informative of patient outcome, and changes in galectin-3 levels may indicate
a changing prognosis. Although higher concentrations of galectin-3 correlate with poor

30  prognosis, such as death and hospitalization, patients with relatively high galectin-3 levels who



spectronmetry nethod, such as el ectrospray ionization nmass spectronetry
(ESI-M5), ES'MS/MS, ESI-MS/(MS)n (n is an integer greater than zero),

mat ri x- aswobad3ieaser desorption 20 ionization time-of - PCirgistomseso
spectronmetry (MALDI - TOF- MS), surface-@nhanced | aser desorption/ionization
time-of -flight mass spectronetry (SELDI - TOF- MsS), desorption/ionization on
silicon (DI OS), secondary ion nmass spectronetry (SIMS), quadrupol e

time-of -flight (Q TOF), atnospheric pressure chem cal ionization nass
spectronmetry (APCIMS), APCI-Ms/ M5, APCI-(MS)", or atnospheric pressure

phot oi oni zati on mass spectronetry 25 (APPI-Ms5), APPI-MS/ M5, and APPI-(MS)".
QO her NRgsive RRCT dQ@k hy r&hb@t@gﬂm&anuzczisuﬂ@asuteatb@me&k loBspu] GaglityROLies (as
fourier transform mass spectronetry ( and ion tr Spectronetric

t echni qoeasureth forexamales by B Muwasqty bl iR 16@6%&15@11@%5@%@@@%5@ Haespyi cal
spectro 4663 2 r &
separat?gﬁ@%§ tg%g&ﬂé&fﬁ%éﬁ%ﬁé%ﬁé%%%ﬁ%gﬁﬂ ?l5%“%%%8??%%%%%%jh§%}ﬂ%%h&ﬁ

chr omat dgir@pyof breuth, @x ehidanged Llkelboad ofsuapiyl. hydr ophobi c (reverse phase)
quuid chronatography, i soel ectric focusing, one-dinensional polyacrylam de
gel E %re5|s (PAGE), two-dinensional polyacrylam de gel

el e §H FERPPUAHPAGE), or other 5 chrommat ographi ¢ techni ques, such as

t hin- Iayer gas or liquid chromatography, or any conbination thereof. In
one enbp@20Ent, tMEe PledRgivertion ARlRs hiRk iR SSAYESiPEMdRE ddetihonat ed
prior to appllcatlon of the separation nethod. [0023]Markers can nay be
det ect eﬂhWFOIleaaltrﬁsfppe@ Cb‘yl heertt iaitige phizemnt tmcam@tac re@mmhr@lmgmfaap}s@par at i on
of the nmarkers ﬁh% e ves kFor % WH e F % treso ance é NVR)
spect r o8 COPY "FdY BE- 08 TS WEOrVE & SEPHETYp I tambiRrion Fafhohe OB%OF ex
m xt ur eo@br MarkesUkes BNP Nm@lrcsm@ms Msey PEhDURJr deelb @Sl aYprotéiDsBintegest,

di scl osed i n Hagberg (1998 NVR Bi one 11:148-56, for exanple. [0024] A
mar Ker  ithgr sahenequangetiomyrgwe nee apd e ke jsad it fhe gractise okshampisent by
combi ni y bi ndi ng
the. mar Rapitifn ptiesie sl PP Rk CR L ey RPRESL &, SLieBp sl Sy, P

| i gand- ine@epdaesaypaihiromatographia nm]nddspzindlmhﬁspémSmgalShleh afsapasanitg a
specific binding interaction. The blndlng noi ety may al so include, for

exanpl ePerfrmerigaany biodogical simple ipglpdipgmipngothery bloods Pasmpsidyenit-i gen,
enzyme- A%&B}afngﬁi hul (i€ 5&5& iyl dgé’(?{oede@ec@gﬁlgcctnpg On8isAmPIS L& Ge AfilFred

pr ot ei n- prot ei or other  specific binding pairs known 1 n the art”. Binding
pr ot®ei nfomennelye nohes sgned. whi ch have enhanced 20affinity for a target.
Optionally, the binding noiety may be linked with a detectable | abel, such

[0021] Markers can be detected or quantified in a sample with the help of one or more
separation methods. For example, suitable separation methods may include a mass
spectrometry method, such as electrospray ionization mass spectrometry (ESI-MS), ESI-
MS/MS, ESI-MS/(MS)" (n is an integer greater than zero), matrix-assisted laser desorption

20  ionization time-of-flight mass spectrometry (MALDI-TOF-MS), surface-enhanced laser
desorption/ionization time-of-flight mass spectrometry (SELDI-TOF-MS),
desorption/ionization on silicon (DIOS), secondary ion mass spectrometry (SIMS), quadrupole
time-of-flight (Q-TOF), atmospheric pressure chemical ionization mass spectrometry (APCI-
MS), APCI-MS/MS, APCI-(MS)", or atmospheric pressure photoionization mass spectrometry

25  (APPI-MS), APPI-MS/MS, and APPI-(MS)". Other mass spectrometry methods may include,
inter alia, quadrupole, fourier transform mass spectrometry (FTMS) and ion trap.
Spectrometric techniques that can also be used include resonance spectroscopy and optical

spectroscopy.



as an enzymatic, fluorescent, radioactive, phosphorescent or col ored
particle | abel. The | abel ed conpl ex may be detected, e.g., visually or with
the ai d ovoaospscissophot onet er or ot her detector, or mapcChasquanidc? ed.

[ 0025] Gal ectin-3 | evels can be quanti8ated by perform ng an i munoassay. A
25gal ectin-3 i mmunoassay i nvol ves contacting a sanple froma subject to be
tested wth an appropriate anti body under conditions such that

i mrunospeci fic binding can occur if galectin-3 is present, and detecting or
measuring the amount of any imunospecific binding by the antibody. Any

sui tabl e i munoassay can be used, including, wthout |imtation,

conpet i [ogg] and nomcs oMRdld depXiRtias BRYhoY Sichie Hemngl &afbnablbaGtsHMER, as
Western bl ots, 30 radioi nmunoassays, ELISA (enzyne |inked i nmunosor bent
assay) , colsmpeiraptogreghy? (nyxghangg Thomaysaento), buéesloobic (rayairoRinseluid

I nunop I pitatl ' 2 I: t| ' says,
compl enciprRicEElEn S s SIS fock HHE A R A BOS RSP Sl SBLp R

i Munoa@ayB), anc-diheistonal poliymariamadesgy slec r@hd6dsisn2D-PAGRYWIrotlierassay, two
nol ecul es (" bi ndi ng nn[eties"%asuch as nonocl onal 5anti bodi es that

sped f i BHPMPtsTIRlict lEchidtieovBeh aphinitpyss gasor lipiid efyaantagpls dcyn- 3 are
used. Typigakd i.ndi j L Shil § Ld i face where
e bi oo TR g OREL PRt MR, A oRTER MATE 0 B R 2

t her ef ofrectainged peibetor apghlit wicasof ttimesepanation enedioddi ng noi ety. A second bi ndi ng
noiety is detectably | abeled, for exanple, wth a fluorophore, enzyne, or

Togal ecktASE! com MBS titchrobe Ve Gor A SRR Mol e P bt rre
i nt ensi piysedal §dparasibB B theinSarRéR PRIseRRA! Fél_cbxhhlﬁleq A et ink@Are@bnmat ect i n- 3
in the sanple. The second binding noiety is therefore also referred to as

t hel@et E¥MRg ipdsitiostony mpayi kerysed o feaplae aprofde a2 marler jronra pempliek gnikimreely can

b | | Lo = . . ;
oY RS PRSI RE 5 RAAR TGh ATTBANS B DR B R ©
noi et i eBidhseid 1 &1 @81Fonfoe koamaple L5ant i - gal ectin-3 antibodies, i.e.,

nonocl onal s rai sed agai nst or otherw se selected to bind to separate
portionﬁxﬁf gal ectin-3. [0027] Such assay procedures can be referred to as

two- si t @RAhunometrMKeEE ARl MY SGALRFER O MAHHES fBF AMREH bint i bodi es
are t hec&hﬁﬂﬁ{gsthe AR Wi BiRdHE ﬁﬁ‘ﬁ&(}%E‘pa{'ble of specifically binding the marker. The

15  binding moiety may include, for example, a member of a ligand-receptor pair, i.e., a pair of

molecules capable of having a specific binding interaction. The binding moiety may also
include, for example, a member of a specific binding pair, such as antibody-antigen, enzyme-
substrate, nucleic acid-nucleic acid, protein-nucleic acid, protein-protein, or other specific
binding pairs known in the art. Binding proteins may be designed which have enhanced

20  affinity for a target. Optionally, the binding moiety may be linked with a detectable label, such
as an enzymatic, fluorescent, radioactive, phosphorescent or colored particle label. The labeled
complex may be detected, e.g., visually or with the aid of a spectrophotometer or other

detector, or may be quantified.

