METHODS AND SYSTEMS FOR ASSESSING CLINICAL OUTCOMES CROSS-REFERENCE
10001) This application olefins the benefit of U.S. Provisional Application No. 61/039,721, filed 5March
26, 2008, which application is incorporated herein by reference. BACKGROUND OF THE INVENTION
10002] Conventional methods for assessing a patient's clinical outcome are primarily based on
clinicians' judgment and past experience. The conventional methods generally involve laboratory 10
tests, patient surveys and office visits at isolated time points, all of which are not sealable for a time
series analysis, especially for one that tracks or predicts the trend of a patient's clinical outcome in real
time. Intrinsic to the conventional methodologies is the profound drawback that a relatively small set of
information such as a single clinician's personal preference is taken into consideration in reaching a
clinical decision. As such, under the existing medical system, patient care becomes 15increasingly
difficult when multiple variables are involved. In particular, there lacks a system and method to effect a
multi-dimensional analysis in which a large set of biomarkers are used to aid in the diagnosis,
prognosis, and treatment of A*ERP4PShREHRESSPRATHESIG " ANE 2 BeGHYA of a clinical trial. 100031
Multivariate statistics are generally concerned with determining a statistical distribution of 20 an
outcome or a series of outcomes based on MItBIEVATADIEs. Inherent] most (medical conditions and
. 1] This application cleims the benefit of U.8. Proyisionsl Application No. 49,721, Tiie .
treatments are multivaifate SH&s IRE EsHibEtes eg}f the’ physiclogy. The disCoveries of a vast number
of disease biomarkérs Bhd the etabifRment o rﬁtnlg?ﬂ?izeﬂa gﬁealytic systems have made a new
paradigm of patient care that snakes mg!@@&g{g{mﬁﬁ@gﬁ@p A desirable new paradigm would
provide rapid access tq information characterizing, clinical. aHicome. and dhen.automatically 25linking
that information througf) customized communication.channels.se.hatkihe.desitgd medical actions
(adaptive dose ranging,linigal.dscision.makinganehsQ.ferih) can heperormedsAlso desirable is the
ability to integrate inforgmation.{ram.an dndividuals-hlaaditests withatherspbysialagically relevant
factors, and present thakinformationdn.aneatienablafammirbhesechrolagy-aescribed herein satisfies
these needs and provides selaisahadvaniages asiume -3t hMMARMGEchidkdNVENTION 100041
The present invention previdesaidnedicakinfarmeate rsystensfgnsubjectdataranalysis. In one aspect,
a system of the preseniirueitionds-pakislasipuselubier Ravane ng:the futureef blood testing and
data analysis. For examgle «dthir-systenmean:bepart oftaminteglttednrastsuature built around
real-time, point-of-careigonsumenplocd meoritohingidevicesrwhichanatyzéeesmall blood 35sample
(e.g., 500 ul, 50 ul, 25 dlit®idl or even less) and wirelessly transmit that information to a database
which integrates real-titidtirwith s tdre warbiontdispdrated-saydebs (ateht record, genetic/
genomic informatiof, daa'fentT PRGN trrs it Bie canti fepvstshP-f A& system then allows for
the automatic applicatiot GrrAtHvAL St it fithrRrsi AT TR HEMRHUE t tHE" Pta repository to
perfonn specific commaHis Gi-tas Kemesy Hhap i redrnE R IPEFETANTIENNS in the context of the
pathophysiology of a gRiEFHigEAREsHUHSSIo00B] 1H AR5t AEPEE % By4im of the present
invention can be used {8 FSV@*”ﬂf‘é“fé‘B@f°b“f‘ﬁéf8‘Fﬁ“gz§gtW‘6°ﬂ° T RAEDIVECHRIES studies which
. .25 i at information through cystomized communication chatfiels so that the des medicgl .

generate publicatiofis fo’f‘f’fﬁ el’“éxgansmr'i‘é?or new m@’ca‘ilonfs, Eatlenﬂf f5u'E)‘(';"bopG‘latlons, and for

ctions { 0S¢ 1 , clinical dec] g and so forthi} can be performed. Afso . . .

ome, real-time blood monitoring

ameliorating safety contorns. Fhe develspment of SUCH a System for.
h . ifi 9 X y| ,&seara e is the Eiiinm\{ntegxgermgmatg Yot an sf%w)ﬁﬁ &moat 3 with ot h X ilabl
as significant implicatigns, whie m;%m?}’:}élg@%};?m%ﬁ!l echiniprmation woigh 1s,Qtherwise not available

thro ug h the use of the %%Qé{oeg}n flxg)c:rl]baali J;%Q&E,@Jﬁ%{ cgce x%gépxgd provides related advantages as well.

30 SUMMARY OF THE INY ENTION
[6004] The present invention provides a medical information system for subject data analysis. In
one aspect, a system of the pragent invention is particutarly useful for advancing the fiture of blood
testing and data analysis. For example, the system csn be part of an integrated infrastructure built
around real-time, point-of-care consumer blood monitoring devices which snatyze a siall blood

35 sample {e.g., 500 ul, 50 ul, 25 ul, 10 ul or even less) and wirelessly transmnit that information fo a

database which integraies resl-time data with stored data frotn disparate dalabases (patient record,



to[0006] The medical information system typically comprises (a) an input device for receiving subject
data and in communication with a processor, (b) storage unit in communication with the processor
having a database for: (i) storing data corresponding to a probability space defined by a set of discrete
clinical outcomes, each of which is characterized by statistical distribution of at least one biological
marker; and (ii) storing subject data corresponding to the at least one biological marker; Is (e) a
processor that calculates the position of said subject data in said probability space as a way of
assessing the probability of a discrete clinical outcome of said subject; and (d) an output device that
transmits information relating to the discrete clinical outcome of ¢) to an end user. [0007] Non- limiting
clinical outcome that the system is adapted to predict can be selected from the group consisting of but
not limited to: complete response (CR), partial response (PR), stable disease 20(SR),
non-response(NR), adverse drug effect (APR), and drug toxicity. In using the medical infonnat tort
system, the end user can be a medical personnel or the subject himself or herself. In some instances,
the end user is from a Eﬂ‘f%i?’r‘f?&t‘f'éﬂ‘ﬁ’ﬁﬁli??(ﬂ‘?‘?f)‘%fh’?‘.ﬁ"fb’ﬁ?@(ﬁpﬁ‘“d’ﬁ‘&“ﬁ?éséﬁ;?ﬁév BroERssor of the system
calculates the position Bl s&Id <tiBfE RSt LY OB ABT SPACE BE U WaY of assessing the
probability of a discretd SRIAPBUtBIS OF LAY jebt” ?‘3’[% Y8 A ancther dspect, the input device
of the system comprises B {odch ECreeh ]Wi“e’i"’émbf‘é“sffraéw the. inpyt system gan.gomprise a data entry

the present nvenfidn can b TOVE t

portal or a keyboar&. Tﬁé’sébyh;?“i%cfﬂpae?ﬁ iﬁéﬂbmlrmilsg Intg, r;:3&9ce§_3§(()a]rglbtezpémor.tra&r,lrggnltted as an output by
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the system can be textiigl, AUMeNc o 3 catedory, Wisre desired. e igxiuabar.numeric information s
solicited from the end yser.1A01 0L NS00I nsianees:4he subiest dalase present measurements of the
at least one biological 3Q.marketNasent 0 Akadily.fiuiddr somne.Rsianses. g measurements are
obtained by a pointypfcgsg,; devicgdhatisiapatated.hydhasubiest Ihe measysements can be taken at
various time points to yigig adraiecian:withindtha.piebahilily. spacemmiharainesaid trajectory represents
a nine series of the assessed:clinicalLuicomanthaxdasiaus time/poiniscanaoyeea period of less than
or about 24 bows [001}{r-appihrmaspeet dhemedicatiaformationsyste mcemprises an output
device having an 35 auiesmaticatent sysiemwkieautematcalengysiemogamipe:programmable by the
end user. Where desired; the-automatie alerisystemuigcprogrannmable rased-onta predefined protocol
for a clinical trial. In arether @spettivtiieoutpit dbvive: ofth etysteEld trarshiitsedelected portions of the
subject data and the probabitifyspackin résporsdrdet imstraetivns fbrrthe end user. In yet another
aspect, the informationi@iharmiteises Hpdhersutputeevies Tersheppte Tkt &idther aspect, the
information transmittedey erbitibttt S repriesentg AT aggssnigtto bt ¢ifical outcome of said
subject at a 5single?timERp et THE T O TARS A A TE T ety e st g&ice can represent a time
series of the assessed A B BTE “TOUIZ I ST ERotHEF HEpERE thE AUt device and/or the
output device of the syStEHTEBMPHEEES fReEF RS AT can remotely access the network. [0013] In
yet another aspect, the' e diea RS AaHE & SN COmprices A hefork:LBfd0%4] In yet another
. propability space as o way of agsessing the probability of a discrete cliical cutcome of said subject.
aspect, the storage mit’SF e S a TS Oreg hiBReA teferance AR org ™
25 10009 In andther aspoct, the input device of the system comprises a touch screen. Where desired,
the input system can comprise e data enixy portal or a keyboard. The subject data to be inpuf into,
processed by, or tramsmitted as an oulput by the gystem can be textual, numeric or a category. Where
desired, the textual or numeric information is solicited from the end user,
{0010 In some instances, ihe subject dala represent measurements of the at least one biological
30 marker present in a bodily fuid, In some instances, the measurements are obtained by & point-of-
care device that is operated by the subject. The measurements can be iaken at various lime points o
yield a trajectory within the probability space, wherein said tUrajectory represents a time series of the
nssesyed elinical outcome. The various timne points can cover a period of less than or about 24 hours
{6011} in snother aspect, the medical information systern comprises an outpul device having an
35  automatic alert system. The automatic afert system can be programmable by the end user. Where

desired, the autoinatic alert system is progratmnable based on a predefined protocol for a clinical



plurality of subjects in relationship to the at least one biological marker. Where desired, the data stored
in the storage unit are selected from the categories consisting of pathology, anatomy, treatment option,
treatment outcome, pharmacological parameter, phamtacoldneties parameter, psychological
parameter, and genonde information. The database can be public, internal. 15[0015] The end user of
the medical information system can be a health care provider, including without limitation a Health
Maintenance Organization (HMO). 100161 The present invention further provides a method for
characterizing dm probability of a clinical outcome of a subject. The method comprises die steps of (a)
constructing a probability space defined by a set of discrete clinical outcomes, each of which is
characterized by a statistical 20 distribution of at least one biological marker; (b) obtaining subject data
corresponding to die at least one biological marker; and (c) calculating the position of said subject data
in said probability space, thereby characterizing the probability of the clinical outcome of said subject.
[0017] Also provided is a method of characterizing a clinical outcome of a subject comprising: (a)
constricting a probablllfS‘/“s‘bﬁﬁée’\?\??fmﬁ"é“@%ﬁ?@ﬁ°Wﬁ@’?%‘lﬁafﬁ’€"iff%‘ﬁﬁﬁffﬁs§fﬁ'ﬁé‘8’wédd%flned by a set of 25
discrete clinical outconi¥d Saeh S FRHICHPIS ChATHERHZ LB e I‘é’f%ﬁfi‘é’i‘lca‘"lpﬁlsdfrlbutlon of at the least
one biological marker; ’(ﬁT‘B’f‘ff‘é‘Fl‘Ff’@“?ﬂ’é’fé?ﬁf‘ﬁ"g &t fﬁ“e'éaé"rﬁ’eé””?aﬁ’ ‘3{% Xe Corresponding to the at
least one biological ma“r“r?“é'?’“”grfd' ‘)'p“af“ffla e R S e rqt‘.’)]lie t data ﬁ said probability
space thereby charactéfiZine ‘ET‘le Chificar tim“fcome SP O“etp‘étﬁi Biect Th some embodiments, in practicing
the subject methods, af 1?3{%"; ﬁ%’ﬁsgﬁtd},g&!&m eaied a1, Yateus.ine.points. o vield a trajectory
30within a probability S\Pac&fc nerein Splyacc Ejgct,g;y is |nd|cat|ve of the Ilkellﬁood of progression to the

Can remote

clinical outcome. The spbiect methods can.cemprisedhasienpinolifying a medical personnel or the
subject of a need fqf taging @medicalACtQRHPAN.ARSRSS G Gharasdelzing.the position of said
subject data in said proRahilii.SRAGCEILEQ BE: INstancasthe.medital action iavolves at least one
action selected from thg.graup-capsisting alatieiing.-aLAasageof @maxisting, therapeutic agent
35administered to said.skRiest.aeminisieringra-difierent-athenapadticiagentiand administering a
different combination ofshesaprutic.agapis-hotification efasmadigalastion can be electronically
transmitted, e.g., wiselaasty tianskaitteesThesubjectrethotseandfurthier, sawgrise step of, upon
selection of the at least-orelaction tperforming amoutedMeanalysis for assessing a result of said
selected action, mid auteriaticady: ipdatifgthevgrobamiity diadiseteretetitiicdl outcome of said
subject. 5[0018] Furthetprbvidacinrtbie: frosentrpéntioncts Sreurmptitet readase medium comprising
computer readable institfetiortse thfitere ditielrexeegéd Calise PprEressstts a) provide a probability
space defined by aZet ¥5Fibiise etdeetpibidrstl (it € P BaRn OEWRRCHT e Elidratiari?ed by a statistical
distribution of at least dfie"Bi8fEgTEAT ?ﬂéﬁ’lﬁ%ﬁ‘”ﬂﬁ‘)@&ﬁ‘tﬁiﬁ@ﬂsﬁj‘é‘&?ﬁéﬁ EBIESHPINRNG to the at least one
biological marker; and éz@éfﬁrﬂﬁfé‘“ﬂﬁ’& RISt B SUBTSEY ARt in said probability space to
10assess the probabllllly Ut Aermieal vutdshe sreaigab)at f“tT‘"“" AHERST SR S {flctions operate in a
software runtime enwroc‘r’]“fﬁ”e“ﬁ "FY ORE 48 {:“”%ﬁ:ﬁ“fﬁ?j}:ﬁ:ﬁ;‘% b%;%:t‘égsté lzégbéggg? qrf’ﬁer causes a

processor to provide a fise? “H?eﬁlﬁgﬁngfer con }on base qlon anﬂaé{sessm ﬁraijectory parameters

ologi ect into the server, s alg c()!reﬁpond!n

of the subject data in the pf R}mi’g xmieacae@ fﬁr.s% Sl G Bl e at least one of

pred ICtI ng the occu rren& %L@m%gp IEE ﬁslst steps b and o are repeated at various time points to yu:ld a trajectory

30 within a probability space, wherein said trajoctory is indicative ol the likelihood of progression fo
the clinical outcome. The subject tnethods can cotnprise the step of notifying a medical personnel or
the subjeci of a need for taking a medical action upon assessing or characterizing the position of said
subject data in said probability space. In some insiances, the medical action invoives at least one
action sefected from the group comeisting of altering a desage of an existing therapeutic agentl

35 administered to said subject, adminisiering a different a thernpeutic agent, and administering &

different combination of therapeutic sgents, Motification of 2 medical action can be electronically



condition that requires medical intervention, the method comprising: (a) measuring concentrations of a
first set of biornarkers present in a subject and measuring one or more physiological indicators of said
subject at a given frequency, wherein the first set of bionnulem are suspected to be predictive of the
medical condition; (b) based on the concentrations measure in (a), generating from 20the first set a
subset of biomarkers that are more correlative with the occurrence of the medical condition and/or a
new frequency of measurement of the biornarkere; and (c) measuring concentrations of the subset of
(b) and/or following the new frequency of measurement of one or snore biomarkers, thereby predicting
the occurrence of the medical condition. f0020] In some instances, a method further comprises
analyzing data reflecting the concentrations 25and/or the physiological indicators with multivariate
statistical software. In some instances, the biological markers are present in a biological sample of
said subject. The biological sample can be diluted by an appropriate fold to ensure, e.g. the
appropriate range of concentration level is detected. [00211 In another aspect herein, a method of
monitoring sepsis deve‘l‘tﬁ‘f)’rﬁ"éﬁﬁo‘f‘ﬁ!@ﬂﬁ]’é‘@t‘%bﬁfﬁﬂ%@??féé%ﬁ‘ﬁﬁg"ﬁfﬂ“ééﬁ%’t"f\x}’f}“parameters selected
from the group of (1) bod§empbetsttire ”6‘f°§éﬂf°’§ﬁ’5f‘é8’f°°§0*(‘?)”]brf8t@‘iﬁs‘@“éS’H esr‘i‘tiratlon of said subject,
(3) interleukin 6 (IL-6) EBIABHAtHAtGH BT ek yEissemtHie e td et S tend of temperature,
proteln C trend, and/or® ""é and whereln an increase bexolnd n ]rmegl bod temperature a decrease in
protein C concentraiior OIS T FEB4SETH -8 Conceiraon i AcaTyS gt pe development o
Sepsis in said subject Lnag?m“’éfiyié“%és L UECiese AT AN A IIAASE of L-6 can be
indicative of the development gt sepsis.In,saidsibi Gk I A950me, QNG H,ASARKS.a decrease in protein
C and an increase of Il:6 and.an.NcreasaReYIRd 2aumalbady lemResaiue can be indicative of the
development of SERSIS JaSRG-SHRAEH: H-SOMEIDSIANEES i dhalieasiahoLLA:fold increase in IL-6
concentration in said suhiactdsoicative Rfthe.Qecuense.ahsppsish.aaid: subject. In a further
instance, an at least ahkt-dQQxfalch iRcieagedndlb.concentiationin saidsukject is indicative of the
occurrence of sepsis insrichsubieat. Fhisimethochaayfanthey pompsisedhe step of increasing
frequency of measmingetksGcenecenttation Hp@a an Sincrease beyond normal body temperature and/or
a decrease in protein Qeesntenttati oo rexampte otheifteguenayafibrimeasurement can be
increased to once a dayrohceexeryriti Br-Gnomdhotrseirdetermmratonreaftiieroccurrence of sepsis
may be promptly followeelis-aafivapiro prete medicel freiventiormr | 022pAlsd-gescribed herein is a
method for characterizirigideiedicat-comditortofabsimbjt et elecormrisitiég bbtaining a first set of
subject data comprising et ieaitcorisdioigicabribrkircdiieraroaston @ phgsisitdical parameter from
the subject; determitingtiesprotasiigrorametheareonamitsHorHesabjeetiiing the first set of
subject data obtained; SBIERTY A CRESHPSETBTSUBEEE Hatd ot theBrdBability of the medical
condition; and obta|n|nQ“‘tﬁ‘é“@%‘&?ff?&l“%’@t“&b’é‘%ﬁréﬂ?‘ﬂﬁfﬁef%ﬁ‘?‘*ﬁ’ﬁ‘é@fjﬁj‘é’ﬁf""fh"é%BS/ characterizing the
medical condition of th&'S E‘f“ SEARBHE SSPEE S thethod is disclosed for
characterizing perlodlcCR/ dli1 £ fs‘%f;’%&“ﬁ“ |otp‘*"hc‘3‘"t °m%:529“::§m s i “@'ﬁ"\“ﬁ?’i‘%”és identifying a set of
biomarkers for a clifica ﬁ j‘{\lﬁi szlﬁi‘"‘a ;"é{n ﬁj}@)ﬁﬁdﬁﬁ‘fh" g long )lj,lﬁg: arj;afl::’:bjmsca:t:ccfa?a corresponding to at
least one biomarker in §9l(&{ tlﬁe Nb

by:ma;}prupn teaflratom ure, e.g. t cappro;!rmie Ctoqgggeiﬂglmnl viT getsald trend to Identlfy
periodic changes in the@;:]e@s t.one mpﬂgﬂaf&g&b(m yﬂg@ values mﬁm ec Cegl;lsjrements of the

perIOdIC Chmlges Of the t&ﬁ:ﬂﬂ’a@ﬂqggagﬁa@g gaz}l@gﬂ o%%y'(lﬁ%ao empc:a uao suid Sl ?e!?by CharaCterIZIng the
periodicity of the clinicaly,tglevant.c2adHioN IR I9NERIRNGES uuthguﬁnﬁ!%ulgajétep comprises _
developing an AMNIA madeliio daiiming .gifferencina.ag.ndheundsdying.madel. The differencing
lag can be used to do-tignd.ihe: tend.Rrd.establish.r.slationan i end . R.seme instances, the
analyzing step comprises.caieulating.an autasgralation funedion. and.the.measuting step comprises
identifying the statistically-2a%ignilicant. paaksdf ihe.auacaalatian uaction «hpseme instances, the
analyzing Step co mpris%e other aspects, a decrense in protein C and an increase of -6 and an increase beyond normal

budy temperature can be indicative of the development of sepsis in said subject. In some instances,



calculating spectral density and the calculating spectra/ density is performed using a Fast Fourier
Transform. The measuring step can comprise identifying the power spectrum of the 1118XfilltIM
spectral density frequency. 100241 In an aspect described herein, a method for monitoring subject
response to therapy 30comprises: obtaining longitudinal subject data corresponding to at least one
biomarker in a set of bionunkers for a clinically relevant condition to obtain a trend of the subject data,
wherein the subject data is obtained from a subject receiving a therapy; monitoring periodicity of the
trend; and corresponding the periodicity to a response to the therapy received by the subject. hi some
instances, the therapy is a periodic dosing regimen. In some instances, the response to the therapy is
35characterized by a time-dependent behavior of peak levels of the trend. In SOITM instances, the
time- dependent behavior is substantially constant. In other instances, the time-dependent behavior is
changing linearly. In yet other instances, the time-dependent behavior is changing exponentially.
100251 In an aspect, a method is disclosed herein for characterlzmg the emergence of clinically

ast abo -fold increase in #.:6 conc tfauonm gaid.yub actls indisative of the orouris
relevant subpopulatlons oF AtEnt expose Sdio S marapeutit’s fh?h ethod comprising:

in. said subj af her instance, an at ta ut 100 mcrca
Sidentifying a set of bioma; 'Reongnlsr;uaublllo ‘Léi;dlwwe ‘;f j[F1a a0t surrogat rplarkerﬁ for the therapeutic
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agent; measuring the sé{m%lomar qngltu | cyo meamggr{atgg o? patients ‘exposed to the

1er cm rise ‘easing

therapeutic agent; |gent| mgcy tmc;bmpgs na n;}}élr Iyariate clu Lerlngm,paqe of the measured values of

4 Qecrease i pm €11t L. Cone

the set of biomarkers from,the aroup th)lents determining fhe sate.Qf sgparatipn of the distinct

example, masurcmcht Call

clusters and measuring fhie Q'&I‘%S}aﬁop%\"’%mﬁ%QL%I;'&9%9%&1;@{:%;!&%?@5}%&%man”er 10obtaining
patient information fromhe.g:Qup,of patients to classify the patients in clinically relevant

subpopulations; and cqmpaingihedistinctetdsiersia-4be chnicallyalenansubpopulations to
characterize sensitivity-anghispecificitypidie-distinetchusierada predighthewclinically relevant
subpopulations. In some: Siangesthermethodfurthencamprisesipentdyingaseeond set of biomarkers
configured to improve the.ghatagterizationphihre smergenas oldistingbelusiers te 15predict the
clinically relevant subpepuiat iRswiRseRIEm RStaRCas -trengroupipipatients exposed to the thempeutic
agent are participants ieenclimicakitiad niicgemiganstanties, the clinical trial is a dose ranging trial. In
other instances, thescliffes| inakisha pertofbm iatidptifeceimieabtpabidhe atlegtive clinical trial can be
designed to characterizerr optitvral Hositrraygimsndrean béaestyeditobhdratterize an optimal
responder population. FrEBFRETHgtEIREE thicesSTM e v drstanberste s 20t mprises measuring
the Mabalanobis distarit b Bt EER THE HiS T E S tEr Cettroitra ittt fetric¥s, the measuring the
distance step coinprisd&TEASEFIY tHE HegreseiramgHbbreutidres betiettthe distinct cilium, In yet
other instances, thé m&4BUFIHG thE uistamed" Srsp eomipiee S Aredetpitg ireticiaghn distance measure
between the distinct cllﬁ‘?é‘tjé‘?g I EOIE TSt AR RS B RIS theBISEALE step measuring a
Manhattan distance me%fé'ﬁ?'é“ 5e°fV°\'7é“§ gt'ﬁm‘" NG TS SBINEBRPURATISR BY REFERENCE
[00263 All publications'; a} Joatentl %pp |3:n‘§'?ons(p1{é"ﬁ’t’f‘5t?‘1’“§’a i RIS PSS on are herein incorporated

by reference to the §arﬁe ex emr'lm:’:;eag;’a:gfj’:m \ “’é}nséiz; Jgﬁfﬁgﬁ”ﬁwfjr SteRtaD Blllcaytlon was specifically
and individually |nd|catgw €Neorpo %t wh{a{e g g&ggmx 5 Iﬁ‘orrnsdusg&;ELT ON OF TIIE
DRAWINGS 30000271 i 1241 SRS, 415 Invsntienate.seh ol WiparicUlarity in the appended
claims. A

spectral density frequency.
{#024] In an aspect described herein, a method for monitoring subject response to therapy

30 comprises: obtaining fongitudinal subject data corresponding to at feast one biomarker in a set of
biomarkers for a clinically relevant condition to obtain a trend of the subject data, wherein the
subject data is ohtained (rom a subject receiving & therapy; monkoring periodicity of the trend; and
gorresponding the periodicity to a response to the therapy received by the subject. In some instances,
the therapy iz a periodic dosing regimen. I some instances, the response to the therapy is

35 characterized by a time-dependent behavior of peak Jevels of the trend. Tn some instances, the time-



better understanding of the features and advantages of the invention will be obtained by reference to
the following detailed description that sets forth illustrative embodiments, in which many principles of
the invention are utilized, and the accompanying drawings of which: 10028] Fig. 1 illustrates a general
representation of die Mahalanobis distance method and the 35representative ellipses. The figure also
includes the Mahalanobis distance mathematical equation. [0029] Fig. 2 illustrates art example of the
results of a cluster analysis of a clinical outcome. (0030) Fig. 3 is a flow chart illustrating an exemplary
method of assessing a clinical outcome of a subject and assigning probabilities thereto. [0031] Fig. 4
illustrates an example probability space geometrical representation. 5100321 Fig. 5 illustrates a
trajectory of data of a subject in a probability space. [00331 Fig. 6 is a flow chart illustrating an
exemplary method of alerting a user to assess a clinical outcome of a subject. [00341 Fig. 7
demonstrates a method of establishing rules for a probability space of clinical outcomes. 1010035] Fig.
8 illustrates a graphical presentation of rules for a probability space. 100361 Fig. 9 is a flow chart
illustrating an exemplafpPrietEGH e mbfﬁlﬁﬂ#é?ﬁiﬁg“a"?ﬁé‘fﬁéﬁﬂﬁﬁ‘gﬁﬁﬁﬁé’bi?ﬂ”ﬁ‘séess a clinical outcome.
[0037] Fig. 10 is a flow trEt itrerstiatigeaeke Apnarr eyt éﬁﬁ”&’bﬁ’i‘i‘)‘?‘%‘ﬁ?" “L&Mer for communicating
and processing medical‘d&t% 15100 ‘T‘f‘fi1 °E°IT'ﬁﬁ%fF§'Fé°§tmﬁ“§}?e"r°ﬁe nce"“““boydlment of a system of
the invention with real- ffrﬁ%“ﬁ‘& it o1 ct1 c{a 2 antaﬁfﬁe traq(sn}ltgg ﬂgﬁ the information in real-lime

m eto oma.r ersma

to a server or system tha | a e(?a%)f con vegtlng ng &gj}oar‘wm(]%ttl} f{alm(:)n sedx%%lou% phy5|olog|cally relevant

grapeutic gcnt ?l Y1y
I

operatlng system comprlse§ ata HE’ aﬁrt&gtw mmggaqlrﬁsq{;‘q“@lggntjgm%@,@gn%gmware applications.
20[00401 Fig. 13 demapsirates an excmnlany.dalahase camorising. an.anialagy of biomarkers that are
related some types, of @gg;&gltggggmggh%[gg% Bigsdéhdlsiates:the.anexemplary hierarchy of a
healthcare operating sysiem.qf.ihe dyentiouwherain dheceniral apsiptjgisystem has access to a
data infrastructure and smQRitRung:devicasder ohiainng subjechdalan2bfeR4a] Fig. 15 demonstrates
an exam/buy system ofdhe.daveniion. wheteir ananalysissdatabase; canuseegive information from a
database containing data-fremasteadesar-cartidgedatabaseshistorioal tatabases, a patient database
that can contain data eptared dy-aypatienisrand a@scuste merdatalrase rf@48fighl 6 illustrates
exemplary trajectories oftwe-sihjeatsiing probabitityispecereprestnaiyg prdstate cancer discrete
clinical outcomes. 3010841ty otle7iitustrateigieeipiet yf trajastorias! wiltirerseitfects in a probability
space representing clinitgioisteo messof arsabide rde et griepyign be desiemad o

characterize an oplimal responder population. In some instances, the measuring the distance step

20 comprises measuring the Mahalanobis distance between the distinet cluster centroids, In other
instances, the measuring the distance step comprises measuring the nearest-neighbors distance
between the distinet clustess, In yet other instances, the measuring the distance step comprises

mieasuring & Fuclidean distance measure betwoen the distinet clusters. In some instances, the

menguring the distance step measuring s Manhattan distance measure between the distinet cluster.

25 INCORPORATION BY REFERENCE
{0026] All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individuai publication or patent application

was specifically and individually indicated to be incorporated by relerance.