[0025] Galectin-3 levels can be quantitated by performing an immunoassay. A

25  galectin-3 immunoassay involves contacting a sample from a subject to be tested with an
appropriate antibody under conditions such that immunospecific binding can occur if galectin-3
is present, and detecting or measuring the amount of any immunospecific binding by the
antibody. Any suitable immunoassay can be used, including, without limitation, competitive
and non-competitive assay systems using techniques such as Western blots,

30  radioimmunoassays, ELISA (enzyme linked immunosorbent assay), “sandwich”



As is known in the art, the capture and detection anti bodi es can be
contacted with the test 20sanpl e sinultaneously or sequentially. Sequenti al
met hods owo 2ba/@eeenpl | shed by i ncubating the capture amCirhusdyiomideso t he
sanpl e, and adding the | abel ed detectpon anti body at a predeterm ned tine
thereafter (sometines referred to as the "forward" nethod). Alternatively,
the | abel ed detection anti body can be incubated with the sanple first and
then the sanple can be exposed to the capture anti body (sonetines referred
to as the "reverse"” nethod). After any 25necessary incubation(s), which may
be of short duration to conplete the assay, the label is measured. Such
assays [HjuféastaiP ﬁﬁﬁn{oﬁfkcl a8 Xss8Re GrhinufodifuiTBh SsskWhglh@ndtidaesa9f, skil |
inthe art, includin rodﬂ% use o?evarlous hi gh th?gu % ut cllnlgal

| abor at @@ryplamanty&@t@n@ﬁsaw tlmrramﬁmdmm@mc 835AES, Hluoreseaat tfé@ﬂil@?g"sad’é@ﬁ‘é aroteip\p
2011/03%ﬂ3§5§§@§$%§10/046689 10 permt formation of a sandw ch interaction
upstream o "he capture zone in the lateral flow assay. See, for
exanple, U S. Patent No. 6,485,6982. The capture zone nmay contain capture

bi ndi ng[0#26Et | es Buctsaadwrht hizagywonhdeulles bindingahdietidsty suchps uronngonal

gal ectin- ized avidin or the like for capture of _a biotinylated
rrpﬁc exant%@élewl&t s glwaﬁé%mé tg nop-QverlAPPARE SitSs (epilePp @n stisetird e eay al so

'nCOprT?ﬁ@dﬁzBH@bRﬁ%@%&&a&%@ﬁhnéHﬂ&é@bﬁaE&Liﬁﬁﬂ&yaﬁckﬂtBﬁﬁs%ﬁH%HHe Zone,
the concentration of gal ectin-3 being proportional to the intensity of the

si gnal etpturhegdepingd.eThis fiest bBudingbety abbdrsformilsmdaéerfddug re deanpturabel s

i nmobi | d on olyst rene. m cros. her p rticle al. so may be
useq. | bESEEARHER X ickpS] Birthueant Rt Aepeply Bl BreiniE, REBE of ¢ he

i nvent i Aforopkdrddeizyhttcotr€d paticlel d¥ich @the bﬁldltfg' ihd éHc@h’cﬂﬁndﬁi‘é'rﬁ(ﬂét iR for
exa le, US. Patent No. 4,632,901. In a flowthrough assay, one blndlng

y galmtlne&aﬂlppbx 1@icaa¢ﬁtthbtcﬁﬂt§90tlns3 hagbedi ¢ap21éth6h¢alnﬁmsitmﬁthars@aldﬁ a
”E‘”br a“Sro%HIftfo%&eto t}-ll_&%o%cglﬁmo%%ﬁ%%ﬂgct hﬁrh éﬂ‘ét%g]&l@ fed 1%“ sé‘& 8*%%%11?6'&} a%éer t hat

acts as reservolir evi ce

i mrobi | theadforen]sotrbferiee b@asnthe detpetineindibg nbidtg os labelsblﬁmng Iﬁmmgmarlﬁﬁangr e
bl ocked to m nim ze non-specific 15 interactions. |In operation, a
bi ol ogi B&ICtS é%?ptPeeanstY%Rj‘éfefHOlte@ﬂ?’r?é lorgasrintRecKisally pindefosa portignghthe mat ri x,

al | ow ng3 S%P?%X(%ﬁl §$PRCY }fn'ef'enteg Tt a e Qﬁgg é]]dﬂlé & e E&aﬁe%&LdEg)nEP the

|nnDb|I|ze In a secon step secon ary ant may be
added oanti-ghleased amtﬁmﬁlasem,tmomcﬂdnalsapised eghinsh bK ethetvd sec<eiqokeelt to bhhleto

sandwi ch. AIternatlveI t@e secondary anti body can be mxed with the

sanpl e 3%@“%&ﬂ$§8°?%Pe¥ﬁ%cﬂﬁ1e step. If galectin-3 is present, a colored spot
20 devel ops on the surface of the menbrane. [0030] The nmobst common enzyne

| mTunoagsRy] i S thguIEﬁé%ﬁﬁb&kﬁK%Qah@guﬁ9§&fQﬁﬁ&w&%ﬁ@ﬁnﬁﬁh&§@&m%&ﬁ&lSA is a

t echni que for detectlng measuring the concentration of an antigen u5|ng
a | abel egthods.gsandsngty nmtmdsmdyvhemmﬁt@ﬂles laee thabindory "saleich immunoassays.

As is known in the art, the capture and detection antibodies can be contacted with the test

20  sample simultaneously or sequentially. Sequential methods can be accomplished by incubating
the capture antibody with the sample, and adding the labeled detection antibody at a
predetermined time thereafter (sometimes referred to as the "forward" method). Alternatively,
the labeled detection antibody can be incubated with the sample first and then the sample can
be exposed to the capture antibody (sometimes referred to as the "reverse" method). After any

25  necessary incubation(s), which may be of short duration, to complete the assay, the label is
measured. Such assays may be implemented in many specific formats known to those of skill
in the art, including through use of various high throughput clinical laboratory analyzers or

with a point of care or home testing device.

[0028] In one embodiment, a lateral flow device may be used in the sandwich format

30  wherein the presence of galectin-3 above a baseline sensitivity level in a biological sample will



are different fornms of ELISA, which are well known to those skilled in the
art. Standard 25 ELI SA techni ques are described in "Methods in

| munodi agoasiiw31492nd Editi on, Rose and Bigazzi, eds. Jeomus2diep4a&ssons,
1980; Campbell et al., "Methods and I¥munol ogy", W A. Benjamn, Inc.,

1964; and Cellerich, M (1984), J. din. Chem din. Biochem 22:895-904. A
preferred enzyne-1linked i nmunosorbent assay kit (ELISA) for detecting
galectin-3 is comercially available (BG Medi cine, Wltham M. WO

2011/ 031493PCT/ US2010/ 046689 11 [0031]In a "sandw ch ELISA, " an anti body
(e.g., anti-galectin-3) is linked to a solid phase (i.e., a mcrotiter

pl ate) pachienpas@sh ¢ AndwRhastefdtion apRleBmCAdE al tk BeptaRtzo8E M the 1deral flow
galectin-3). The solid phase is then washed to renove unbound antigen. A

| abel edashy.i desdforeaagple, Bny yaent Naked§s.P&2. t Frercapbuingonegnsheoniyin faRtaist i gen

(if pre 1 i ti - i A i gh. . | of
enzynes ﬁ’t%ﬂ%{g I%%%H;gg gfllg%sk%gltbf) §§) ﬁ?’]é éecﬁ%? 1 %%gy © g%éagﬁ%éﬁ %ﬁfe%g%\@] g S%rhla ase ,IZ%%
hor ser agvigin qeelicoXic@s eaptheaif hdiabglated @agdex. Srd, fdBegal A& 0S| Pasa.Nolhe
enzynme |inked antibody reacts with a substrate to generate a col ored

react i of-3pP-8dcthe dryicecay peo Hsaperad 2 lupipetsent Inkel SHitahio tos saptaredadhs i bed

herei n i L it f i tion
can ol s HLEOLR, VRl ciS ML of ecin 3 80P pRToRRAR Ran MRl LB oli
det ai | etherceptusvsief Suimbladdbelyiicdhdeafsayscdrtslalbpls inielbitivedodpg@yayweeel s can be

found in.nu roustg}xtf in the art, .including Butt, WR., Practi cal
| mrunol BYSFOSRREIes \EPORFd PURRIES AlsaBRY P64 1984) and Harl ow et al .
Ant i bodi es, A Laboratory Approach, ed. Cold Spring Harbor Laboratory