BRIEF DESCRIPTION OF THE DRAWINGS
30 [00Z7] Many features of the invention are set forth with particularity in the appended claims. A
better undersianding of the features and advantages of the invention will be obtained by reference to
the foltowing detailed desciiption that sets forth iflustrative erbodiments, in which many principles
of the invention are utilized, and the accompanying (rawings of which:
[0628! Tig. 1 illustentes  general representation of the Mahalanobis distance method and the

35  representalive ellipses. The figure also inciudes the Mahalanobis distance mathematical equation.
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[0045] Fig. 18 illustrates exemplary trajectories of two subjects in a probability space representing the
medical condition of diabetic subject using an insulin sensitizer.  10046i Fig. 19 illustrates a method
of graphically representing a trajectory of subject data in a 35probability space in two dimensions.
100471 Fig. 20 illustrates a method of graphically representing a trajectory of subject data in a
probability space in two dimensions and the position of the data for defining discrete clinical outcomes.
100481 Fig. 21 demonstrates a dynamic subpepulation emergence based on cluster analysis of a
5Monte Carlo simulation of a two-cohort clinical design. 100491 Fig. 22 demonstrates plots of the
cluster calling statistics versus the hypothetical number of clusters. 100501 Fig. 23 illustrates markers
of clinical effect with the segregation of the marker space as a function of dose at the end point of a
clinical study. 10100511 Fig. 24 demonstrates patient data showing the seasonality of two type |
biornarkers over time. [0052] Fig. 25 demonstrates a time series of a biomarker value versus the time

of chemotherapy deliver 101(1)53] Fig. 2(13 quopst{ratems tht? relfgtiJ()nsEhiP between parameters
computed from C|rculat[| 2{‘ 6S“m°s:1’c’\‘{:51§:n1léeé:§“uwré °6’v%?‘i“aﬁsj:e°a”ﬁ&/°8rmén§n:[he time-to-spike. 100541
Fig. 27 is the IL-1 beta’ co cé’n P e RS B Humber TBO5ET Eig"8 s the

sample-to-sample fold ]i”lam “?ﬁ’:ﬁ;[ m;bé;as yeicjéqﬁ E'I,Tmege@,‘r?.!QE&%@QE%QOO%] Fig. 29 is the IL-6

concentration versus t| pIolr;tip etrﬂ patient 4 became septic. [0057] Fig. 30 is the
ustmzesatra!cctmyo a offa subject mapm yspacc

sample-to-sample fold lor 116 Versus dime pointovmber, Whersin,20natient 4 became septic.

100581 Fig. 31 is the Tﬁufmglpngb goncentration versus time point number. 100591 Fig. 32 is the

sample-to-sample fold W@%@%THES AlphaVersHs Jimepoint.aumhe: JORE01 Fig. 33 illustrates the
residual plot for Patient.2 k0 has a fever spike and no decreasing markers. 25[00611 Fig. 34
demonstrates Patignt 4ophataipoinis.chowing decreasing Broleifnky with increasing IL- 6 just prior to
fever spike. [0062] Fig .5 isiaeaGheoalinahe. k-ipad haswiteh-anddhecoMing eac phenotype.
[00631 Fig. 36 and Figwad wlemansitatethat the system uses an equation that is anticipative of
[0037] Fig. 10 is a flow chart illustrating an exemplary system comprising a server for
communicating and processing medical daa.
15 [003B[ Tig. 11 illustrates an exemplary embodimert of a system of the invention with real-thme
acquisition of subject data and the transmittal of the information in real-{ime to » server or syslem
that is capable of conventing the information or data to # physiologically relevant context.
[0039} Fig. 12 demonstrates an exemplary system of the invention, wherein a health care operating
system comprises data infrastructure, models and algorithuns, and software applications.
20 [0040]) Fig. 13 demonstrates an exemplary database compriging an ontology of biomarkers that are
related some types of medical conditions.
[0041] Fig. 14 illustrates the an exempiary hierarchy of a healtheare operating systers of the
invention wherein the central operating system has access to a data infrastracture and monitoring
devices for obtaining subject data.
25 {0042} Fig. 15 demonsirates an exemplary system of the invention wherein an analysis database can
receive information {from a database containing data from a reader or cartridge database, historical
databases, a patient database that can codain data entered by a patient, and a customer database,
{0043} Fig. 16 illustiates exemplary trajectories of two subjects in a probebility space representing
prostate cancer discrete clinical outcomnes.
30 j0044] Fig. 17 illustrates exemplary trajeciories of two subjects in a probability space representing
clinical outcomes of a subject developing scpsis.
[0045] Fig. 18 illusirates exemplary trajectories of two subjects in a probabilily space representing
the medical condition of diabetic sebject waing an insulin sensitizer.
[0046] Fig, 19 illusirates a method of graphically representing a trajectory of suhject data in a
35 probability spoce in two dimensions.
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30sepsis using the Squared Maholanobis distance equation and Bayesian Probability. 100641 Fig. 38
illustrates a graph in time of a plurality of marker proteins for a patient in a sepsis trial. 100651 Fig. 39
illustrates a bivariate tune course of two particular markers (protein C and Clear-five protein) in the
same patient. DETAILED DESCRIPTION OF THE INVENTION [0066] In one embodiment, a method
is provided herein for characterizing the probability of a clinical outcome of a subject. The method
comprises the steps of (a) constructing a probability space defined by a set of discrete clinical
outcomes, each of which is characterized by a statistical 5 distribution of at least one biological
marker; (b) obtaining subject data corresponding to the at least one biological marker; and (c)
calculating the position of said subject data in said probability space, thereby characterizing the
probability of the clinical outcome of said subject. 100671 In practicing the methods herein, one
generally utilizes a set of biological markers (also referred to herein as biomarkers) relevant to a given
clinical outcome. In order to |m§rove the 10reI|ab|I|ty and accuracg of a mathematlcal calculation,

. . H 1 b
biracial-kers are selectj&ﬂ)g%é R RV E 5’(‘ aléfé”fl It ijm ghabied e o
two dxmcnsmns aza the clxj

D T mngla IQ{ertalnlng to a clinical outcome,
. ACE
whether it being, for efm 1 1%5’%{' d“sease oramedical pi proce re In some embodiments, discriminant

clinical outcome. [OgGEﬁ @ago ect, moc"thQ, algg%lded hereln of predlctlng the occurrence of a

medical 15condition thmé?g,u'%m%q icalntervention, ihemethag sAmRKsing: (2) measuring

concentrations of a firsf, set of biomarkers present in a subject and measuring one or more
physiological indicators,af;saidsuRies! at.R SiMRR Fequencyubarein thefirst set of biomarkers are
suspected to be predictive.of the.medicalk caadition:,(b) based on the concentrations measure in (a),
generating from thefirshsetra subsel-od hiomaslkersthat-amimore Gotnelatine wmith the occuusnce of the
medical 20 condition ang{or a new frequency of measurement of the biomarkers; and (D) measuring
concentrations of the sudsgetOfs(jandionieliowningithenew-fregueneycf-meassurement of one or more
bionsukels, thereby predieiing the occurrence of the medical condition. [00691 Pluralities of discrete
clinical outcomes, sometithés. tederreditchasnredi catoutcorme srfordrespaeifiezmedical condition are
plotted in a geometricahmarnerrdese ofiveduesdttivotienitarkers are 25 chosen that me the most
representative of each Bliidal Bisteohie sy thre migtheriatiearmethods described herein,
probabilities of class ad¥f§ntisehit ter eartoviadt &tbe fedt datcotidearBeEsigned to any set of
values of observed biof&ikBs® atpFobatsiitie %ﬁ“&‘dﬁ”ﬁﬁ‘éﬁ%@%ﬁﬁé‘tﬁiéféﬁ“ﬁ?ﬁottlng the probability
of any set of values of 858eRicd BroBYIEar TS REFEHtRTH tHE HEE RIEHE §p4EE defined by the plurality
of discrete clinical 6htci’:ﬁﬁé§b"?§@t0€®70; Model building [0071] In some instances, mathematical
modeling describes the["f!j8 B State ”lf’h”(’“ce"f'mmmfm nf’é ms‘f‘ances the madels use a system of

32 is (hc san sam old cin vc: sus 1ime po
equations representing ou{cogm e fersp lome mm%rwfar}m kr":yeg,jscgk(gn%en ratlons and the like over

g. 33 i ust tes therlm ua ani

time. Such equations rﬁl 6Htlbe simple enoug fo’solve in closed form yleIJpng an algorithmic formula.

However, in some instajjces, models, of human, 35disease. can e, 100 CompIeX {3 permit a simple
closed form solution. Inﬁsqme instances, a solution as

priot o tever spk

[8062] Fig. 35 is a schomatic of the Thi-to-Th2 switch and the cylokines representing each

phenotype.

[0063] Fig. 36 and Fig. 37 demonstzate that the system uses an equation that is anticipative of
30 sepsis using the Squared Maholanobis distance equation and Bayesian Probability.

[0064} Fig. 38 illustrates a graph in time of a plurality of marker proteins for a patient in a sepsis

trial.

{0865] Tig, 39 illustrates a bivariste time course of two particular iarkers (protein € and C-

reactive protein) in the same patient.
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described herein can be projecting numerical solutions forward in time, also known as termed
predictive biesimulation. (0072) The objective of cluster analysis is to group observations into clusters
such that each cluster is as homogeneous as possible with respect to the clustering variables. Any
conventional clustering 5 algorithm may be used to define the discrete set of clinical outcomes based
upon the recognized biomarkers. Besides the Discianimint Function Analysis, there are many such
algorithms, such as "Single Linkage," "Complete Linkage," "K means," "Ward's Method," or the
"Cenboid Method." Additionally, one can identify clusters using "Decision Trees". These algorithms are
well-known to anyone familiar with the art, and are available in standard statistical packages such as
SAS and 10SPSS. The clustering algorithms group like objects together, and keep unlike objects in
separate groups. 100731 Multivariate statistics to identify classes of similar subjects in a sample
population can also be applied for building an appropriate model. The techniques currently employed
include, but are not limited to, Discriminant Function AnaTI¥sis ‘(DEA‘\)), Hierarchical Clustering Analysis,
Factor 15Analysis (in which an und&@fyd MG B Pationd |f)m|1§.la“§sumed)t Self-Organizing Maps

(SOMs), Support Vect8P i dtnmaeistrist-smrRieuns! Nt E5eh iy rzﬁ?’%@éf‘n recognition technology
: . : inical ontcome of a subject, Th mctlmE)com ises the steps of %1) consiructing a probadility space
using multivariate desc StOT VEEEOTE Which S eé)fﬁ are Q.a§ mates. to more completely manage an
rete plinical outconies, each of which 15 character a statistzcal

. .. . 1 of di; .
adapiive cinical trial. 100741 LIS TECHNAUES S dmalind e MOde) e glglgt.space include several

conventional 20 mefhodd%‘eiﬁ?%&f as.he draphical method and gradientzbasef, neniinear optimization
(Mendes and Kell, 199@%)’0 e.araphical method izmically.anpligd. to those problems tint can be
converted to linear regfﬁﬁigﬁﬂ@&g@ EMs.and.are gengral.nol anepabledq glesed-loop learning as
they require human intgryeniion.al @ach.steR..ihegladienthased-nanlipeamnoptimization method does
not have such a restrictionihaweves it dessJequirednfarmation abautiaeerror function with respect to
the 25parameter estimai@s: A s8uchit elloncopveryes da:decalaminivag. fvalatienary algorithms
including genetic algoritkums; eualutiohar/ pragiammingisgenetic:pregrammirg, and their variants
(Back et al, 1997; McKaygbale mdsSdmbrawiasd seatuid i» 1898)have! beemapplied to overcome these
limitations. [00751 In seme insiancessitol Best@ueaurt-fdrihaecdymamids ofiaibiological system, the
equation systems discusged iabevescatchacenip osetofomdinaly eHferentigiaignations which calculate
the rate 30 of change of éibivloiical-ernisdverifixetrtecseyrrent st gifritification is a function
of the state of the systefrrigttireaipstarfeafaraRgise Gny MEHES B ARETOP il other entities in the
system that might affectfi4e ?at‘é”ﬁ*f“éﬁ%iﬁﬁj’éif%’ﬂ‘ﬁ)’TB’j‘ﬁF?“fﬁ‘éff_‘;?"ﬁ’i‘ﬁ%ﬁﬁ&fé%’,gﬁ’é‘*‘(‘j‘@é’&’f’ibed herein, biological
entities of interest are Ukt BGEPEBHBTE MY BECABETHTtEs 5 e di&iHY Proteins. In the modeling
space, the time raté’of CHAAGE'SF 3B HEABITIGECAT SHRY TS Enad tHE 88Hvative and is quantified as
the instantaneous sIopé"BT"‘fH*é“ﬁ’é’fb%‘;ﬁéﬂfg}ﬁﬁ?‘?‘@ﬁﬁ%‘%ﬁﬁ%%“ﬁm IVETHREHHE domain. -10- [00771
The value of any selectH PYETEIBIEGIELT & M6y S Sty 2elecidd Sam ling time point can be
calculated as well as tH"e%rf"'ét%“&lf“&sﬁ’ia‘,iﬁﬁ'écféfmrmei\?‘écrg SOy IR ¢ rﬁgmdsgﬁf) inc O§‘|§.ac'§sé;(.otlghis can resultin a

. . . ceific medical congdition are plofted in a geometricat manner. A set of valugs of the 'Diomarkors aie i
point estimate per bjoloficalEntiy for the dervative in nifs, comprising, byt gt imited to a change in
concentration per unit timie; B8078T I'some instances, a method can,Wilize fyg.point slopes along
with a K-point model fitfing regression.equiations traudh Ihe. [asiS.onsRIBHNS o estimate the first,

second » an dh Ig her o rdtﬁcr pg%m}{t?&\s{%%m E?Jai@%?fmgl%d biological murkers within the geometric space

defined by the plurality of discrete clinical outcomes.
30 [06870] Model buailding

[0071] Tn some instances, mathematical modeling deseribes the dynanic state of a system. In some

instances, the models use a gystem of equations representing outcome parameters, biomarker and
drug concentrations and the like over time. Such squations might be simple enough to sotve in
closed form, yielding an algonitlunic formula. However, in svine instunces, 1rodels of human

35 disesse can be too complex to permil a simple closed form solution. In some instances, a sofution as



dP(t)/dt FP(t), (other proteins, cells types, etc.), model parameters) where P(t) is the concentration of a
given protein as a function of time. And where f is function of 10P(t) and entities affecting specific
protein concentration curves, comprising second signals, cell numbers, and the like. And where model
parameters are coefficients in those equations that quantifY those relationships, for example
comprising production rates and clearance rates. The system can be linear or non-linear. (00791 An
alternate embodiment of the mechanism is a system of entities where P(t) is a protein 15vector II(t)
[P(t), P2(t),...PN(t)) where N is the number of proteins chosen to sample, and f(P, etc.) becomes a
matrix M(11(t); KM)). The system parameters becomes vector as p(140). [0080] For example,
clearance rates of each PAO in the vector D(t) are captured in this vector form. porgo characterizes
the functional coefficients of the matrix M. The system is linear when fl does not depend on Ii(t) or on
time. The system is linear and parameuically time-dependent when p 20depends on t, and varies
linearly with time. [0081) In another example, the S}/stem is nonlinear when the clearance rate changes
with time and can (0082 PP EEEA e G NP a i S W FeGUIBE 6R T tfe. The system is

e biggimuiati

represented but not linfted 5y THe Vettor equation: 25d11(H)/dt MfiiFL): 11(11(0)* 11(t) 10083] In yet
CL hser II ] hateath cTusl

#072] The objective of cluster analysis 1s to group o tions into chusterd sudl ; ) .
another example, the dyridmic S orbiolpdical SySfems hasia level of.specificy which it captured in

L. as ) ;
an exemplary binsimulaioft SYstem, Every, enlity. in the.system.will-ypigally,act on a small subset of
other entities. For example, protein.¢ MOgllies, g, als.tREQIUE 9, aLAraIsin. & by binding to e cel
surface receptor on an g effectoncel. The.consrrtation-of ORiaie2modifies the rate of
production of protein I. g&]i@ogblggicpm}tgj,gc@ggg gn.therreduction-ekorolsiRathe rate of production
of protein 1 depends ingireGthnonthe evelefnredusction afprateing 0R%&k.d he equations that best
represent the above,example dndhis.biesitoulation;systemn, ata.4 iildt.ppi2)xaridt 1-5 :4322P2(t) P23
P3(t) dP2/dt - 0 (0085) Jthese exemplary equal ions, the concentration of Protein 3 is constant and
the rate of 10Protein | proguctionidssaniincieasi ag-functiomektihe: RroteRibewelss factored by Ply >O.
In add ition, be applicd for building an appropriate modet. The techniques currently employed inchude, but are
not Hinited to, Discriminant Function Analysis (DFA), Hicrarchicai Clustering Analysis, Factor
15  Analysis (in which an underlying model or relationship is assumed), Self-Organizing Maps {SOMs),
Support Vector Machines (SVMs), and Neural Nets, Each is a pattem recognition technology wsing
mulivariate descriptor vectors, which subjects are classmates, to more completely mansage an
adeptive clinical trial.
[0974] Other techniques estimating the model parameter space include several conventional
20 raethods, such as the graphical method and gradient-based nonlinear optimization (Mendes and Kell,
1998}). The graphical method is typically applied to those problems that can be converted to linear
regression problerms, snd are generally not amenable to closed-loop leaming as they require human
intervention a¢ ench step. The gradient-based nonlinear optitnization method does not have such a
resttiction; however it does require information about the error function with respect to the
25  parameter estimates. As such it often converges to local minima. volwtionary algorithms including
genetic algorithms, evolutionary programiming, genetie programming, and their variants (Back et al,,
1997; McKay et al., 1997; Bdwards et pi., 1998) Inve been apyplied 10 overcome these limitations.
[0675] In some instances, to best aceount for the dynemics of a biofogival system, the equation
systeins discussed above can be compesed of ordinary differential equations which caiculate the rate
30 of change of a biclogical entity over a fixed time segient. Thet quantification is & function of the
state of the system at the instant of analysis, and includes terms for all other entities in the system
that might affect thet rate of change.
[0676] Inmany instances, as described herein, biclegical entities of interest are found in blood
comprising but not limited to circulating proteins. In the modeling spacs, the time rate of change of
35  each biological entity is called the derivative and is quaniified s the instantancous slope of the

biological entity’s concentration curve in the tirne domain.



the levels of Protein 2 are a function rate Protein 2 is cleared from the system, in this case,
proportionally by a factor 822 >0, and the effects of Pa(t) on its production, described by a factor On
>0 and is parameterized by the vector (Psi, 022 .P23). Any triplet vector can be used in the general
ease to generate any family of trajectories in time for Proteins 1 and 2. Protein 3 is hon-varying in
15this model since its derivative remains zero. (0086) By measuring Proteins 1 and 3 at each time
point in a monitoring period, values for Pf(t), and P3(0, and estimates for dPi/dt and (1113/dt are
obtained. P2(t) can then be solved and constrain the solution set to a parameter vector ((3.12 , 022
.13°73), which is defined by well defined algebraic equations. Estimates of both P2(t) and ciP2/dt
derive the state of the constrained system based on 20point estimates as derived from the samples.
This allows for projecting forwani in time where a model trajectory will likely be at the next sample
point, and re-adjustment of the model parameters as necessary in a dynamic feedback self-correcting
system. [0087) The self-correcting mechanism and feedback system can be |mplemented ina
periodically sampled m&ZBJreraAtrepaes: e s S rra e ment ¥na re-] £arameter|zat|on can
take place at 25 each SR ititEVA ""ﬂ‘l’t‘gfhgé eli] %‘{fi)“bT““ S’ﬁmérf’]ﬂ}ﬁé’ Se "E‘g)l?rwe ting methodology, the
space of acceptable pé’?ﬁh‘?‘éﬁ?p\f@é%%‘ bTEBegH °t’6u3185373?§m 8 6”§f|ent speC|f|c vector that
projects forward in a preﬁlc‘f’\é > e EJector%(!!ﬂquSS}m t“s“y em.that dynamically,characterizes patient

ance; can ut il slopes &l

SprODUIatlonS based bn ?ﬂll‘)ll qulaliglltiymilgq}lﬁng%efv 08, i(pﬁstel‘lgllglllyg'ﬂplﬁgglgl&Q{Qg‘lg&can use that
information as a Type %empmqr er.in verify to 30the researcher scientist that the compound is acting

O €AY

on the target as expected. The @Qggaﬂmogj,grgggqcfgrymatcgqmaggmagan also be researched for
whether It is acting as gxpected. haraciatzation.atfilg.dnamiceniergencaiqbihe subpopulations is
based upon their behayiprs and (e RsQiRinBrofilesthey-exbilit:({a8) manexample, one
population is treated withhe Jasheompatng.ibile.anatharisamn dauniieated.cantrol. If the protein
profiles of the treated pepuwationhehavgdnhassarcdance withdhenrderlpinghypothesis as it pertains to
the compound's mechagisea-efaeiion, the protein profiles -12- will, as a conglomerate pattern, act as
a Type 1 biotnarker. If imcdyigualsathin-taat populston shaywieansideraplervariance in both the
direction and velocity ofthanpratetnrprofile) adivsimentteiiretdodes vkt sibiet-population members
can occur and the trial proteeoktanilys ithorigec-aceardirigty5106961FA Wariety of statistical analyses
are applicable for buildiffiearprobabititrspaceorrhBddt g T Krstrared Rdi exEfiBlary characterization
of similarity as measurdéi®ythe-frafmitribisdidranee ied Mdianmeistendr{ftitivariate) space. The
outcome of a discrhninanteferAetiShes Sy sTie e Eaty A MERAIAHTHIS tstared for every subject in the
analysis data set. THe dstictisBr PRSI #e discriminant analysis in this manner or similar
manners are known to Y& SRS S iH e TBE RS Hipte: s Ta4ta PSR ®ho independent

variables (for example, °Eﬁomarkers) are plotted against each

[0082] represent thé up-regulation or down-tegulation in time. The system iz represented but is not

timited by the vector equation:

25 KAt = ML, SNIG)* )
[0683] In yet another example, the dynamic state of bivlogical systems has a level of specificity
which: is captured in an exemplary biosimulation system. Every entity in the system will typically
act on & smal} subset of other entities. For example, protein 2 modifies the rate of production of
protein 1 by binding to a ccll surface receptor on an activated effector cell. The concentration of

30 protein 2 modifies the rate of production of protein 1. When a third protein acts on the production of
protein 2 the mte of production of protein 1 depends indirectly on the level of production of protein
2.



other. Each patient in the analysis set is represented by a single point on the graph_ The distance
between each patient's biomarker pair pattern and the centroid of the cluster of data is calculated as
the Mahalanobis distance and is represented by the ellipses in the Fig. 1, wherein the centroid can be
typically defined as the mean sector of all independent measures in the space of interest. The
15probability that any particular patient belongs to a cluster depicted herein is inversely proportional to
the distance from the centroid of the cluster. In this way the Mahalanobis distance ellipse on the plot in
Fig. 1 is used as a measure of similarity between the two sets of independent variables. This method
also accounts for noise in the appropriate distance metric by assigning probabilities of class
assignment for a particular patient based on the variance observed in the underlying clustered data.
20Thus this method can account for uncertainty in the probability space. 100911 In conventional
clustering, one typically works from a distance matrix, which lists the similarity of every object to be
clustered versus every other object. The process begins with the creation of the distance matrix as
known to one skilled in#8 &b K AP RATR SF disEnees among all pairs of patients must be
computed. Each of the distances betwe/ggpsgtggect data will be a 25 function of the measured
biornaikers. The function would take the fofm of a sum or weighted sum. The distances for a given
variable are, in turn, a sum of distancgs hefweenindiyidual observations for that variable. This sum
also may be weighted. For example, each cluster of subjects potentially represents a discrete clinical
outcome. 100921 The distance matrigmetric can include calculating a statistical difference, such as
the 30Mahalanobis distance, Euclidean distance, and Manhattan distance. The matrix represents, in a
statistically rigorous wastg similarity, ofdue mulivadiate patternsda.amuliidimensional space. Based
on these distances,indivigiigis:dia ginrpediagathiesdarcl uste fudd 0330 figu@oillustrates an
exemplary clustering metihed.of-definingthe diseiaie iclkaigabo uteamestinathis example, the centroid
method was used to detekming mukiplp, centreids-ebitiomarket-data-88patterns fEach centroid either
defines or belongs to a-differenteetobdiscreté:clinibal Sutcomes-baseddiptrenrdasured biomarker
information. In Fig. 2, examples-oftheiclassification: &f Iigrarkéér 8= 3 petterti® 8f a medical condition
include a partial responterddass telrotresportder class, a complete responder class, and an adverse
drug reaction class. Evépidataepoinficrel atetrtoraies sftioidotier edset fafdwithin. The controid
can be set to be the poirtiitost rapteSefidtb i iR e S Yo ga AR tHe Btafice matrix has been
constructed and discref@¢thirtar SUEEHES fave Pet i SHa SN by et 8FBiSmarkers, a probability

space can be constructet e m MR vA BT Hb bR Mor SXampla “%Tﬁg’gifis"j’ by applying a metric

i i terjved fi i . This 2 ) secting folwand in time where & i
that accounts for th® vargFEBesvaIEHES SHielire ot the H’é{fg"’éﬁ[s d upon the measured distance, a
o model trjectory, will likely be at the next le point, ard re-adrustment of the mode palmmei:as
probability for class assignm n_%“f(d)r any gbﬁg}éeﬁ:&lﬂé:@% er pattern is calculated. The calculated
oy A% ECES, ma ANTC L0 & (- - " .
probability for any obtained bionnuker pa tern d‘e"tm%s tshgtgro ability space. 10100951 Where desired,
e 0087) . The self-comrepting meghanisim and fepdback syslerh ¢an be impleidentetd 1 a pegiodically
a probability measurement is carried out by way of a Bayesian calculation. Other methods of
. . sampjed me?lsuremeus spage, and that mogel re namen b= rewpammetcrlzf_wn_canta'kc place at | A | i A
calculating the probgbility 1or class agsianment include, byl are.nRblmtsd 0. Neison-Aalen estimation,
the ordinary least squargs, sstimation. (e WelghiedIeast SaMaSSESIMalign.and the maximum
Ilkellhopd estimation. Aggmg‘[arpgmqajgtgg..gsg a decision tree analysis and from the measure
determine the ultimate %ﬁﬁ?U;'Mﬁ%@ﬁqm&g@ﬂ%&m&ﬂ%ﬁwﬁﬂaﬁmﬁmm oit {he longitudinal
sampling of predictive protein profiles can use that information s & Type 1 biomarker to verify to
30 the researcher sciemtist thet the compound is acting on the target as expected. The mechanism of
action for that compound can also be researched for whether it is acting as expected.
Characterization of the dynamic emergence of the subpopulations is based upon their behaviors and
the protein profiles they exhibit.
10089} In an example, one population is treated with the test cormnpound while another is an

35 untreated control. If the protein profiles of the treated popuiation behave in aceordance with the

underlying hypothesis as H pertains to the compoeund's rechanism of action, the protein profiles

~12-



15190961 Fig. 3 illustrates an exemplary method of the invention of building a mathematical model for
assessing a medical condition. Based upon prior history of a medical condition, a user (for example, a
physician) identifies the relevant clinical outcomes or outcomes. The physiology, a compound or drug's
method of action, and/or off target treatment effects are then utilized to help define the borders of a
probability space. 20[0097] A graphical example of the probability space and the discrete clinical
outcomes that define the borders of the probability space are illustrated in Fig. 4. Each number
represents a different clinical outcome. [0098] Biornarkers that are most relevant to the clinical
outcomes of a given medical condition are identified using multivariate discriminant analysis. Data
from the set of biotnarkers are classified 25 according to the discrete clinical outcome to which the
independent data is most closely correlated. [0099i After the data sets are classified by cluster
analysis and/or discriminant fimction analysis and identified as clinical outcomes, the centroid location
of a clinical outcome is determined. For each reference point or mdependent bionunker data point, a
probability of classificaffSr*HteEERE Vé?@ré‘ﬁ’é“e”@fmcgfr oeﬁtiég?ﬁ’gulag 1eddsd @&Jatﬁb[OOlOO]When data

fe variance in both the d;rec ;on an ve 0(;1 0 l eprotem mofite, ad

from an individual subjecff E"‘dﬁfame corres %1 one bigm "ﬁeeafnﬂ]e data is input into the

ses of the s Owtﬁ%a tion m m ers um pE A m prot oco ean be ¢

mathematlcal model an& ﬁis eome posmon WI in the probabl ity space is determlned A distance

outcome. In a preferre lﬁ’HQmQ,'EQe%Q tha%cg mg%mymambM@mmp@g@mnce For the subject
data, the model Obta'nﬁt@n%ﬁ@ﬁﬁmﬁﬁhﬁé;%xé eaRARAING ia.35eReh-dissiale. clinigal outcome. -14-
1001011A statistical estimation metbadis Usedie.convert thenpluiality Rfdistance metrics into a
plurality of probabilitiesfar.the skRieckdalia. Eash: prababilitwof the @huality.otpmobabilities
corresponds to a digcretga.glinical putcomeanampodimenti-the-statistiealestimation is a Bayesian
estimation. The pluralitysefpighabiliies-isuisedas-the,ceapdinaiesghihersuject data in the
5geometric probability sjpaces-srpch as-the-oae-diusitated-didkige okt iepositionrded the subject data
within the probability spacenis.ar assess neni-eitherwedioabaandition of theisubect. 1001021Rules
can be assigned by thesiser«fox examplesmedicatpersonmel) o sernppoirt firthe probability space.
The rules may guide thecbiiy tr urrerdtardirigetee sebjedestrraitinvedivaltendition and guide the
user in selecting a courseitghaétioh FOj0C eI THE e AS teddibae Hereintam be performed at any
point in time during obsefdtigfiaressubjettiosiedt Fas canPeBbediied 4t various time points.
The position of the subjettdataitHe ProbUHmPasSLE-taH T BReAleiittsl tfing the mathematical
methods described her&if=rhH& %E@tﬁé‘“ﬁ?“ﬁﬁfﬁiﬁ?’f&dﬂ’d‘%éﬂ&%ﬂfﬁ@‘fﬁﬁ”ﬁégﬁ‘%ﬁ%‘f subject data in a
probability space cdh b"é“?éﬁé‘ﬁ‘fé"da{‘dﬁﬂﬁ‘lB'é’{‘i?ﬁ‘j%fb‘f'v“’b i & Brobability space, wherein said
trajectory is indicative df"ﬁ”tl%é“%?“@ l‘%"“‘fgtﬁ“"%mﬂ%?é’g Oﬂlﬁﬁ'étﬁfﬁdﬁ {ofo ‘Fh“%“s"*‘w01041 'trajectory

sirni Ve ect to be clustered v SUS & ot cr object mcess bugms

1001051M a medical cond"if0 egm%iresses a su vte] B Blca{“(I ﬂl;]llt lbA( medlcal personnel.