(1988) . [do@9B3] | N paRehdhy fbAIMNBASHAY bASRUIR (HeQR&hEEY GHithOMSehtthl iHEBde,
preparati on of antibodies 15(e.g., nonoclonal or polyclonal antibodies)
havithg buffare gotdhnitsd thi @Wﬁhrﬁdgmge\g@fécisﬁ:,épt sxafmgle, tthe. RatengdNo. @320 I a
conpl exgthat ¢ di st ' ' from. UC. ) eGlf i

it or actr BTl PRt HORD (8} Al AT R BT hin i A1 R e

bi ndi ngares oh @inSnbrhfy siefaaPTRis ndsnibringdis eien@vefhideh fprabt@bag 19@miak s¢thgs an
i munogl obul i n variabl e region-I|ike binding domain, having the appropriate
bi ndi ng? BPEIVRITHY @8MEsAMBlseClyME thioued thofevigre Kodloydrg inypebibipatingther t he
anti bod i: ndi ecl flcity, 0NG At 1.0 t hat can
be. det erouis B ERTALE I opdhPmbbfne s bALA nERRRE Rt
spetd f i oadrhgtionar & epetaiont obubldgicaieanple iaiddet éo thie mainmigramoaret fjiter§ drowhahpl e,

a bindin rofein, has bi ndi. affinity for the target of_ greater. than
about 18‘%“&» iﬁOWélan‘%ﬁéﬁea?B?‘i}HgFoe%F aptikgeyin hssgmp eot?qw@fht.o tP%H%%P&iﬂF?CEodi es

to an i slRuGdlt /5Q6hd TP KEhbAMY CRoRILY Hl%lﬁ;df!lb' hdY RSRRYS of Rieal&E @& eds 25
heart failure in an individual may be generafed usi ng standard

i munol eghcaptupdosaiiente somplde thaownlvand déswmpiitedyl thesachedaay antitedy caf be
exanpl e Practi.c n,i.sol at ed ‘g&qu r is used to

| | | K - a. i
R e TRt e st e S it ot T phie Pl BB RO St

20  develops on the surface of the membrane.

[0030] The most common enzyme immunoassay is the “Enzyme-Linked
Immunosorbent Assay (ELISA).” ELISA is a technique for detecting and measuring the
concentration of an antigen using a labeled (e.g., enzyme-linked) form of the antibody. There
are different forms of ELISA, which are well known to those skilled in the art. Standard

25  ELISA techniques are described in “Methods in Immunodiagnosis”, 2nd Edition, Rose and
Bigazzi, eds. John Wiley & Sons, 1980; Campbell e al., “Methods and Immunology”, W. A.
Benjamin, Inc., 1964; and Oellerich, M. (1984), J. Clin. Chem. Clin. Biochem. 22:895-904. A
preferred enzyme-linked immunosorbent assay kit (ELISA) for detecting galectin-3 is

commercially available (BG Medicine, Waltham, MA).



sui tabl e manmal . The marker is conbined wth a suitable adjuvant capabl e of
enhanci ng anti body production in the host, and is injected into the host,
for exanpwe,2otayo3i4¥8r aperit oneal 30adm ni stration. Any adcuwsaeioswicsabl e for
stinmulating the host's immune responsd may be used. WO

2011/ 031493PCT/ US2010/ 046689 12 A commonly used adjuvant is Freund's

conpl ete adjuvant (an enul sion conprising killed and dried mcrobial cells
and available from for exanple, Calbiochem Corp., San Di ego, or G bco,
Grand Island, NY). Where nultiple antigen injections are desired, the
subsequent injections may conprise the antigen in combination with an

i nconpl pIo81Rd] uvania(@n@wmhmlsAfraeﬁan@@m @elgnrﬁnu Fotyel pnaliniatib hadii@s may
be isolated fromthe anti body-producin ost extracting serum contai ni ng
ant i bodplase (ige- th@iqsetiseiplateppnd gipepaskp aq%lﬁé@mqmplwwg antigpay(else

pr oduce ol-at.i I t usi ng
t hese cg?l é{mvm t hﬁ‘% Sgﬁdpra eﬁcﬁe}l Elglgﬁr%% to? andar b}g?@%ﬂﬁ%ﬁ: SAklg élé&)%g%bﬁg

i mmunol gy, arzymeamlecsmg drenibognd @rthhy@mddam@hﬂl 8if pleydatt) ﬂmﬂﬂi&@antd’mﬁbodiﬁact
specifically with the target and have the desi red bi ndi ng 10affinity.

[ooafs] EXHHsh 2n(bedy wadwich flEéﬁmPH’é oReRZYFES HiAS cyt byhmbeditp Hlesan.ﬂheqiwé but are

nencpaclblalte MG RS RE O T RO A EBRPodBn ( SEo

| D NO S53rizyRIHEPHATEAy (&€ With N@;ﬂﬁ;)rateJtB g¥REEIA RRGISYREARRD prOSRQtHaDcNO. 7) ;
YPGAPAPGVYPGPPSGPCGA (SEQ I D NO 8); and YPSSGQDSATGA (SEQ ID NO 9). O her

gal ect i he meapwedopbiy Oﬁ th% vramuﬁaaswﬁ descaibsd heisin pifakle f%ralﬁelegbthB@th%@H as
targets odi es
ar e i o Hodt Bt B bh Qn i Ao Tk HR L RE AR HRAEH n YRR PAY ool

i ncorporated herein by reference. 20 [0036] Anti body bi ndi ng donmai ns al so
maylbe [033Liced bAckyaieHetview of 'ynmnnlolbgiealastayaieaighdthsmqwedcpeotocfolschael‘ttei ndi ng

dore. . FERAPLLLES, R RONMNCS: LRALOBSL W Foll L 8 RIS SH SR 0P O

descri bpdkiidd, K&® Ydrk ErmuyaRl HAIOR & ofl et ibbeds d@iﬁﬁérﬁ@dr@l&p@ﬁoa&lh%ﬂ@old
preparation can be found, for exanpl e, 1n Practical Tnmunol ogy, (supra).

25[ 00375 pmngdaibor baborgtene(tl%%)l |y engi neered bi osynthetic antibody binding
sites, also known in the art as BABS or sFy's, nmay be used to determne if

I
2§ RURIT! 21 151 P TR EL RS B1 cABILAR RO oL A BARG, B0 TPl
di ne§ s, (d4.] honaNalatot polytlomkd adtidddidd) havingkefficieaily highrdidige spectfiity for the (11 1)

i ndi vi dual VH or VL domains, (1v) | e chain antl body binding sites
are di strgss&iformgyconmlsxthal ean hershunsuwh%cg@ﬁﬁblmé@m pipdpes o5aanspecifgn 405,

4, 704, 6Qra@ifls A2 88ecHReinFHE LT MREGody MU ARIH QRBIBRETAHSR FrHM: R4 6589

example, antibodies or other proteins comprising an immunoglobulin variable region-like

binding domain, having the appropriate binding affinities and specificities for the target. The

20  higher the antibody binding specificity, the lower the target concentration that can be detected.
As used herein, the terms “specific binding” or “binding specifically” are understood to mean
that the binding moiety, for example, a binding protein, has a binding affinity for the target of
greater than about 10° M™, more preferably greater than about 10’ M !

[0034] Antibodies to an isolated target marker which are useful in assays for detecting
25  heart failure in an individual may be generated using standard immunological procedures well

known and described in the art. See, for example Practical Immunology, supra. Briefly, an

isolated marker is used to raise antibodies in a xenogeneic host, such as a mouse, goat or other
suitable mammal. The marker is combined with a suitable adjuvant capable of enhancing
antibody production in the host, and is injected into the host, for example, by intraperitoneal

30  administration. Any adjuvant suitable for stimulating the host’s immune response may be used.



13 BABS having requisite specificity for the marker can be derived by phage
anti body cloning fromconbinatorial gene libraries (see, for exanple,

Cl ackson w0 2ai1/03NaBur e 352: 624-628 (1991)). Briefly, plragas2oiemedss9
expressing on their coat surfaces BABS havi ng i munogl obulin variable

regi ons encoded by vari abl e regi on gene sequences derived frommce
pre-imruni zed 5with an isolated marker, or a fragnent thereof, are screened
for binding activity against the inmobilized nmarker. Phages which bind to
the i mobilized marker are harvested and the gene encoding the BABS is
sequenced. The resulting nucleic acid sequences encoding the BABS of

i nt er esp\ do@RonTR YisdderdpRRRESS FRchnds GAHPIER hijaRNalt (SXEhEIShRBmPYiSing Ml 1ddind
produce the BAI{BT% protm 10 [0038] Mul ti naJ?ker anal ysi s cg% begused to

i npr ovedti¢tbmigeekiplzells and aNadgble STosn. dptextamle. Sraitnechemdromgy apRicgd PoEEbco,
COmCe Tt AR O St b A L aLGHIL  Sh0 BaRERTUARAOD)
of hear taf @bmprie tﬁwamugélnmamdmaebn afith,andncofipletCadjuvar®ae.di, oéll fred8: 1217- 24
(2006); Sharma et al Circulation, 110:3121-28 (2004); Lok et al., Eur.
Hearl Jemul@@ﬂileiolysalsg%lraaE}bO@&@%@ax boiyolaged fmmt@@ngeﬁady Pfsodewaxlﬂaa@y(aqu. val ent
A S L S A B
chanber be produ¢die ysikoletimghhat cabrtbatapcodnas theadekirgbargibo@y Hesing ﬁIDSEﬂCEi]SWIﬂ'B.I‘ kers