crention art

point-of-care microflyidig devige mb:b ame q;;ceﬁasmglelqd@mh@% ??&EL‘%: a@&m the patient can

The distances for a given variable are, in turn, a sum of dislances between individual observutions
for that variable. This st also may be weighted. For example, esch cluster of subjects potentially
represents a discrete clinical outcome.
{0092) The distance matrix metric can include catculating a statistical difference, such as the

30  Mahalanobiz distance, Euctidesn distance, and Manhattan distance. The matrix represents, ina
statistically sigorous way, the shinitarily of two multivarinte paiterns in a mubtidimensional space.
Based on these distances, individuals are grouped together in & cluster,
[0093] Fig. 2 illustrates an exeroplary clustering method of defining the discrete clinical outcomes.
Tn this exampie, the centroid mefhod was used {o deteomine suitiple centrotds of biomarker duta

35  patlerms. Each centroid either defines or helongs to & different set of discrete clinical outcoines based

upon measured biomarker informstion. In Fig. 2, examples of the classification of biomarker



20be acquired and processed at multiple time points. The sequential structure of obtained data is often
a time series or a set of longitudinal data, but may also be data that reflects changes that occur
sequentially with no specific reference to time. The system does not require that the time or sequence
values are equally spaced. hi fact, the time parameter can be a nuadom variable itself. 10010611n
some embodiments, the time series of obtaining subject data is at least 6, 24, 48, 72, or 96 25hours. In
other embodiments, the timo series can be at least 7, 30, 60, 90, ISO, or more days. The time series
can also be over a series of years. 1001071 The longitudinal data provides valuable insight into the
progression of a medical condition or treatment. However, as the number of tested items increases,
the complexity of analyzing the longitudinal data increases. It can become very difficult to understand
or determine relevant data 30about a medical condition or treatment. 100108j 11m longitudinal data
acquired from a subject can be grouped into a vector or a trajectory to assess a medical condition. A
vector is defined geometrically as an arrow Wherelthe tful |ssstng |n|t(|)a|mpgs|pt anq the head is the
terminal point. A VeCt¢& Sc°6?ﬁbb°ﬂé°ﬁ 1§°'“"“’rlludr"ea“l’?if‘m 8"5“ “é;c%)lgrap Nical coor fg system, such as

yonder cl ss an cac oa dair'poulf is re tcd {0 a cen
longitude and latitude. 'ﬁf’a

o, By W M clfic mglrrpogr%wygmweoghvg&gors extensively to locate
objects and to determln% 'ﬁ cf‘ TaLon G n;g)\(gemgm t of aireraff and watercraft..J00109)Physics and

istance mam.x

engincering felds are Sha0ly e B e @pm,ragmmmlm and have stimulated much
of the mathematical re%e%rﬁﬁm'&}c@%np Id.0f meshanics.Mecin.analisisaRisstalaciude equations of
motion including locatiqp,, velAgity, AIGGlioR. ANdASSelerationiCRNiar agkaviyimmoments of inertia;
forces such as friction, glress.ahd stain, sleckanagieisandhemavitatianakdelds. (00110)Velocity, the
time rate of change in psition. i hewemkination of speed (vector length) and bearing (vector
direction). Acceleragiond@prRathes:commoneciomeuaatity pwiiichors theitiraesrate of change of the
velocity. Both velocity aned aocelerationareobiaine d-iangh vestoranralysigiwhich is the
mathematical determinatiamsohameciorspiopertiesantiorbehaiond=416%6011!) Vector analysis of
longitudinal subject datapestairingtorameiticakconditiotroende usedtounderstand the medical
condition and statisticalyaetenmine a-diserete: thnicat sutttmd »{@0Y )FErExample, the normal
condition for the individiwaican3iesobsernsed i ting iyitim sitkitecegforitiaidividual. The stable,
normal condition will becertosatentiriontipdititrrorirdiyrapgh (OorrsyFReEftividual's normal condition
may be disturbed by thexelrirseiatior it b TopHHTHEEMta G E g Mmedical condition. Under
the effect of the admini&teret prizraedtitiin e MARABTErE Heiiad eshetidl il become unstable
and move (torn its origiffal° SRS it tHE"§rEBh to a new position in the g raph. When the administiation
of a phammeeutical’s StEPpLE B e ST é"t"fz‘f?“fﬁl‘év Biarmacey °1“i1°”3 °‘c‘ic°mf md"d“ vidual's normal
condition may be disturBed®% L PR S llI“m%il to %ngtﬁéﬁ?“ oV SFthe Aarmal condition in the

graph. When the 20adm|n|sfr§f|on o harmace mmiséu?cm ped, or Qe effect of the pliammeentieal

rat noqt relevaui m T a gwe:n m ma[ conditiun are

endS the IndIVIdual S né)rma?igaaﬁaﬂﬁlon tm mman ana]ysss I!S%a%‘“rgm mmar(l-%er 3 Bre yggﬁg{aph before the

epiified vsin TVALTA

phannaceutical was, administer8d or1.a new or feriary,Rgsilian. thats.flierent.from both the primary
pre-pharmaceutical posjign andJhe secondamk PharmaseulicalasmianiAnsijan. 1001141M some
instances, biornarker valuigs.an. ShanGe.YE . [aRid.sueh thal standrid-sampling

each reference point ot indeperkient biomarker dat point, & probability of classification into cach

refesence clinical outcome is assessed.

30 jo0100] When dats from an individual suhject is obtained corresponding to at least one bicmarker,
the data is input into the mathesnatical inodel and its geometrical position within the probabitity
space is determined. A distance melric is then used fo determine the position of the subject data with
reference to each clinical outcome. In a preferred embodiment, the distance metric is the
Mahalanobis distance, For the subject data, the model obtains a distance metric corresponding to

35 each discrete clinical outeome,



25(for example, a lab test) may miss large changes in the values. In an example, sepsis can occur
very quickly when a patient is using a pharmaceutical or is a member of a pharmaceutical clinical trial,
Many times, early clues as to the medical condition of the patient are not seen because current testing
procedures do not occur rapidly enough. Also current testing procedures are inflexible within a short
period of time, so if a patient needs to be tested for a different bit:marker value or 30physiological
parameter within a short period of times (for example, 4 hours), it is often not possible to receive test
results. 1001151 Large changes ira biomarker values can occur such that conventional lab methods
which use only one sample dilution level cannot measure the analyte due to the range of the device.
Often, more sophisticated lab methods that use multiple dilution ranges that extend a range can also
be 350verwhelmed by a massive change (for example, greater than 1000-fold) in a biomarker value.
Ifs dilution is repeated to obtain the proper range, in many instances 24 hours may have elapsed
before -16- the results of the assays are obtained. As described, a system or method herein can
report results in near ré¥FtiHEfEshitEitheferfo A EaEArpEIEBHH ME S e 4ility to change the
course of medical actidt2¥ HeekblEH e thE bishrarkdi At deShtamed Eor example, when an
increase of an analyte BETRESH HEess iAetaies: s"'rz{{‘°ﬁfi?6“’Fdiﬂh°2‘W°fb‘ldm"§ﬁbs 157 *F000-fold, 10,000-fold,
or even 5more, it can ifereNEE THE Ui f G TEver 5 d}fo‘“r’“fﬁ“:tﬁ:“?" ¥ afipie lCf'or example, 100, 200, 500,
1000, 10,000-fold or hliﬂémjnlﬁ ot |ﬁ6°ﬁ°t3wé samm”“s mf’cga gu:jq?c rge%fé’urement of the analyte.

100116/ In an aspect h%{%&ﬁ;ﬂ%‘iﬂ eth ;étymé"qﬁltgnﬁmgeg SIS geveﬁqﬁnent of a subject comprises:

cucr 0 a1y poin i

measuring at least two parg megg_,rﬁg‘% ected . frem.ih 1&@&%{:}:9%}(;&}) qu;grggmgyature of said subject, (2)
protein C concentration, Qf, ﬂgﬂ biect, @M@;ngpb@agagl -6) concentration of said subject,

10multiple times to yieldaa 6 18 MRSALUIE LIS Cadiendn 3Nk, sf.and Wherein an increase
beyond normal body tegparatiie.: afaaeasCiR Rl LreanceniatianardiQsan increase in IL-6
concentration is indicatigafthedevelrpment.of sepsis.drsaid subiect-WA desrease in protein C
followed by an increasegf Hobisande-irdicativa-pithadenelopment aksapsigdnsaid subject. A
decrease in protein C felloweaddyan:ingrease gid kné-and ar-nciease-beyore:Rormal body
15temperature canibe mndicadivecpf-the-development of sepsis in said subject. In some instances, an at
least about 10-fold, 10Gfolei-#86+fold, S00-fold, 1000-fold, 10,000-fold, 500,000-fold or more increase
in IL-6 concentration inteaiel/subjéet ddid icative obtfireisteivdloprived txofedepsigrin. said subject. In a
further instance, an at feagtadyet # Q=feidy ¥OB:fotdk: FOO: sl thiB0eMo e 1000 sfglef, or more decrease in
protein C concentratlon’ﬂﬁ@fa?d i) it diean verafdtierd eveiop e frrof sdpsiy

be scquired and processed at multiple time points. The sequential sbructure of obtained data is often
4 time series or a set of longitudina! data, but may also be data that reficets changes that oceur

sequentially with no specific reference o time, The systein does not require that the time or
sequence values are equally spaced. In fact, the time perameter can be 2 random variable itself.
[¢0106} In some embodiments, the Eme series of obtaining subject data is at least 6, 24, 48, 72, or 96

25 hows, In other embodiments, the time series can be at least 7, 30, 60, 90, §80, or mote days, The
time series can also be over a series of years,
{00107 The longitudine! dats provides valuable insight into the progression of a medical condition
or treatment, However, as the number of tested items increases, the compiexity of analyzing fe
longitadinal data increases. It can become very difficult 1o understand or determine refevant dala

30 about a medical condition or treatznent.
{00168] The longiladina] data scquired from a subject can be grouped into a vector or a trajectory to
nssess a medical condition, A vector is defined geometrically 28 an arrow where the tail is the initiai
point and the head is the terminal point. A vector's components can relate to a geographical
coordinate system, such as Jongitude and {atitede. Navigation, by way of specific exmmple, uses

35 veclors extensively ta locete objects and to determine the direction of movement of aircreft and

watercrafi,



20in said subject. 1001171(n an example, when no significant event is occurring in a patient following
chemotherapy at home, the measurement frequency of an analyte can be reduced. In some instances,
the system can prompt appropriate action by a user based on prior results, 1001181 In some
instances, the methods and systems described herein allow for the monitoring of the 25health status
or medical condition of a subject throughout a time frame as small as a few days. For example, the
evolution and pathophysiology of the disease process, the response to therapy, and the possible onset
of untoward side effects upon exposure to a drug can be monitored by longitudinally sampling blood.
Front these samples a profile of key circulating biomarkers can be established. Specific biomarkers
can be selected based on, for example without limitation: knowledge of the 30 disease process and its
molecular pathophysiology, the mechanism of action of a given compound, and its observed effects
profiles. [001191Repreaentation of a similar movement of longitudinal data to that previously described
is illustrated in Fig. 5. At each time point (r =0 to T 9), the data point is plotted in a probability space.
The line traveled from éi’ﬁ’é’B’Hﬁ’Fft’é’ff?é‘“ﬁ’é%&“ﬁ‘%‘“&W‘@’&%P‘”?@[Oﬁ’fﬁbT“D?ééﬁé%s‘“fl the individual may be
aided by studying sevest s&’@ﬁ“é%f%“’ﬁf%é“‘i"ﬁ‘(‘f?fﬁ%@ﬁ? of I ETRERTEEFSMETIEA condition in a probability
space. The direction (fﬁﬁeéiérlﬁdﬁfé“?ﬁ”é" RGP S?loélrlfém‘féhdndac e atﬁga@fﬁ followed by the
medical condition as it nféﬂvés e GFaBA BaR Hid In the diagnosis. prognosis and treatment
decision-making fora ven cwilnl aI outcome. The speed an acce eradtlvcmqf tme movement of the

110 v oa:lty the ti cmt ge in posit comnl matmno spee;

medical condition in th p may al §gek()’f°h agmgghstwmnmvggdm {he.posiiQn of t@%mglwdual s medical
condition at an indepen &QEJMPQ@%‘EMU@! t}t%lLQQmQ@QE\%H&é j;QQ&Z&&@JM%HJhat the direction
and/or speed of the maysment:f dhenarmal.condition.indhe.graph is diagnostic, one can use the
direction and/or spegd @fihe.lnitial,movament Qfthe.nesmal conditichdeRiedictsthe consequent, new
location of the normal cangition; eRepesiatly ik k-is.establishedthatadenthe effect of a certain agent
(for example, a pharmaggiiticahthare.ae aphsa.cantairaumbeseiiocations.dathe graph at which an
individual's normal condliignswilhsiabitizewnd R4004.22% Howevek in.cemie: sispeqts of the invention, both
diagnosis and predictioobassessing.the: machcal conaiior of arsilbjecttare performed by qualified
medical personnel and gae-raathematieal mredebprovideserediscatenaliool and resource. [01123[Fig.
6 illustrates an exemplamymethbdeofitheinventiomidoritephymgE-mathe maticabmodel longitudinally in
real-time. Relevant biormiikénseard iiserete-elinicalrb itcomeseomespondintte’ #5different biomarker
patterns are predetermiteel-frairriistOrestieatie Pétacs b oprainetitotmbeigutiect and the data
corresponding to each releyhifitrBi8 Hidrkem s HReStrEt Tdte & Bl bbtained Mau the subject
using a point-of-car® mitrEftitc devrEe b iwst, e e isBEmattrahY manner. Each time the
data is obtained a distafft&" e (o ExEmipE ‘°I’f’té‘tﬁﬁ‘r'al’ﬁsdlfif%’“&‘rsﬁ‘é{’ﬁE‘”é‘ﬂ"l‘gecalcuIated in relation to each
centtoid obtained from BETESH XAl SR GItHe TSIl Gar e EeH POy fepresent the discrete
clinical outrotnes deterr‘ﬁ‘ff‘i‘é’d"ﬁ"éﬁf“‘ﬂ”\"@“ﬂF§i‘8?’i&’é?l“ﬁ§f%i‘daiy(3’b“i'?ﬁ?’tﬁ?§‘fsé’ﬁ SRR the flow diagram in Fig. 6,
for each individual data'SEt{AF q}ﬁ* %“’"f'hke‘ B¢ rb"?"ff/ ”th&‘@diﬁaféh “é’l‘é‘ﬁ"r?ﬁm “pfo each clinical outcome