t hat coul d be us ed to dlgzgnose heart failure. may include on Beptl dic

car di ac"W& H@r@ SHURE SEnG PRRGETTHY o vehiti g BRTHROIOgY - r‘?& sFre¥ s pHosphat e,

di hydr ot Qas (I rRBAHaSRRLNERS ¥pRIRINYQAFid GO lrbiend BER tHe §e51Patbmd2&>g No.
6, 534, 322). Wien neasuring the levels of the above nmarkers, corrections for

agel(hndaf@eltt&ler may be incorporated to inprove the accuracy of diagnosis.
Tr eat nent net hods [0039] Patients whose galectin-3 levels identify them as

candi da el

i mpl ant L@OL of aﬁéﬁﬁlé{eyw ctrég &Ztg(f][hél%ol]kl'?[?ré%l&? r%allecaggelr%r%ugere;% ?%rgltﬁé&e one or
two el erifnliﬂed‘&:l M ADUESpJHITADS ($SEQ B N(ngﬂMAﬂ)NEB'RHDh@;SGSg{ISEQ/IEDINU ke, or
both, to pace their contractions. evices include at | east two | eads:

one in leélﬁAQ@r{‘SEQcIIDeNOa?HdYgﬁ’é*P%YR@A@&P&\é|(§/E@|IPL}§Oé‘@’a| nst the wal l
of the K [ fons of the left and
right ventr| ctes. é@e%é%wﬁﬁ?piﬁé?ﬁg?%ﬁ ghﬁﬁﬁcgd in the right
atriaum Y@GQ@R/E’(&IAY@GI@ARRGAK&EQHM@%;YPGWP@(PCNMPG&BSG@G&\ (SEQ ID NO:8);
2011/ 0314 04 4 Such CRT deV| es. not ronpt e the

coor di n#t ‘zgggéﬁf‘égff%}] %f%?]ﬂi\'q)gg tBQ}‘?Hg?IFGH’c GRIRES dPaEXm aPAEY ensur e
their timdpgs, Wah Bish 88 RELH aslifhobR 8o CORMKiBSE by AR affi- chIdBHiABah@bodiN Edefifpilsy ar
connected to a battery- povvered pul se gener at or |rrpl anted in'the ches%/

beneat hantﬂv@dsak fare, digused 10 RES 220d DAY 48%h threamtiroermtdnitd o whieh eerinedrpdrasdwi t h

bl ood, uI S nerator sends small electrical signals to 5the

ventric %rgln 8t %ﬁ‘%ﬁﬂ ng their coordinated contraction, expelling the bl ood
fromthe heart and punping it through the circulatory system

20  [0036] Antibody binding domains also may be produced biosynthetically and the amino
acid sequence of the binding domain manipulated to enhance binding affinity with a preferred
epitope on the target. Specific antibody methodologies are well understood and described in
the literature. A more detailed description of their preparation can be found, for example, in

Practical Immunology, (supra).

25  [0037] In addition, genetically engineered biosynthetic antibody binding sites, also
known in the art as BABS or sFv’s, may be used to determine if a sample contains a marker.
Methods for making and using BABS comprising (i) non-covalently associated or disulfide

bonded synthetic Vi and V7, dimers, (ii) covalently linked V-V, single chain binding sites,
(iii) individual Vg or V[, domains, or (iv) single chain antibody binding sites are disclosed, for

30 example, in U.S. Patent Nos.: 5,091,513; 5,132,405; 4,704,692; and 4,946,778. Furthermore,



[ 0041] CRT devices are available with or without an associ ated defibrillator
function. Devices that include a defibrillator function are sonetines
referred wo 2a61/0BRP3D devi ces. CRT-D devi ces are parti culPariugs2useidss i n
patients at risk of abnormal heart rhithns. For 10exanple, a rapid,
irregul ar heartbeat can prevent the heart fromconpleting a ful
contraction; very slow heartbeats can al so be dangerous. If the heart

devel ops an abnormal rhythm a CRT-D device can shock the heart, disrupting
t he abnormal rhythm and giving the heart the opportunity to resune a nore
nor mal speed. [0042]CRT devices are w dely avail able from manufacturers
such asSBs Kue Miebealped il Mrbané iuilek chiFod EBivebl 3869 dnidia} OBninkpi o(1)
HF I CD, Epic(r) 1 HF I Promote(r) RF CRT-D), Boston Scient]f

( COGNI Sfrem, comhmaékn@@ﬁw}abranta M%ﬁnﬂmxympl@e@ﬂ%mrbet(at&@uﬂ_tﬁiw246@8cer to(r),

Newd i vi Haty: BT E e oAT Pt e b duc Py k' BXNBS M tRftynpglobutin
[ 0043] Cadrihib&creg@ay aadaded by &hdidhie fedg@mageyie k&quepdes @leﬁbédyfrmﬁn‘mw prt-ivrhimigsde or

nore_ 20ot her treatnents for heart failure. For exanp a patient pay al so
be t¥eat'#h ailtoatedmatkerias a fagaengtiereel (asreRnes ford’t”%#”@&%‘f%‘(ﬂtiyrﬁlgalﬁﬁt&]{}‘ést atin,
{1 uvast ihiBoitl: VRSARE | Phag 9@ bAEAHR othe BhmSbITYAShARENare haflcUegbhEme Tl as
furose unet ani de, drochl orot hi azi d , spironol actone, epl ererone,

t ri am eemodingtthe BAlﬁSdie ,secplenmeit dlhe zesudtingamiciaioiqid pajuesass I&nasiim@ﬂhaﬂii’rﬁ&ef
mlrinone, or di II& a- bl ocker, such .as carvedi ol éggr ol ol ;

and/ or HAEH RBERY ?5%15‘?%5 I CORXFNHRLALLXPEREON VAR *?rpé%ql’r?ﬁr'i]%es R al so

i ncl ude f—@,té{ﬁlsodl | at or, such as: an angi ot ensi n-converting enzyne (ACE)

i nhi bi tor (e.g. captoprl |, enalapril, lisinopril, benazepril, quinapril,
fosinopril, or rampril); an angi otensin Il receptor bl ocker, such as
canbesal0038] i r beNhrtimatkenanabisisraanhe ubesktarimarove\ihg acentagyi of diskmesisandan, or

2011/ 03 130 p& ki3 Bretefie®ia' PRARIPL PRI IHLD B arsPragarsac ne.

O her f peprigle (BNPRdircled udea&cedmglmsb GBars £u31hrea@1da¢agiramttalsd y)ngrtemt dst&éorﬁubger y
can al so be perforned in appropriate cases. [0045] The efficacy of therapy

can be e RErEdVHVEIMPERelsy af gl Hlprdhit 1287 - 24PN haMa rhdhkeer s
such aSC&gﬁelﬁﬁ(’i rhé 3&55?‘%?(5%3&1(%%' 1. SEG geﬁ’{tJ %@%1 DAQEBEKRSS (A6HS) BSPO

BNP) ati ent mpared to a previous
gal Bt | mc&ts:«dmmge e@hvaimtmﬁam}teemmam ptdBND &N T-@nd BNRare nler etad én h)afartdarmMSe

i n gal ect centration relative nore pr.evio Iectl
concent ?‘éf{ ’ind)i%oq ﬂ”{“ﬁélefﬁ'étf‘?l ¢ 3 fFsyibo éwgﬁrﬁ]@ﬂ%‘?r?ﬁﬁreﬁ eztrh&aﬁg’[e

r espondigciPst Ardiad FIRAVHLAY. Dehet @é&)né&r MEAXAS MRBb A8 bE A% d B ARYse ﬁ‘@ﬁker
| evel s can be nonitored over tinme, such as i n sanpl es obtained Troma

pat i ent faglureamay aicluds en-polypeptidic cardlac markers such as sphingolipid, sphingosine,

sphingosine-1-phosphate, dihydrosphingosine and sphingosylphosphorylcholine (see U.S. Pat.
20  No. 6,534,322). When measuring the levels of the above markers, corrections for age and

gender may be incorporated to improve the accuracy of diagnosis.
Treatment methods

[0039] Patients whose galectin-3 levels identify them as candidates for cardiac

resynchronization therapy can be treated by implantation of a CRT device.

25  [0040] Traditional pacemakers include one or two electrical leads placed in the right
atrium, the right ventricle, or both, to pace their contractions. CRT devices include at least two
leads: one in the right ventricle, and one in the coronary sinus against the wall of the left
ventricle, to induce simultaneous contractions of the left and right ventricles. Often, a third,

sensing lead is placed in the right atrium to provide data to time the ventricular contractions.