V& ucs Inan exatnp CFl

is calculated. The probérﬁ)lf m‘i‘s“ e AL %ﬁ‘ﬁw%”a‘ istan fric using ‘q statistical estimation
[ annaceu 1c110r1 amseI *e g%

t 3t
procedure, such as a. ﬁ gfé‘tﬁ &l imat 09 09 T?:uci ted. Qro
xem c con tono patienl amnm sccn CCRLISC

mes, qa.ryc WLEF-ERTeR]

each time point of suquct ata IS as

csting procedures do nog)ccur Tapidly enough Also current testing procedures are inflexible within

a short period of Eime, so if a patient needs to be tested for a different biomarker value or

30  physiological perameter within a short period of times (for example, 4 hours), it is often not possible
to receive test results.
[00115] Large changes in biomatker values can occur such that conventional lab methods which use
only one sample dilution lavel cannot measure {he analyte due to the range of the device. Ofien,
more sophisticated lab methods that use multiple dilution ranges that extend a range can also be

35 overwhelmexd by a massive change {for cxample, greater than 1000-fold) in a biomarker value. if a

dilution is repeated to obtain the proper range, in many instances 24 hours may have elapsed belure

-16-



25probability space. The calculation is repeated for each time point. 1001251A trajectory or vector is
then created by inking adjacent time points. The distance, direction, speed, and acceleration of the
vector can be calculated and plotted for display or review. If the user (for example, physician), deems
the data to be of significant importance, the user may activate an alarm or warning system and
accordingly change the course of action for treating or 30monitoring the medical condition. After a
course of action has been adjusted, the steps assessing the medical condition of a subject can be
repeated to continue to monitor the intjectory of the subject. [00126] Fig. 7 illustrates an exemplary
method of the invention for developing an alarm or early winning system for or upon assessing the
medical condition of a subject, The trajectory of a medical condition of subject and the information
corresponding to the trajectory (for example, speed or 35acceleration) is obtained dnough a method of
multivariate statistical calculations, such as the method illustrated in Fig. 6. In order to analyze the
information obtained from the mathematical analysis, qualified medical personnel (for example, a
physician) can establist eriterfdferaenotiy iy iAo WEITNG e@&%ﬁﬁ’ '“‘“‘5& on the measurement
of bionaarker patterns o4 fritirid " f@&?ﬂﬁfﬂﬁ%%ﬁmméfhoﬁ’ aﬁ%f\’&s 8ach individual user to
define the value and séf“&“f“&?‘ffé‘?ﬁ%‘fé”f’ﬁ%"“‘“‘ &) °“f§' AL m}ﬁ“ﬁ”'ﬁ%‘:ﬂ]g mﬁm \{lgua user's priorities. It is

increases b 100 fold,

understood that each U&&H°S or St PRYSICIAN May vie u%n 1, medical condition, diffetantly and the example

set cd tmn Tefvel used for

method of Fig. 7accounfs or t’IH renc gﬁ{gtpqizm rgmggg‘gmggﬂcmgpod of the invention

0,000~ f 1 er) m a tioh to chan; SkETT

clinical criteria for the me cal :%&%“9;&%?&4@%8%5&%J?M%aﬂﬁ;f@&@bclvsmﬁb&&fogress lines are
positioned and determ'B%?irQ&’c@&LQQM@H@J 4SS SIER A8 Hedicakpersarpel, The user may assign
different locations of thg, RIRAFESS ISR ASEHHRORIAE sibjest-Ristarumbistaticatdata of the medical
condition, or personal xpareRNe AR Examplenf Aprolbakilit.chaae withu#ules-demonstrated as
progress lines is illustratgeinidignd 0ok @xample; if the irajeoters obesubjeetgoes within one of the
progress lines illustrategiinfig=8an alarmm6rmamingsystemunaysbe activated to notify the user or
the subject. Other possiklestesuiis dsinctudey buteraLnetthmited-teyoa Systéry printout of the medical
data, a user interface displayiang thedatormatiorcrasflashing: kghtianatert-systenr! an alarm, a buzzer,
an email, a telephone cemmumicationean-ipRe el d9efetn CTREGIHPAISYSternot only assesses the
current medical condititrref iesseisjeetouintitragedseeyield s couresoraetien for the user, [001291
Whet! one or more of UsiEeharfatteristiesef e rHfettofn) - SitrPasle LE8tifE ¥alue as 20 determined
by the model user, an e ot Taring Systeir ar phear it P hE TEBr A then

in said subject.
[00117]In an example, when no significant event is occurring ina patient following chemotherapy
at home, the measurement frequency of an anatyte can be reduced. In some instances, the system
can prompt appropriate action By a user hased on prior results,
[00118] In some instances, the methods and systems described herein allow for the monitoring of the

2% health status or medical condition of a subject throughout a time frame as sinall as a few days. For
example, the evohuion and pathophysiology of the disease process, the response to therapy, and the
possible onset of untowand side effects upon exposure to a drug can be monitored by longitudinally
sampling blood. From fhese samples a profiie of key circulating biomarkers can be established,
Specific biomarkers can be selected based on, for example withowt mitation: knowledge of the

30 disease process and its molecular pathophysiology, the mechanism of action of a ghven compound,
and its observed effects profiles.
{66119] Representation of g similar movement of fongitudinal data to that previousiy described is
itlustrated in Fig. 5. At cach time point (T = G to T = 9), tho deta point is plotted in a probabllity
space. The line traveled from one point to the next is a vector.

35 {00120] Diagnosis of the individual inay be aided by studying several aspects of the movernent of

the individual's medical condition in a probabilily space. The direction (for example, the angle



determine the next course of action for assessing the medical condition of the subject. t00130) In an
embodiment of the invention, medical personnel or the subject can be notified of a need for taking a
medical action after assessing or characterizing the position of the subject data in a probability space.
Examples of a notification include an alert system, an alarm, a buzzer, an email, a 25telephone
communication, and a pager system. [001311 Medical personnel may take medical action when
notified by the methods of the invention that the medical condition of a subject has violated a rule
imposed by the medical personnel. Medical action inclutle,s, but is not limited to, ordering more tests
performed on the patient, altering the dosage of an administered therapeutic agent, administering a
therapeutic agent, terminating the 30administration of a therapeutic agent, combining therapies,
administering an alternative therapy, placing the subject on a dialysis or heart and lung machine, and
administering a pain killer. In some embodiments, the subject may take medical action. For example, a
diabetic subject may administer a dose of insulin.  100132jAfter a medical action has been taken or
has been chosen, an dﬂ‘i’é‘tﬂﬁ‘i‘éﬂaﬂaq%{’é‘]’(f%i‘ﬁ“’b‘éy%ﬁ@’t‘fbﬂ%&“fb?%ﬁ?bﬁgﬁ%fﬁ“g“d“result of the selected
action. The outcome af‘fé‘f%ﬁ‘sc%‘f*?‘Pé*éiﬂ"fﬁ“@ﬁff(?ﬁﬁ“éfﬁ&’ﬁ‘ﬁ&%fﬂﬁa ‘i"ﬁh‘“iﬂ“mm?lﬁqu sﬂ“fd of the discrete clinical
outcome of the subject“°"'['€fﬁi‘i‘3§"‘“ﬂ’ﬁ‘)‘f‘&°flh°fé’5f“8d ftesme: ’F’éhéfﬁffptbmr“’éfl 5 nml”é'f } 0'a particular medical

adividugl’s medical conditio atanmdc en{t’zmc omt yu noau

£ th
condition may be utiliz84 85 a diScrete ¢ inicaf outcome. PO ?§° lscr Enlcal outcomes may

gwcn that the direction and/pr s Uchmlto co’n non m

be generic, such as reé oH er, non-respon erP artl espo 9[ they be more specific
iagnostic, nnecanusa eusona,n or Bpee nf r.he 3 moverdento eno bn ok

such as adverse drug red 'Oﬂan,quu% dition, disgrete, clini a!,gy&%m%mamﬁequellae or

downstream clinically 5r§ avant ey %%ﬁ QL ﬁ%&%ﬁ%@%&%ﬁ%&%%@%ﬂl@ﬂ@f any
pharmacological, pathQphysiologigakatRailmrsychelagicalclinical.autcome. The subject data may be
obtained during a figst time;peredheiors.an snenionLis-admninisierss athprpatient, and also during
a second, or more, timg.periads) aAftesdhe intenaniiands.admisisieragiodhepatient. The intervention
may comprise a drug(s)ansiaraRiaceho.dhedatarvention may be suspected to have a propensity to
affect the 10heightenediskrfsthe.aRsalofihespaoificumed vaboon diticrxtheddatervention may be
suspected of having a prgpaasiidtitle crease.the-leightenadsisk-oitheanssi of the specific medical
condition. The speaific saedicabeenditisndnay-ha-an-wnnaatied side effect-The intervention may
comprise administeringai-drughc-andonirerain-the dragthaske propendity todretease the risk of the
specific medical conditivnpttiespedificrnedicaticorditibiindairdevairdirdesiretidide effect. 15[00134]
Medical conditions inclede=paEmkémot dfinitedd: prarriacSlogear Pathsisgiesr physiological and
psychological conditiorfe- et asaimplectaprisiiEmtyoatiteaoraimkeir-andmdiy, anxiety, cause,
disease, disorder, ifhesgHdiepositrdir-infiraity e Proplet ei-dfihaiess, and may include a
positive medical conditiefy Eeaivdieloreltg ™ Brdgfranty ard fetar de8eruttélfersed male pattmn
baldness. Specific medieaP s dRERE PRI I HITEAIETO T FTTY fb"f'ﬁ&"b‘f‘é’d‘éﬁéﬁ%‘ratlve 20disorders,
reproductive disorders, o P S S P ST P e §6Pﬂ"é‘r'§‘ il lar?f’rt?‘iatory disorders,
cancers, bacterial and \/Tr%ls‘r"ane%?ﬂé’ﬁds""ﬁ“b“b Stéds P"'“‘ i f‘§h5’n° "é“ﬁ“ SRR BRI Other diseases

time p oind,

include, last are notlim{{ad 1o, ﬁ?ff)um atm’”s h‘tls endomelrigsis, multiple sclerosis, stroke,

I
SIAt of vecmr 18 cn crca egi%l ing adjacent time points. 1

Alzheimer's disease, Pgrl'<ms n Zﬁ{mqses unt gﬂtq} &&?‘?alﬁ%ﬂ quq@gge%gws“runyotrophlc lateral

hion, ape afion ol the vecior

sclerosis (ALS), |schaepdas aT1erpe p%ero |{§:é §wdqa{mycgmgnrlgla[m farction,t Xgertensmn 25 pulmonary

user (for & SICIAT,

hypertension, congestive heart tafuré, fhromboses, diabetes melfis, mes ey 11, lung cancer, breast
cancer, colon cancgy, pr%ﬁr&gamgah&vwm9%&%&%@@&} G.GANSELRLalRKancer, solid tumors,
melanoma, disorders of,[jgicl metahQUs . Y/AIRS, Henedts.imelding,1eRalis A, 13 and C, thyroid
dlsease aberrant aglng@(ﬁi@g 9*;]&{{;%?&1 g&'&%‘?ge@&ﬁgﬂ§%@%an for developing an alann or early

warning system for or upon assessing the medical condition of a subject, The trajectory of a medical

condition of subject and the information corresponding 1o the trajectory (for example, speed or
15 accelertion} is obtained through & method of multivariale statistical calenlations, such ag the

method illustrated in Fig. 6. In order to analyze the information obtained from the mathematical



[00135[1310logical Markers 30[00136J Biological markers, also referred to herein as biomarkers,
according to the present invention include without limitation drugs, prodrugs, pharmaceutical agents,
drug metabolites, biomarkers such as expressed proteins and cell markers, antibodies, serum
proteins, cholesterol, polysaccharides, nucleic acids, biological analytes, biomarker, gene, protein, or
hormone, or any combination thereof. At a molecular level, the biomarkers can be polypeptide,
glycoprotein, 35polysacekuide, lipid, nucleic acid, and a combination thereof. [00137101 particular
interest are biomarkers associated with a particular disease or with a specific disease stage. Such
bionaukers include but are not limited to those associated with autoimmune diseases, obesity,
hypertension, diabetes, neuronal and/or muscular degenerative diseases, canliac diseases, endocrine
disorders, any combinations thereof. 5[00138]Also of interest are biornarkers that are present in
varying abundance in one or more of the body tissues including heart, liver, prostate, lung, kidney,
bone marrow, blood, skin, bladder, brain, muscles, nerves, and selected tissues that are affected by
various disease, such asiifferénrtyiresofcdrcerfraligriantorion sAetastEtit)® autoinamme
diseases, inflammatory sk tiegenesative He 4s e Om 3ErRs Y higtestiid hnalytes that are
indicative of a microorg&iiism. Exemplary 10 microorganisms include but are not limited to bactelium,
virus, fungus and protdﬁ"d’d‘ %‘tﬁ"é?’“[fi‘lﬁ?ﬁﬁ?k%‘%‘d&%ﬁ’lﬁec?’?%?ﬁahéf SIBjSCT 5188 incfade blood-boni

cording to th mdw desaf user trior is understnod 1uﬁer OF su.lanmay View
pathogens selected (m'iﬁ ﬁ opu[p hat cons&s‘} aphy BqlocgiHs epedermides,

lgios
i d.u d the example metho g m_,c un[ or €

Escherkhia colt, methlc"ﬁlr"i1 rgvfé’. i Hx oS Clre s KISKA), Staphylococcus aureus,
excm arymcuo c vcnmm asslgns mgrcss] es to each diderete clinic