10annual , binonthly, nmonthly, triweekly, biweekly, weekly, daily, or at
variable intervals. EXAMPLE: Gal ectin-3 and Cardi ac Resynchroni zati on

Ther apy MEOHED®31468udy Popul ation [0046] A clinical tri acramseablogsspati ents
with heart failure (HF) for at |east B weeks 15(New York Heart Associ ation
functional class Il or V), with evidence of left ventricular systolic
dysfunction and cardi ac dyssynchrony (as indicated by QRS wi dth greater
than or equal to 150 ns or echocardi ographi c dyssynchrony if QRS was

120- 149 nsec). The design and primary results of the trial are reported in
published literature [J. Celand et al., "The effect of cardiac

r esynchggdi @RTid@ﬂlc@d’lndmlhgl Stotnytend c@&ﬁﬁﬁ{ddtcysncrﬁbubﬁ f thef18ft labid gight WnER®s, J

Med. 2005 20Apr 14; 352(15):1539-49]. Al patients received standard

phar rracbmt@ésocfnwf@rﬂaqsyﬂmmgl widh rﬁgp%@ﬁgﬂ be eantsaction ohtherattin glharlggdrenrs epiinsttedr s,

beta bl g;ciéﬁuze d;ﬁgﬁxg@eéfr 8 é Snerdt 8‘{ frr]l?éﬁﬁrﬁe i tfie cl‘?éég%%é’ gfhe Eirﬁe,%]ﬂe? tﬁer zﬁﬂ&l”e”t

w th optl Ica al one or
r esynche@ttiaz@drsdiil thh%ﬁtpi}tleé @Rth)blodd, @le pﬂm’gelnaﬂaeir saﬁ?clmﬁfall aﬁ&tmcﬁntlgmﬂeafl Vi ng
CRT received an InSync(r)_ IIl1 CRT device (Medtronic Inc., M nneaﬁou{sd

cart an

in addi Ehedﬁmt”@letsh%ﬁn?‘ﬂﬁ&%?léG?Ridlzlﬁfﬁﬁéf’ﬁté 89‘?"@511111@?‘\@%169(1 from the
Atrlob|gﬁﬂﬁhg%%hﬁﬁgggﬁgagmﬂ@a?g§&gn with atrial pacing to prevent rates
a 0 be

sl ower at’s per mnu Right ventricle and left ventricle were
stinmul at ed sinultaneously. Echocardi ography was used to optim ze
at ri o- vEMHI] cul ar CR8l deyicas hregivhitablerivith @k wiithbhtow sstapiéd deffoaillstoo faresion.

atrio-v ntrlc | ar ot shorten the.atri al ent of the
"1 ow DR e 08 Siieltldisbnelih e Shnc e s s RB deh a0 16
Bl ood S@RHtDQEV&Q@AEb&@kﬂﬁﬂ§%@ﬁhﬁ§}ﬂﬁ&ﬂsdfﬁ%ﬂﬁﬁ%n&%ﬁ@hbﬂﬁﬂn@hn@]@ﬁd at 18
months. All sanples were stored at -80C. Laboratory anal ysis

5[ 004 8] permenieriarapidoireghlag htasbeitrag peynatethe heart ami Q@rrgﬂéfrtmm adathspetsackias;
asses S.?_ﬁery% r\]xghéllrtlb§£‘ £s .411;[ ﬁfcg E?{i f*orllls Slf”%ﬁg Rt (? Verﬁ 1lnnf:1%h|'yth\ﬁ§| t MA,

USA) . assay SEensi t St ‘concentra eren OM’Zero) was

0. 96 ngDrdeVlcbI&hﬂi ahocamﬁla hedktedisApsay theadblnaimzﬂmﬁytmraﬁadlgeﬁﬁg theaira®%heand 10 %
respectiveug.tStatisticaI anal yses
uni

opportunity to resume a more normal speed.

[0042] CRT devices are widely available from manufacturers such as St. Jude Medical
15 (Atlas® Il HF ICD, Atlas®+ HF ICD, Epic® HF ICD, Epic® Il HF ICD, Promote® RF CRT-D),

Boston Scientific (COGNIS®, Contak Renewal, LIVIAN™ ), Medtronic (Consulta™,

Concerto®, Maximo® II, InSync® Maximo®), Sorin Group ERM (OVATIO™ and

NewLiving™), and BIOTRONIK® (Stratos® LV and Stratos® LV-T).

[0043] Cardiac resynchronization therapy is optionally combined with one or more

20  other treatments for heart failure. For example, a patient may also be treated with: a statin,
such as rosuvastatin, atorvastatin, pravastatin, fluvastatin, lovastatin, pitavastatin, or
simvastatin; a diuretic, such as furosemide, bumetanide, hydrochlorothiazide, spironolactone,
eplerenone, triamterene, torsemide, or metolazone; an inotrope, such as dobutamine, milrinone,
or digoxin; a beta-blocker, such as carvediol or metoprolol; and/or a natriuretic peptide, such as

25 BNP.

[0044] Treatments can also include a vasodilator, such as: an angiotensin-converting
enzyme (ACE) inhibitor (e.g. captopril, enalapril, lisinopril, benazepril, quinapril, fosinopril, or
ramipril); an angiotensin Il receptor blocker, such as candesartan, irbesartan, olmesartan,

losartan, valsartan, telmisartan, or eprosartan; a nitrate, such as isosorbide mononitrate or



10[ 0049] Al I anal yses were perfornmed using SAS version 9 software (SAS
Institute, Cary, NC, USA). Logistic regression was used to assess the
associ at iwo 20f/en@Byt e | evel s and out conmes. Only pati ensTasopbet@son al |
covariates of interest in a particul as analysis were consi dered for
inclusion in that analysis. The two-tailed significance |evel was set to
0.05, and probability values |less than 0.05 were considered significant. 15
RESULTS Gal ectin-3 concentration over tinme in patients [0050] The nean and
standard devi ation of galectin-3 at baseline, which is defined as the tine
of enrollment in the study, and at 18 nonths after baseline are shown in
Tabl e 1jsbelrbide ditratBi SN MyHRAMzE1e0 WrhelYotBs dhakbdibAtintehen®dt {RALs had a
serum sanpl e avail able for gal ectin-3 20neasurenent at each tinme point;
Tabl e 1angieRlasy or ethgigurgery ean dbe bpperfarmed imppioRriaiarasesi n- 3 measur enent
avai l able. WD 2011/ 031493PCT/ US2010/ 046689 17 [0051] Table 1. Serum

gal ecti oncen | l.at | ' d at
73 mont NUSF T or D LREPARRSY Ry 0t I AR G g RRE e B0

i ndi cat eelonst sibmnd@rshudiews gileain-3. TGeleotinyd é¢vebf andAfr ioétet bionwokdratbusieaum

sanp] es | ecti n3 nmeasurenent is also indicated in the Table for each

h
tinme poﬁvﬁ?g aﬁ%&‘gmswed ip2: G 1R [Paticht anq enghs counrerer PARTBHPY S not
recei vecGRInBazalhdtul8 idme a8, N ilkreh T red8 18 ohBe@-300AThhdH 22]

relative to one or more previous galectin-3 concentrations in the patient may be an indication
that the patient is responding or not responding to cardiac resynchronization therapy. Marker
levels can be monitored over time, such as in samples obtained from a patient at annual, semi-

10 annual, bimonthly, monthly, triweekly, biweekly, weekly, daily, or at variable intervals.

EXAMPLE: Galectin-3 and Cardiac Resynchronization Therapy

METHODS
Study Population
[0040] A clinical trial enrolled patients with heart failure (HF) for at least 6 weeks

15 (New York Heart Association functional class III or IV), with evidence of left ventricular
systolic dysfunction and cardiac dyssynchrony (as indicated by QRS width greater than or
equal to 150 ms or echocardiographic dyssynchrony if QRS was 120-149 msec). The design
and primary results of the trial are reported in published literature [J. Cleland et al., “The effect
of cardiac resynchronization on morbidity and mortality in heart failure.” N Engl J Med. 2005

20  Apr 14;352(15):1539-49]. All patients received standard pharmacologic therapy including
angiotensin converting enzyme inhibitors, beta blockers and diuretics. Patients were randomly
assigned to treatment with optimized pharmacological therapy alone or combined with cardiac
resynchronization therapy (CRT) in an open-label manner. Patients receiving CRT received an
InSync® III CRT device (Medtronic Inc., Minneapolis, MN), in addition to their background

25  pharmacological therapy. Atriobiventricular pacing was used, with atrial pacing to prevent
rates slower than 60 beats per minute. Right ventricle and left ventricle were stimulated
simultaneously. Echocardiography was used to optimize atrio-ventricular delay using the
mitral inflow signal. The shortest atrio-ventricular delay that did not shorten the atrial

component of the inflow signal was considered optimal.



Month 18 26.4 (10.6) ng/nmL [N=84] 26.8 (10.5) ng/nL [N=75] 5[0052]It is
observed from Table 1 that the nmean serum gal ectin-3 concentration in

pati ents wbaodiid1498t receive CRT is identical at basel i reTarsdoid®4668nt hs
after baseline, whereas the mean serum gal ectin-3 concentration in patients
who did receive CRT decreased between baseline and 18 nonths. Gal ectin-3
concentration over tinme in patients, and adverse outcone 10 [0053] The
frequency of an adverse outcome, nanely death or unplanned hospitalization
for heart failure within 18 nonths after baseline, was investigated for the
10 patients who experienced the greatest reduction of serumgal ectin-3

bet weenphagehmpBn@and 3 nonths after baseline. It was observed that out of
the 10 patients wth the greatest reduction in galectin-3 | evels between
baseline and 3 nonths after baseline, 6 of these patients (60% 15suffered
t he advHI042] out conrerusy sagplesHvae dryapitbasaling: atdrind o 1Hawnthst Allisgmalegmiers n 18
mont hs gf haseljope. In contrast, of the other patients with a serum

gal ectin-3 val ue at baseline and at 3 nonths after baseline and avail able

i nformation on adverse outconme, 81% (128 patients out of 159 patients)

suf f er eHabdrgtopdamiwe out come of death or hospitalization for heart failure
at 18 nonths. WD 2011/031493PCT/ US2010/ 046689 18 (Gal ectin-3 concentration
at basel| in patjents r.ecejving. are associated with adverse .outcone
o050 HHIEL' Oy aPrEahIRGST RLelrTne kel ot b B tblro el A S

si gni fi ERIBA Kita&3Aedtat Baks¥; HG MRlidihS incQ W atiRHD BEAUEOA ) aUNECAS Sy QLR
nanmely death within 18 nonths or 5hospitalization within 18 nonths, in

pat i ent SOWhY cpeqeafrgiéen GRFrenTEpmezero)yedsdW? g pilaystra-Haddpterpysay giriagions
statistjcal I S&d, C_Ledr, ion. analysis to assess the associati on between
baselinggggF%cg%%g%2%%§@g§%§g§gg%y‘adverse out cone. For details on the
techni que of logistic regression, see e.g. David W Hosner and Stanl ey
Lenesho$iatidial edlysdeogi stic regression (New York: Wley, 2000). In the

anal ysis, data frompatients with a baseline galectin-3 |levels greater than

10 [0049] All analyses were performed using SAS version 9 software (SAS Institute, Cary,
NC, USA). Logistic regression was used to assess the association of analyte levels and
outcomes. Only patients complete on all covariates of interest in a particular analysis were
considered for inclusion in that analysis. The two-tailed significance level was set to 0.05, and

probability values less than 0.05 were considered significant.
15 RESULTS

Galectin-3 concentration over time in patients

[0050] The mean and standard deviation of galectin-3 at baseline, which is defined as
the time of enrollment in the study, and at 18 months after baseline are shown in Table 1 below,
by intervention group. Note that not all patients had a serum sample available for galectin-3

20  measurement at each time point; Table 1 presents results for all patients with a galectin-3

measurement available.

25



1030 ng/ nmL were placed into one group, and data from patients w th baseline
galectin-3 levels less than or equal to 30 ng/nL were placed into a

separ at e Woaop/o3k4v3addi tion, the left ventricul ar end systralsceowaicane
(LVESV) for each patient was also considered in the statistical nodel as a
covariate; as such, only the 98 patients who had neasurenents of both

vari abl es at baseline are able to be included in this analysis. Patients
who received a CRT and who had a 15 baseline galectin-3 | evel above 30
ng/ mL had an approximately three tines higher odds of death within 18

nont hs or hospitalization within 18 nonths conpared to patients who

recei veppod1CRT angtapha. BaghndodagRl3 behcBidfiohk (indarl AMekand@gisdel h@bn Pt equal
to 30 ng/nL. [0055] Table 2. Results of |ogistic regression analysis for the
endpoi nbasstinejenskas 1 rrnontllrﬁoﬁkﬂrbaﬂeﬂlzathyantewempmglfpapn&wrrwrs n@pargygiesesnt s who

rb:ggi :’ﬁgldggrr g%ga% Eﬁ%tdeglatlﬁg n@gér Slgrélhgfl o?flpaéejﬁé) &ﬁ# %15_51 Xe%%aﬁlg es %1?1 #I%E—SV i s
rel ative nte@sﬂrbmelgn@ulpo wididatddMESW Tads fdrieach @ﬂhe@thnd grodP0 nL. Vari able

Odds Ratio and 95% confi dence interval (95% Cl) P-val ue Baseline Galectin-3
> 30 ng/w—3-31 (95%CH—1.17-9 32} 0 024 Baseline LVESV > 200 i 2 81 (95%

Ci: 0. Bo-7.93) 0. 051/ p0, 20144 RI4IPARY USPDRYIARSEAD1S LRl eIk P
concenfrations at base Ine are signirti cant | y aSSOCI ate out conme anong
pat| ents \vnvhg recei V- CRF h||f not an‘nnn naf ents \Ahn rh rl nnf recei vel CRT

[0056] }égs%/?lﬁsobser ve 2§ 8?}4 g))a g‘?mtnﬁ\lglafzﬁcu 2(‘?’.8?§.§}’1§%/&%”ﬁ%21£25}ti on was

signif

Month 18 26.4 (10.6) ng/mL [N=84] 26.8 (10.5) ng/mL [N=75]

5  [0052] It is observed from Table 1 that the mean serum galectin-3 concentration in
patients who did not receive CRT is identical at baseline and 18 months after baseline, whereas
the mean serum galectin-3 concentration in patients who did receive CRT decreased between

baseline and 18 months.

Galectin-3 concentration over time in patients, and adverse outcome

10 [0053] The frequency of an adverse outcome, namely death or unplanned
hospitalization for heart failure within 18 months after baseline, was investigated for the 10
patients who experienced the greatest reduction of serum galectin-3 between baseline and 3
months after baseline. It was observed that out of the 10 patients with the greatest reduction in
galectin-3 levels between baseline and 3 months after baseline, 6 of these patients (60%)

15  suffered the adverse outcome of death or hospitalization for heart failure within 18 months of
baseline. In contrast, of the other patients with a serum galectin-3 value at baseline and at 3
months after baseline and available information on adverse outcome, 81% (128 patients out of
159 patients) suffered the adverse outcome of death or hospitalization for heart failure at 18

months.



associated wth the risk of a subsequent adverse outcone, nanely death
within 18 nonths or 5unpl anned hospitalization within 18 nonths of

basel i ne,wonopasi#®at s who recei ved CRT, but not in pati enTaSeo/odieds not
receive CRT. Table 3 below displays tBe results of a statistical logistic
regression analysis to assess the associ ati on between basel i ne gal ectin-3
and subsequent adverse outcone. This analysis was perforned separately for
patients who received CRT, and for patients who did not receive CRT. For
details on the technique of logistic regression, see 10 e.g. David W
Hosnmer and Stanl ey Lenmeshow, Applied |ogistic regression (New York: WI ey,
2000) . Galettie 32BAtNERGen Sdtadelfne G RAINkLRES viis IR PaRaSQlcida@] §ith 8Gdrde- 3

| evel s greater than 30 ng/nL were placed into one group, and data from

pat i ent Quigpme pasel i ne gal ectin-3 levels less than or equal to 30 ng/nL
were placed into a separate group. In addition, the left ventricular end
systoli unme ( J AY: J 0k

stati st (?éfﬁj nodel g\%?wgs%%do@gf&g?@é ga %flﬁseﬁﬁggﬁ%gﬁéﬁg{‘g%s% tllg&g]fﬂyt hese
anal ysesssodihted evithethe riSI8oy albsadicat ghterse pusomwepnansd ¢ idvah walRin 1O monthemr 22
(22.4% of 98) exper.ienced an adverse outcone of death or hospitalization
wi ¢ Hin HesPHERAIHEN withalt &S Meps o8 Rageiitu PéCCﬁa‘iefi&ﬁﬁ tﬂ%eaibalowo@wﬁ Ve CRT,

of whomZo1{ A0 A8Akal 963 (RAREILEBLSIAR RULELS AU LORE: BliARA Al

hospitalization wt 8 s. 20 " WD 2011/ 031493PCT/ US2010/ 0466%9 20

[ 0057] Tedleain33 aRksbk¢gient advege sticomee fpeddiibrorathaltecbiisiué of logheic eegigrsiont  of
death or hospitali ion wthin 18 nont hs,, analyzed separate fgr .patients
Who. r eceeet e Wh 8P i Maflex Pame e Aealee Labro bR ey Fauds 1 or
gal ecti wyifkyi 20008! B ﬂh\é%.nzil?si&,hﬂta&"r&ﬁ%amrﬁbwhﬁ%@ahé}_ﬁie%@16@&15—'3rlev%lé Assef fian oOr
equal to 38 ng/ m.; odds ratio for LVESV is relative to the 5 group with

LVEBY | 8dsg/nHawetsrplacgdantotope 200 pnand damafrp@imagienip ovithdweslinegaleRm-Pdevednt s who
did not 158 6h bF eqcl:lRa-lr to 30 ng/mL were placed into a separate group. In addition, the left

ventricular end systolic volume (LVESV) for each patient was also considered in the statistical
model as a covariate; as such, only the 98 patients who had measurements of both variables at
baseline are able to be included in this analysis. Patients who received a CRT and who had a
15  baseline galectin-3 level above 30 ng/mL had an approximately three times higher odds of
death within 18 months or hospitalization within 18 months compared to patients who received

a CRT and who had a baseline galectin-3 level less than or equal to 30 ng/mL.