Staphylococcus hgrpn'g"; R gsmg?%gauﬁfggyc 19083, AETglesAsplaphylococeus capils,
y us w wRiebsie

pAsRES ovcr aBnﬁumonl%]ecda}]e a‘%{. m%&mm@%% -§l@.phy|OCOCCUS SImU|anS’
Streptococcus pneymortiag;and Candid’ albicans, 1001401 Blomarkers.alsa.eRgampass a variety of
sexually transmitted diseases selecied rom.theJdollowing:aongubeadbiaissaria gorrhoeae), syphilis
(Treponena palltdum), glate fﬁ&(&lm&da&m&%&%&&m&%QQQQQ@LM@IEEJH%(Ureap|asnl
urealytecton), yeast infegtian-(eandida: alhicaps ) ROsanergig4Haemaphilus.dusreyi), trictiontoniasis
(Trichomonas vagenalig)geental Harpasl4aM bpey 8k )y tdhids Dibddignehhepatitis A, 13, C, G, as
well as hepatitis causeddhy, b 10034 bl:k3iarpanker s-ensempass-atdivesgibyefirespiratory pathogens
including but not limited.teniRscucoR aas ae sugnosapvistmoilnsiresstant Staphlococccus mums
(11SRA). Klebsiella pneuwmoeniacsliaeptephilidnituenzae, -Staphitotorcusraisreits, Stenotrophomonar
maltophilia, 25Haemophilis-paramfivenzaetbEschenchiddaitiEnterococcus faecalis, Set-ratio
marcescens, Haemophiligptrakaemetyiictas Enterdbocttciogscasreantita alb/cans, Adoraxiella
catarrhal's, Streptoebccespricwhonide-Cirehacter-etidi Ertetclestsfdetium, Klebsella asytoca,
Pseudomonayv fluorscetrisireisesriaoyiehifigfiassSifeptbeueis pys Yérfes, Pneutnocystis carinii,
Klebsella pneumoneaelt’Blfotiets e Hopta: AKepEeHa b rtHB s dHdMycobacterium
30tuberculosis. [00142]Ti&teBamsHiHrE LA Fﬂﬁﬁ%ﬂ”b%ﬂfﬁfé?ﬂ’?ﬁ%?ﬁé%hﬁ&%%‘rﬂiﬂb to the present
invention: Theophylllnc*”@ﬁ‘f-"‘E‘Ki%ﬂ?i%“fpﬁ?imww%ﬂ%m@ﬂﬁ?g‘"I'S‘Fbg%szféf‘?)ﬁe "I'x132,
6-keto-POE-1- alplla”ani‘ifﬁ*‘ﬁ’éﬁi’ Wililat=N *E*é‘t‘r*ﬁﬁ i8“"Lutenizing hormone, Hi h sensitivity CRP,

Trigiycerides, Tryptase“’f’_SW Cﬁg" i ofg‘eﬁcff%‘fé"éeé% :H’( %"(‘f?enisf ip oproteln Cholesterol,
Cholesterol, MFR. [00143 EX&ND “‘mtim"?”c“?aﬂr%“é?m inc uﬁp ouf linfitation, Arginase 1 (liver type),
1I acm)n P des ut is not imﬂ so o lering mpore eéts ormed on the in g yp

di
Al p hafeto p rOte I n (AM T(da.sﬂgﬂ of i:Ffli it 19&@5%&61’81!&! ic aRend Slllll(l!s[lﬁl?gtlk? e n?i§ (I(IALTﬂ)]htlﬂg%tate de hyd rog e nase

(LDI), Protein C, and Bl 150744] Exemplary. Kidaey maskers Jnslids. without imitation TNEO
Receptor, Cystatin C,

placing the subject on a dialysis or heart snd fung machine, and adwinistering & pain kiiler, in some
embodiments, the subject may take medieal action. For example, a diabetic subject may administer a
dose of insulin.

0152} After a medicnl action has been taken or has been chosen, sn ouicome analysis can be

35  performed for characterizing o result of the selected action. The outcome analysis can lead to

automatically updating the probability of the discrete clinical outcome of the subject.

239



5Lipocalin-type urinary prostaglandin D, syntbatase (LPGDS). llepatocyte growth factor receptor,
Polycystin 2, Polycystin 1, Fibrocystin, Uromodulin, Alanine, aminopeptidase,
N-acetyl-B-Dglucosaminidase, Albumin, and Retied-binding protein (REP). [00145] Exemplary heart
markers include without limitation Troponin | (TM), Troponin T (TnT), CK, CICMB, Myoglobin, Fatty
acid binding protein (PAUL"). CRP, D-dimer, 8-100 protein, RN?, 10 NT-proBNP, PAPP-A,
Myeloperoxidase (MPO), Glycogen phosphorylase isoenzyme BB (GPBB), Thrombin Actiyatable
Fibrinolysis Inhibitor (TAN), Fibrinogen, Lschemia modified albumin (IMA). Cardiotrophin-1, and MLC-I
(Myosin Light Chain-1). [00146] Exemplary pancreatric markets include without limitation Insulin,
Amylase, Pancti Assocoated protein (PAP-1), and Regeneratein proteins (REG). 15[00147] Exemplary
muscle tissue markers include without limitation Myostatirt [00148] Exemplary blood markers include
without limitation Erythopoeitin (F-110). 100149J Exemplary bone markers include without limitation,
Cross-linked N-telopeptides of bone type | collagen (Nix) Carboxytenninal cross-linking telopeptide of
bone collagen, Lysyl-p{#idiHatitfetteorysiiiatehme) =Pttt fef gpidieetdsistant acid phosphatase,
Procollagen type IC propeptiaéeprecaiage e mepbpetite tetesealer BheGla-protein), Alkaline
phosphatase, CathepsHr RTINS tMEeEroifGiErE R BrEim OLdseiin - Osteoprotegerin
(OPG), RANKL, SRANK* FRRPSEFRATT By tLashiger Speciit Tactor TIOSF-1, Pleiotrophin),
Soluble cell adhesidn MGBEUTES: Sl Sfé‘?’fﬁ')%‘f%?ﬁ@iﬁ%%ﬂﬂ;iﬁﬁ%ﬁfégﬁﬁlﬁ; °§:§lpecific Factor 2
(OSF-2, Periostin). [Oogfe?ﬁﬂwhs% e el mboé;ﬁgﬁzs: adﬁgé’% accéjrcél 1 oﬁ\% present invention are

intervention is a ent, snd also durng & ccelﬂ,g)r T

disease specific. Exemplary cancer markers incldde inithous limitation,PSA.iqtal prostate specific
antigen), Creatinine, Pogtalic acid Rhasphales, LeA.camnlexes. Rrastatesspecific gene-l, CA 12-5,
Carcinoembryonic Antigen.(GBA}.AIRDa fele.RIIRin ARR) mheGdiipanGiligl Lie 30
gonadotropin), Inhibin, CAA QVARANGLA G 1l ikl cldnd sl e astonl 924, Her-2,
Pancreatic, CA 19-9, Cgreinaembioiic.ARtgatbAPaseraalic-MNawran.sprcific enolase,
Angiostatia  Delt3 (Solubig.aecoy, ecaptnd):mRdagiatii bt AMK Mit-}yidcree Immuneglobulin
Light Chain Kappa, Fregsdmaiimoegiohulin.lighttihain.dambdayerstatin, Chromogranin A,
Adrenemedullin, 35intagurmvepidermat growth ~edonitecapioskiidermmadigrowth factor
receptor-Tyrosine kinagesifRegs! sk 2sciadienoneduiiin:irtetmmna 2@t geptitertvaséular endothelial
growth factor, Vascularerdotirelislgtewth factgfivctiopirStefdcetibfactorreceptor, e-kit/KDR, KIDS,
and Midkine. [00151] Exeirsfaryitifectiotiodisefiseria ke ettt fireieation Viremia,
Bacterenda, Sepsis, PMMrEstise, PNRmedabradirHrmr SopreiesiiaetaEt Pistein D (SP-D), HBVC
antigen, 5HI3Vs antfgefirkrti=r@T e Smmen e T i Sur eamdntEr TP antigen ratio, T-helper
cell antigen, Antl-HCV, BYrIgers; poarrtige N Attt f5EreXmplary diabetes
markers include without ittt et  reftyB B A, eRFatey A Advanced
glycosylation end proddtt§ {RGES) 8 KRy Gt st HBIISI BSIyBEbtide, Insulin,

. A 5 LALR) igchaemias, atherostlerosis, risk of myocardial infarction, hypertension,
Glucose, Hemoglobin, ARGH TS ahd s ‘ . !
25  pulmonary hypertension, congestive heart failure, thromboses, dinbetes mellitus types Lor I, lung

cancer, breast cancer, colon cancer, prostate cancer, ovatian cancer, pancreatic cancer, brain cancer,
solid tarpors, melanoma, disorders of lipid metabolism, ¥IV/AIDS, hepatitis, including hepatitiz A,
B and C, thyroid disease, aberrant aging, and any olher disease or diserder.
[00135] Biological Markers

30 [p0136] Biological markers, also referred io herein as binmarkers, svcording to the present invenfion
incliade without limitation drugs, prodrugs, pharmaceutical agents, drug metabolides, biomarkers
such as expressed proteins and cell markers, antibodies, serum proteing, cholesterol,
polysaccharides, nueleic acids, biological analytes, biomarker, gene, protein, or hormone, or any
combination thersof. At a molecular leved, the biomarkers can be polypeptide, glycoprotein,

35 polysaccharide, lipid, nucleic scid, and a combination thereof,
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10[00153] Exemplary inflammation markers include without limitation Rheumatoid factor (RE), Tumor
Necrosis factor-a (TNE-a), Antinuclear Antibody (ANA), C-reactive protein (CRP), Clara Cell Protein
(Utemglobin). [00154J Exemplary allergy markers include without limitation Total IgE and Specific IgE.
[001551Exemplary autism markers include without limitation Ceruloplasmin, Metalothioneine, 15Zinn
Copper, B6, B12, Glutatitione, Alkaline phosphatase, and Activation of ape-alkaline phosphatase.
100156J Exemplary coagulation disorders markers include without limitation b-Thromboglobulin,
Platelet factor 4, Von Willebrand factor. [00157)111 some embodiments a marker may be therapy
specific. COX inhibitors include without 20limitation L(02 (Cox-l), 6-keto.PGE-I -alpha (Cox 2),
11-Dehydro-Txn-la (Cox-1). [00158] Other markets of the present include without limitation Leptin,
Leptin receptor, and Procalcitonitt, Brain 5100 protein, Substance?, 8-Iso-PGE-2a. [00159]Exemplary
geriatric markers include without limitation, Neuron-specific enclose, (LEAP, and 510013. 25[00160]
Exemplary markers of nutritional status include without limitation Prealbumin, Albumin, Retinal-binding
protein (RIM"), TransfeHim7méptttiornStmiienirigProteih trspriadipsiettineAfouti-Related Protein
(AgRP), Angiopoietin-like Prieseiit A arrePricAt MRPFC Haptiie ArART (Rtfipocyte Fatty Acid
Binding Protein, FABPAyaeytatio Sttt At 'pffﬁlt%rﬁ‘/gﬂ%ﬁ)‘?’ EERBE (EpE&Tal Fatty Acid Binding
Protein, VAMPS), 30GHEgttift et agenGiuesisiiike Peptide-1, Glucagon-Like Peptide-2, Ghrelin,
Insulin, Leptin, Leptih REESHISE BYy RETRE HeSEns hit e SambE Transterrin Receptor).
[00161J Exemplary ma?ﬂ?é‘l‘?“%f“ﬁ‘ﬁi‘ﬁgPﬁ“éttléf’ﬁro‘ﬁ”sszr’ﬁ“ilﬁnélﬁgléymﬁ%mﬂﬁ| 5 Fﬁﬁ’lﬁuﬁ?—ﬁé’oprotents (several),
Apo-Al, Apo-B, ADO-C-W&AﬁfSEﬁfﬂA?%?E? TS Exéﬁlﬁﬁﬁm&)gb Jlation éfatus markers include

. L . C lHgnant or non-me tic); auloimmune disenses, Anilamtoatory oFdegenerative GISEASEs,
without limitation Factomﬁ?ﬁﬁ}mvﬁm%%%ﬁu SLotFOrROIN, EAGIQL AL, Tissue factor, Factor IV:
Calcium, Factor V: Proaecelerin, Fagtor Vi, Faciar. Vil PIeonys i, agtary1il:, Anti-hemolytic factor,
Factor IX: Christmas fagtor, Factor.X: SiarkPrawsriacies.dasierl chlasmathromboplastin
antecedent’ Factor X”:glr_tl@rmms of Staphylococcus epidermidis, Escherichia coli, methicillin-resistant

Staphylococcus aurcus (MSRA), Stephylococeus aurews, Staphylococeus hominis, Enterococcus
faecalis, Pseudomonas aeruginose, Staphylococeus capitis, Staphylecoccus warnerd, Klebsiella

15 pnewmoniae, Haemophilus influnzae, Staphylococens simulans, Streplococcus prewmoriae and
Condida albicans.

(00140} Biomarkers also encompass & variety of scxually transmitted diseasey pelected from the
following: gonorthen (Neisseria gorviioeae), syphilis (Treponena palitdum), clamydia (Clamyda
tracomitis), nongenococeal urethritis (Ureaplasm wrealyticur), yeast infection (Condida albicans),

10 chancroid (Haemaphilus ducreyi), trichomoniasis (Trichomonay vaginalis), genital herpes (13V
type I & I, HIV [, HIV I and hepatitis A, B, C, G, as well as hepatitis caused by TTV.

{00141} Biomarkers encompass a divessity of respiratory pathogens including but not limited to
Pseudomsonas acruginosa, methicillin-resistant Staphlococecus aureus (MSRA), Klebsiella
prewmoniae, Haemaphilis influenzae, Staphlococcus aureus, Stenctrophomenas maltophilis,

25 Haemophilis parainfluenzae, Escherichia coli, Enterococous jagcalis, Servatia marcescens,
Haemophilis parahaemolyticus, Enterococcus cloacae, Candida albicans, Moraxiella catarrhalis,
Streptococcus priewnoniae, Citrobacter freundii, Bnteroceceus faecium, Klebyelia oxytoca,
Preudomenus fluorscens, Neiseria meningilidis, Streplococcus pyogenes, Preumecystis carind,
Klebsella prewanoniae Legionella preumophila, Mycoplasma pneumoniae, and Myeobacterium

0 tuberculosis.