[0055] Table 2. Results of logistic regression analysis for the endpoint of death or
hospitalization within 18 months, for patients who received CRT. Odds ratio for galectin-3 is
20  relative to the group with baseline galectin-3 less than or equal to 30 ng/mL; odds ratio for

LVESYV is relative to the group with LVESYV less than or equal to 200 mL.

Odds Ratio and 95% confidence
Variable P-value
interval (95% CI)

Baseline Galectin-3 > 30 ng/mL | 3.31 (95% CI: 1.17-9.32) 0.024

Baseline LVESV > 200 mL 2.81 (95% CI: 0.99-7.93) 0.051




Vari abl e Odds Rati o and 95% confidence interval (95% Cl) P-value Odds Ratio
and 95% confi dence interval (95% Cl) P-value Baseline Glectin-3 > 30 ng/nL
3. 31 (95%0I201110314939. 32) 0. 024 2.92 (95% Cl: 0. 99- 8. 54) POTAB01BASERI ne
LVESV > 200 nL 2.81 (95% Cl: 0.99-7.93) 0.051 3.96 (95% Cl: 1.38-11.38)
0.011

Galectin-3 concentrations at baseline are significantly associated with outcome among patients

who received CRT but not among patients who did not receive CRT

[0056] It was observed that baseline galectin-3 serum concentration was significantly
associated with the risk of a subsequent adverse outcome, namely death within 18 months or
5 unplanned hospitalization within 18 months of baseline, in patients who received CRT, but not

in patients who did not receive CRT. Table 3 below displays the results of a statistical logistic
regression analysis to assess the association between baseline galectin-3 and subsequent
adverse outcome. This analysis was performed separately for patients who received CRT, and
for patients who did not receive CRT. For details on the technique of logistic regression, see

10  e.g. David W. Hosmer and Stanley Lemeshow, Applied logistic regression (New York: Wiley,
2000). In the analyses, data from patients with a baseline galectin-3 levels greater than 30
ng/mL were placed into one group, and data from patients with baseline galectin-3 levels less
than or equal to 30 ng/mL were placed into a separate group. In addition, the left ventricular
end systolic volume (LVESV) for each patient was also considered in the statistical models as a

15  covariate. Table 3 presents the results of these analyses. There were 98 evaluable patients who
received CRT, of whom 22 (22.4% of 98) experienced an adverse outcome of death or
hospitalization within 18 months. There were 96 evaluable patients who did not receive CRT,
of whom 29 (30.2% of 96) experienced an adverse outcome of death or hospitalization within

18 months.
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[0058] It was found that only anong patients who received CRT was baseline
galectin- 3 statistically significantly associated wth the adverse outcone
of deat h wo 2bmgBi49al i zati on within 18 nonths with the preTaseaioii@ds
statistical significance |evel. Baseliine galectin-3 in the 10 group of
patients who did not receive CRT was not significantly associated with the
sane adverse outcone endpoint at the prescribed significance |evel of |ess
than 0.05, and the 95% confidence interval in that group overl apped the
null odds ratio value of 1, or unity. CRT is associated with reduced event
rates overall but with a larger reduction in patients wth higher

Gal ect i [0087F oncenfrablel N Resuld2f (OB} TBeretMidDaTalR1s PatHe@ntoihiofeReth #f four
categori es who experienced an event of death or unplanned hospitalization

for heahespitaiizatioe withimi hmegthspehged sepaesdy iferepatignts wiwareesi vd GIvT Tabfes 4

bel ow. [ Sk i ’ i from. S i ne bl ood
sanpl e Py B SeSFtBEE . OB ER for BRI REARK LRROSSRE SR
successbaskliye fotdtiaves§ dan dBequalio?dgd/B8.1 BRGITS HFIONIS V46688 ve 1o aent hs
such_that the endBoi nt of death or unplanned hospitalization for heart

f ai 1Ur eSAPP VIR BERY desidhagronsgud|p 480 8dul d be ascertained. [0060] Tabl e 4.
Nunmbers of patients, by CRT treatnent and gal ectin-3 category. The

nunber [and _per cent aqe oT ev_ent SIS Indicated 1n each cell QT t_ne [_aDI e. The
event |n this table|ipgi&ehhpedepsddadt h or | paphaniesdigspideaive ¢atr on for
heart failure within I8 nonths of baseline.| Patients who received CRT
Pati ents—who did not receive CRT Baseline Galectin-3 > 30 ng/m Events:
10 No events: 20 Odds Ratio and Odds Ratio and
Variable 95% confidence P-value 95% confidence P-value
interval (95% CI) interval (95% CI)
Baseline
3.31 (95% CI. 2.92 (95% CI:
Galectin-3 > 30 0.024 0.051
1.17-9.32) 0.99-8.54)
ng/mL
Baseline LVESV | 2.81 (95% CI. 3.96 (95% CI.
0.051 0.011
> 200 mL 0.99-7.93) 1.38-11.38)
[0058] It was found that only among patients who received CRT was baseline galectin-

3 statistically significantly associated with the adverse outcome of death or hospitalization

within 18 months with the pre-specified statistical significance level. Baseline galectin-3 in the
10 group of patients who did not receive CRT was not significantly associated with the same

adverse outcome endpoint at the prescribed significance level of less than 0.05, and the 95%

confidence interval in that group overlapped the null odds ratio value of 1, or unity.

CRT is associated with reduced event rates overall but with a larger reduction in patients with

higher Galectin-3 concentrations

15 [0059] The number of patients in each of four categories who experienced an event of
death or unplanned hospitalization for heart failure within 18 months of baseline is enumerated
in Table 4 below. This table includes all patients from the study whose baseline blood sample

had a galectin-3 baseline concentration value, and who were successfully followed for 18



Per cent age experiencing event: 10/(10+20) = 33.3% Events: 12 No events: 16
Per cent age experiencing event: 42.9% Baseline Galectin-3 < 30 ng/nL Events:
15 No evewoD=11881498r cent age experienci ng event: 18. 5% EPemius2018044489 event s:
55 Percent age experiencing event: 27.8% [0061] As may be observed from
Tabl e 4, patients who received CRT exhibited a decreased event frequency
conpared to patients who did not receive CRT. It is noted that in the | ow
gal ectin-3 group, nanely patients with baseline galectin-3 levels < 30

ng/ m., the 1l0absolute reduction in event frequency was 9. 1% (27. 6% m nus
18.5% . In the high galectin-3 group, nanely patients with baseline

gal ect i Rrodths 8M&H thatthdEndidirtlof dediB onbgMhited hogsltigizath foPh&ventlufevatigngy was
9.6% (42.9% m nus 33.3% . These data likely indicate that higher baseline
gal ect i mosthy &f basslinglequld by agsgttpigpd.s who exhibit a | arger benefit from CRT,
because the 9.6% reduction in the higher baseline galectin-3 group is

w0 20111 98T hozperollSch SHTELRY flel Nrt RIS alFEP Ll g dons? ShOuP
number and percentage of events is indicated in each cell of the table. The event in this table is

5  defined as death or unplanned hospitalization for heart failure within 18 months of baseline.

Patients who received CRT Patients who did not receive CRT
Events: 10 Events: 12
No events: 20 No events: 16

Baseline Galectin-3 >

30 ng/mL
Percentage experiencing Percentage experiencing event:
event: 10/(10+20) =33.3% 42.9%
Events: 15 Events: 21
No events: 66 No events: 55

Baseline Galectin-3 <

30 ng/mL
Percentage experiencing Percentage experiencing event:
event: 18.5% 27.6%

[0061] As may be observed from Table 4, patients who received CRT exhibited a

decreased event frequency compared to patients who did not receive CRT. It is noted that in
the low galectin-3 group, namely patients with baseline galectin-3 levels < 30 ng/mL, the

10 absolute reduction in event frequency was 9.1% (27.6% minus 18.5%). In the high galectin-3
group, namely patients with baseline galectin-3 levels > 30 ng/mL, the absolute reduction in
event frequency was 9.6% (42.9% minus 33.3%). These data likely indicate that higher
baseline galectin-3 values identify patients who exhibit a larger benefit from CRT, because the
9.6% reduction in the higher baseline galectin-3 group is greater than the 9.1% reduction in the

15  lower baseline galectin-3 group.



[ 0062] The entire disclosure of each of the patent docunents and scientific
articles referred to herein is incorporated by reference for all purposes.
EQUI VALENYE 2611/3083] The i nventi on rmay be enbodi ed i n ot Irem/usp@oiofiécss f or ms
wi t hout departing fromthe spirit or 2ssential characteristics thereof. The
f oregoi ng enbodi nents are therefore to be considered in all respects
illustrative rather than limting on the invention described herein. Scope
of the invention is thus indicated by the appended clains rather than by

t he foregoing description, and all changes that cone within the neaning and
range of equival ency of the 10 clains are intended to be enbraced therein.
[0064] What is clainmed is: IN(DRPORAOGOMBYREMISEON0E£046689 23 CLAIMS 11. A
met hod of assessing a human candi date for or treated with cardiac
resynchronization 2 therapy, the nethod conprising neasurln% a galectin-3

bl ood cHI08&ht r at i dhe pHirg disglopiie of pash dtthepHetelecumnents apd sa@tfsrEidssne t he
pfesencf‘efé}%edat%%fé%sq}ic GH8P § gfo Fﬁn@é P&%@gﬁgﬁ@&faU on 4indicative of

responsi veness to, gnosl OW ng, rac resynchroni zation

t herapy 12. The nethod of claim1l, wherein the human is a candidate for
cardi ac resynchroni zati on 2t her apFQUIYALENETSet hod of claim 1, wherein the
human has been treated with cardiac resynchroni zation 2therapy. 14. A

et hod RfsdP™ O TROintEN ORI BE cRboREL T SRS Bl rIFRWitlodt bepafing FrSm A"
the spirit or essential characteristics thereof. The foregoing embodiments are therefore to be
considered in all respects illustrative rather than limiting on the invention described herein.

Scope of the invention is thus indicated by the appended claims rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

10  claims are intended to be embraced therein.

[00064] What is claimed is:



2 cardi ac resynchroni zation therapy, the nmethod conprising nmeasuring a
gal ectin-3 blood 3 concentration in a sanple fromthe human, thereby to
det er m newOhelpBe®dnce or absence of a 4gal ecti n-3 bl oo#Crarse@nis@@sd on

i ndi cative of the devel opnent or prog3ession of heart disease. 15. The
met hod of claim4, wherein the initial sanple fromthe human is taken at
the time a 2cardi ac resynchroni zation device is inplanted. 16. The nethod
of claimb5, further conprising taking at |east one additional sanple from
the 2 hunan at a tine after the initial sanple is taken, neasuring a

gal ectin-3 bl ood concentration, 3and conparing the gal ectin-3 bl ood
concentration of the at |east one addiaiwsal sanple with the 4gal ectin-3
bl ood concentration of the initial sanple. 17. A nethod according to any
one pf {ha abaye oPés@és"s*ﬁyg IRBRRT AnbiSe I8N oot Wi 8£88iab ké%?ﬁ'e_hr@ni%ﬁfdﬂm or

pl asma. 18. A nethod of ‘treating a human conprising inplanting a cardi ac
r esyhc htherdpy athe orethdseqoapyisigavéaseringa galpetin-2 htood gvhgegtratietetney saimpdaifrom

|l egctip-3 bl tratiop indicati f 3 ' to the device.
%6, “helideRl GeeBr i s P b e rdrrit tra® e £f SRRROEL EBRER 2bfintdfong < ne
pat i£nt ingli@al @6t lefpohskBh@9 b, &9 ﬁﬁ%ﬂbsﬁ@f&l@ﬁzi@%Tc@ﬂdidch@s_ﬁ@ﬂﬂoﬁ&aﬁ@n iheRipgnt ed.
a

110. A nethod according to any one of the ove cl ains wherein

responshVeRL AR (HoAMRI13R8S, ¥hbrR @Y RHmAH V4 ¥ldidateSlP bard AR k&Y R&Honization
hospitalizations for worsening heart failure, 1nproved 3héart strength,

decrasthdrapat i gue, reduced shortness of breath, or reduced sl eep apnea.

1 3. The method of claim 1, wherein the human has been treated with cardiac resynchronization

2 therapy.

1 4. A method of monitoring development or progression of heart failure in a human treated with
2 cardiac resynchronization therapy, the method comprising measuring a galectin-3 blood

3 concentration in a sample from the human, thereby to determine the presence or absence of a

4 galectin-3 blood concentration indicative of the development or progression of heart disease.

1 5. The method of claim 4, wherein the initial sample from the human is taken at the time a

2 cardiac resynchronization device is implanted.

1 6. The method of claim 5, further comprising taking at least one additional sample from the

2 human at a time after the initial sample is taken, measuring a galectin-3 blood concentration,

3 and comparing the galectin-3 blood concentration of the at least one additional sample with the
4 galectin-3 blood concentration of the initial sample.

1 7. A method according to any one of the above claims, wherein the sample comprises blood,

2 serum or plasma.

1 8. A method of treating a human comprising implanting a cardiac resynchronization therapy
2 device in a patient having a determined galectin-3 blood concentration indicative of

3 responsiveness to the device.

1 9. The method of claim 8 comprising the additional step of monitoring the patient's galectin-3

2 blood concentration after the device is implanted.

1 10. A method according to any one of the above claims wherein responsiveness comprises
2 improved survival, fewer unplanned hospitalizations for worsening heart failure, improved

3 heart strength, decreased fatigue, reduced shortness of breath, or reduced sleep apnea.



WO 2011/ 031493PCT/ US2010/ 046689 24 111. A nethod according to any one of

t he above cl ains wherein the cardiac resynchroni zati on 2t herapy device
further cwoppilgsss9a defibrillator. 112. A nmethod accor dipog/useoianyssene of

t he above clains, wherein the patient24has a gal ectin-3 2 bl ood
concentration determned to be within a target range. 113. A nethod
according to any one of the above clains, wherein the patient has a
galectin-3 2 blood concentration deternm ned to be above a m ni num

threshol d. 114. The nethod of claim 13, wherein the minimumthreshold is
nore than 10 ng/m . 115. The nethod of claim 13, wherein the m ninum
thresholld Asn&BéIeRBrdifs @Nthybae BGIHH abotd BlainldWhdteinBElcQlia€ ket idhkshizaar ei n
the mininmumthreshold is between 15 and 20 ng/m . 117. The nethod of claim
13, “Zhetherapydgeicafythen gompriws aslefibiidatpet ween 20 and 25 ng/m . 118. The

met hod of claim 13, wherein the mninmumthreshold is between 25 and 30

ng/ M . 12.9A mi¢thodratchutingfo anlyainmof 8ie abhes drmst. hiergimihmpati¢ritheshghldeting3 nmor e

than, 30_ng/m . 120, A neth ding t f the ab | ai ns, wher ei
e at PRHY Chie s WRF RS GPESA0H RGhATISL | on et erm ned to. be. bel ow a

maxi mthreshold. 1 21. The nethod of claim 20, wherein the maxi nmu
t hr ﬂoﬂ% Agnﬁﬁ?fgwc‘?@%%mny ope Qétheﬁﬁevwﬁmw ereg) the prognt hamg@rﬂﬁlﬁe

”BXiZTU”bIToBH%é&%Gaticﬁl &%r&%e@% RYaBbve dlmfdmut @rd¥Réig0od of claim 20, wher ei n
the maximumthreshold is below 40 ng/m. 1 24. The nmethod of claim 20,

wher iPli.hg}’lé‘%glr%‘gﬁk{%rgﬁgh%ﬂer&% tﬂﬁh‘ﬁ‘ﬁﬁ@@&g@ﬂ@d‘i?nﬁ% %n é(}] crj& . The met hod

of ¢ ﬂ.lmZ uheret ! Xl mum t reﬁ et\r/]veenh I ng/m. 1 g
26. T i : I ej [ . [ 20
25 gt i e O B 38 whOE Ikt RS nRERE Rk R BERET s

bet V\Fen 1(:)]'.5T enr?let (())d r(])?{: aim 13, wherein the minimum threshold is between 15 and 20 ng/ml.

1 17. The method of claim 13, wherein the minimum threshold is between 20 and 25 ng/ml.
1 18. The method of claim 13, wherein the minimum threshold is between 25 and 30 ng/ml.
1 19. The method of claim 13, wherein the minimum threshold is more than 30 ng/ml.

1 20. A method according to any of the above claims, wherein the patient has a galectin-3 blood

2 concentration determined to be below a maximum threshold.

1 21. The method of claim 20, wherein the maximum threshold is below 70 ng/ml.

1 22. The method of claim 20, wherein the maximum threshold is below 60 ng/ml.

1 23. The method of claim 20, wherein the maximum threshold is below 40 ng/ml.

1 24. The method of claim 20, wherein the maximum threshold is between 30 and 40 ng/ml.
1 25. The method of claim 20, wherein the maximum threshold is between 25 and 30 ng/ml.

1 26. The method of claim 20, wherein the maximum threshold is between 20 and 25 ng/ml.

1 27. The method of claim 20, wherein the maximum threshold is between 15 and 20 ng/ml.