[00142] Listed below are addilional exemplary markers aceonting to the present invention:
Theophylline, CRP, CKMB, PSA, Myoglobin, CA123, Progesterone, TxB2, 6-keto-PGF-1-alpha,
and Theophyliine, Esteadiol , Lutenizing hormone, High sensitivity CRP, Triglycerides, Eryptase,
Low density lpoprotein Cholesterol, High density lipoprotein Chelesterol, Cholesterol, IGFR.



factor, Factor XIII: Fibrin-stabilizing factor, Prekallikrein, High-molecular-weight kininogen, Protein C,
Protein S, 1)4mm, Tissue plasminogen activator, Plasminogen, a2-Antiplasmin, Plasminogen activator
inhibitor | (PAID. 5(00163) Exemplary monoclonal antibodies include those for EGER, ErbB2, and
WEIR. [00164) Exemplary tyrosine kinase inhibitors include without limitation Abl, Kit, EDGER, Src,
ErbB2, ErbB 4, EGF1t, EphB, VEGFRI -4, PDGERD, FLt3, FGFR, PKC, Met, Tie2, RAF, and TriIcA.
[001651 Exemplary SmineThreoline Kinase Inhibitors include without limitation AKT, Aurora 10 A/B/B,
CDK, CDK (pan), CDKI -2, VEGER2, PDGERb, CDK4/6, MEKI-2, mTOR, and PKC-beta.
[00166]GPCR targets include without limitation Histamine Receptors, Serotonin Receptors,
Angiotensin Receptors, Adienoreceptors, Muscarinie Acetylcholine Receptors, GnRI-1 Receptors,
Dopamine Receptors, Prostaglandin Receptors, and ADP Receptors. [0016711n a separate
embodiment, a method herein utilizes pharmacological parameters useful for 19assessing efficacy
and/or toxicity of a therapeutic agent and the agent's affect on a medical condition. For the purposes of
this invention, a "theraJ&UHE* Sy Emt TS AEE 18 M ETIE- AR SUBSTEMES Rat have therapeutic utility
and/or potential. Such SBRtARER kT B4R et IIEE ¢ BTbl(‘%cgmllEdaEf‘yS’r thémical compounds
such as simple or comfiex BrgahitoF fi8rganic molecules, pegtldes [protelns (for example, antibodies)
i(ers include without Siptation eplor,
or a polynucicotides (fd? EATABIE ST ERse) AVA f’? compk ds  gan be synthesized, for
example, polymers, suc'ﬁ ol ”"“;';‘vﬁiﬁd%gsma‘rlld’ﬁ yﬁﬁc otldaésmgﬁ oéﬁcq)organlc compounds

Polyeystin 2, I* Fibrocystin, Urom anine, aminbpepti ase

based on various core %uctures me.mgﬁgngg > alsg inclided in‘the ‘term ' ‘therapeutic agent”. In

RIdASE, | gprotein

addition, various naturg gg]ﬂg%m Rrovide COmRALRAS. iRk SEreRning.SUER,as plant or animal
extracts, and the like. Itgheuldihgindarsioedsahovghpotalways explicitly stated that the agent is
used alone or in copbigafigRvitR-anatherLaageRh ARWN:R.same.ep-diffatenbiological activity as
the agents identified byihg.inentive:seisealhaaaeRisapcmeihads.alsanaramtended to be
combined with other thefapigs. [0Qk68] knpiemeantaiipn of the Methods [00169] It is to be understood
that die exemplary methasseang.systemsdescithedheremmay.beimpiermented in various forms of
hardware, software, firmwaie; ;spadial-puspose-prRsessarssOr a 30combination thereof. Methods
herein can be implemented in-sofiwareias anapphcation programr4angibly embodied on one or more
program storage devicesiiherapplicatioh-pragrarvraiairiveferneetited™y any machine, device, or
platform comprising suitéistearehitectarécd pigdey e fipttior Gndersttesdrthat Heeause some of the
systems and methods depretee: fifthe Figures are preferably implemented in software, the actual
connections between tifebsysterd cortiyorieni(of e Proedsd soétebsy ey tities depending upon the
manner in which thé prisértiniemsive siotraimhen BIreRc 24w i Exeifd8herein, one of
ordinary skill in the relat8erartdimedmle s cortemiaate sr pradcitethos8 and similar
implementations or corffitfirefGHEG S BYegehtiitention. [0 [00170] Fig. 9 illustrates the process flow of
bU|Id|ng the model and %Y%fﬁ“rﬂ}fﬂégélég ]i,nsRAt]ﬁK TRAP 5 (TRACP3), Osteoblast Speeilic Factor 1

OSF-1, Pleiotrophin), Soluble cell adhesion molecules, sTIR, sCD4, sCD8, sCD44, and OUsteoblast
25  Specific Factor 2 (OQSF-2, Periostin).
(001 50) T some embodiments markers according to the present invention are disease specific.
Exemplary cancer markers include without lisitation PSA. (lotal prostate specific antigen),
Creatinine, Prossatic acid phosphalase, PSA complexes, Prostrste-specific gene-1, CA 12-5,
Carcinoembryonic Aatigen (CEA), Alpha feto protein (AFP) , 5CG (Human chotionic
30 gonadotropin), Inhibin, CAA Ovarian C1824, CA 27.29, CA 15-3, CAA Breast C1924, Her-2,
Pancreatic, CA 19-9, Carcincembryonic Antigen, CAA pancreatic, Neuron-specific enolase,
Angiostatin
DeR3 (Seluble decoy receptor 3}, Endostatin, Ep-CAM (MK-1), Free Immunoglobulin Light Chain
Kappa, Free Imnunoglobuiin Light Chain Lambda, Herstatin, Chromogranin A, Adrencmedullin,
35 Integrin, Epidermal growih faclor receptor, Epidermal growth factor receptor-Tyrosine kinase, Pro-

-22-



medical condition of a subject The subject inputs personal data into a database. The same ora 5
different database contains data from other subjects with a similar medical condition. Data from the
other subjects can be historical data from public or private institutions. Data from other subjects may
also be internal data from a clinical study. [001711The subject may input data in a variety of ways, or
using a variety of devices. For example, a point-of-care microfluidic device may be used to acquire
biamarker data at the point-of-care. The 10data from the device may then be communicated directly
from the device to a database or prorramor. A computer or data entry system may also input subject
data to a database or processor. Data may be automatically obtained and input into a computer from
another computer or data entry system. Another method of inputting data to a database is using an
input device such as a keyboard, touch screen, trackball, or a mouse for directly entering data into a
database. 15100172] A database is developed for a medical condition in which relevant clinical
information is filtrated or mined over a communication network (for example, the Internet) from one or
mom data sources, suefsseaibfrirertedatataal 4 e idrrenbievatabase, and a local
database. A public datgPase earrichte ottheesurEEs 5 fed il data for use by the general
public, such as, for exaffipie BatABLLES i 8‘8}“}“%%“’(3“@"“’[3“"" SRERt 6T Health and Human
Services, For 20exam;§l’é’“”§'ﬁmrﬁ§fﬁ Al O5tipase tan be S“rf”p“rfi’\l}éch mtérnél“ﬁ ﬁ\nbal?e belonging to
particular hospital, r a 5 fﬁﬁér}e%VWdlé‘éiT§] VSt sem“rﬁ 6rg ﬁrowdqu ng c |1r°1|cé data. A local database can

CV, I EhS, ntigen,
Comprlse for example mtl%r%r‘%xmvﬂa? diabetes m?r %rs 1 Intesow usu irlgi&%o(x:lw Q(l Q}él obm AlThe |Ocal database may

include data from a clirjeal trigh, | 1 MY AlRC  Slinicalsaia shish,as femherature and laboratory
information, EKG resuI]tJ%blp OQP%E%E resy! gg,a;ggxgg,g&@grx@&,{%sgppses or other items from patients in
25a hospital or an igtergaliosniia L MeRIaHng.sYSIEM:Lhe.databass.eanale include historical
reference data of a plukglitwei.suiscrrembersdn Aelationship-ieal leasicanehiological marker.
[001731The database may.alsohasmplemented on a variety of commercially available authoring
packages. 100174] Thexdajahase may-ke-ohastamgewnih of-agneadigakinformation system. 30t00175]
Data front a database ganshafilieled.antkeclassitied.accorditgigspaokiecases or medical conditions
or a group of diagneses:ancheonditions=des, examplerthe elossification-tiin the database may follow
the standard internationakeeee of diagnoses (ICD-9 coding system). A medical condition may include,
for example, a physicalststeobarsubjent ordrcistase thattthelisijeeresuifaring from. -25- [001761
in an embodiment, the tedastoretiitherdatabase may be selected from the categories consisting of':
pathology, anatomy, tré¥tffiértoptictrtreatrtent Sutesnies hahratsobiekrgarameter,
pharmacokineties paralmistiet Teyeno| kil emeter, GRegenstiE mformation. [001771 Subject
data can be stored witH &St fae e P HRESYRTBIT B S5 GEEsEET 6P user.

Procalcitonin, Brain $160 protein, Substance P, §-Iso-PGI-2a.
[40159] Exemplary gerintric markers include without Himitation, Neuron-specific enolnse, GFAP,
and $1008.

25 [0}160] Bxemplary markers of nutritional status include without limitation Prealbumin, Afbumin,
Retinol-binding protein (RBP), Transfertin, Acylation-Stirpulaling Protein (ASP), Adiponectin,
Agouti-Related Protein (AgRP), Angiopoietin-like Protein 4 (ANGPTLA, FIAF), C-peptide, AFABE
{Adipocyte Faity Acid Binding Protein, FABP4)

Acylstion-Stimulfating Protein (ASP), EFABP {Epidennal Fatty Acid Binding Protein, FABPS),

30 Glicentin, Glueagon, Gluesgon-Like Peptide-1, Glucagon-Like Peptide-2, Ghrelin, Insulin, Leptin,
Leptin Receptlor, PYY, RELMs, Resistin, amd sTIR (soluble Transferrin Receptor).

100161} Fxemplary markers of lipid metsbolism include without limitation Ape-lipoproteins
(several), Apo-Al, Apo-B, Apo-C-ClL, Apo-D), Apo-E.
[00162] Excroplary coagulation status matkers inchude without Hmitation Factor k Fibsinogen,

35  TFactor II: Prothrombin, Factor 111 Tissue {actor, Factor IV: Caleiwn, Factor V: Proaccelerin, Factor
W1, Factor VII: Procosivertin, Factor VIR, Anti-hemolytic factor, Factor TX; Christmas {acior,
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5In another step, the processor or user can conduct a search of stored data by selecting at least one
criterion for particular patient data. The particular patient data can then be retrieved. [001781
Relationships can be established between elements of the public databases, the internal databases
and the subject data. Explicit relationships declare and record inferences made based on information
revealed by the trajectory or other available observations. to[00179] Fig. 9 illustrates the flow of data
from a database that includes the data from the subject to a processor that performs the mathematical
methods described herein to construct a probability space. The subject data may also be inputted to
the processor separately from the data pertaining to a discrete clinical outcome that is stored in a
database. [00180] A processor can perform calculating the probability space. Once a probability space
map is ISprepared, the same processor or a different processor can plot bitanarker data from an
individual subject within the probability space. The probability space map itself can be transmitted to
an output, such as a display monitor. The position of the subject data within the probability space may
also be transmitted to &b PHE (5o ELesBrTiE RAVE & Hisara for TaLERARY patient data directly
from an input device, afite&fi¥ GF ST e fg?fb}‘é"é‘t"&5&‘%“‘&%?8?‘&@8"%‘?{‘?%%d a means for
20processing data. ThEPPUCESSHY Hﬁ{?‘eﬁ%"&" PRI & TR e AN e Y F TGN Y instructions a user or a user
interface. The process@t EyAvE HEMor, Stich as,random aceess memory. as is well known in the
art. In one embodinien} an; gcu‘féfft%at l(?"‘!n_ Qmmunjcatio WJ%JKL‘?, PIOGESSOL IS provided. [00181] A

tyrosine se infubitors in ot 1initd

. [00164) Exen : :
user interface refers to&@,‘iﬁ?ﬁgﬁyﬁﬁ%ﬁ, vRERUAIIRR I OrmatiopAreseated, i,a user. User interface
may also refer to the cqpjrol sequences used for controlling a program or device, such 25as
keystrokes, movementg,ox seleglions-HQQ182LAumsel interface may.ba@ cammercial software
application for displgying,subieeheala andioviha-positiorsiihasubjaidaiadaras.probability space.
The user interface gengsalisRiovidesMsesWith.accessdeadask-spacific.sst of functions to view and
modify content. In prefarghleambodinenishdhasineRtiombshadses inferfacg.is a graphical user
interface (GUI). In some,3G:efabedimenissarconsiuctedrprbability space in two dimensions can be
viewed using a GUI. Algasiine Hajecionmeksubjent-datapositieneddwhiatheprobability space can be
viewed using a GUIs The-&@kdnmmaynlye displayeden-adisgliayrmonitorr©tier user interfaces that may
be utilized with the methads af-thvermrveritioirmitiudeatamerigtimditedtyealert systems, web-based
interfaces, text interfaceBazeuindeinterfates! hatchriterfaceybum i iyantiftétfaces. In an
embodiment of the 35irsttioh: dreidsertrerfacEai emBteRrEormmtlk @ vith the system.
1001831By acquiring chatéfreriva Sutseds atehiettip e FoirE HmErS ettt bf the subject data can
he processed For SAch it oitts 2roetestri nidyEaiata the pEsititi o the subject data time
point in a probability spatEsRitFajetatyiSerestEs ey hEcHNg St reast Wi tifie points of subject
data. Different vector pArdifierer o thatsjectoly B Be T HEtEa SO EAEE Gistance, speed,
5direction, and accelerSfBH T Ha VBRI PAPAITETETE Ean e Caltulated By e processor. ‘lle processor

. al ) not always explipitly stated that the agent is userd alone or in combinatign with another .

may be the smile as,or (IEEHL IHE e BrocesSar lised [O'EBARiGt e prabdbilty space.
[00184JBased upon rufés'im sesamﬁxﬂt?mpﬁg}rﬂ,r}hg Position or frajec £R£Xa;‘3lc55“bje‘3t data may activate an

screery. The a erats.?n 1 ¢ combined wi
|

alert. The alert or alert %X:Isﬁ emr ngeﬂm&ﬁotl}gheerygggsw en the subject data conflicts with a rule imposed by

a user. For example, a g, May,compiize 1ie Prabability of 3.subiect.of deve/oping an
implemented in various forms of hardware, soflware, finnware, special purpose processors, of 8
30 combination thereof. Methods hevein can be implamented in soflware as an spplication program
tengibly embodied on one or more program storage devices, The application program may be
executed by any machine, device, or platform comprising suitable architecture. It is to be further
understood that, because some of the systems and methods depicted in the Figures are prefembly
itplemented in soltware, the actual conneclions hetween the system components (or the process

35 steps) may differ depending upon the manner in which the present invention is programmed. Given
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toadverse drug reaction (ADR) is greater than 60 percent. When the probability of the subject data
exceeds the rule, an alert is communicated to a user. 1001851 Examples of an alert include, but are
not limited to, a sound, a light, a printout, a readout, a display, a page, an e-mail, a fax alert, telephonic
communication, or a combination thereof. The alert may communicate to the user the raw subject
data, the calculated position in probability space of the 15subject data, the trajectory of the subject
data, or a combination thereof. 1001861 A user is most preferably medical personnel. In an
embodiment, the same user has access to the subject data, establishes the rules for alerting the user,
and is alerted by the alert. The user may also be the subject. For example, a diabetic patient may
monitor his personal glucose levels or other hromarker levels. In another embodiment, a user has
access to the subject data at any step of the 20 mathematical model. 1001871 Fig. 10 demonstrates a
networking method of assessing the medical condition of a subject. A system of communicating
information may or may not include a reader for reading subject data. For example, if biornarker data
is acquired by a microffir gof g eaE tRevitE e YanTEe HEs T diffétent individual biomarkers
may be read by the delie et Sra Py "Bgé‘?ﬁ?ié"{ﬂ‘spﬁﬁ’&fﬁ@r“’éxample of a reader would be a
system to scan in sub;é”&’t@ﬁ%ﬁ t’l‘fﬁi""fﬁé@”bé&gﬁ"gﬁi S i ‘5°ﬁ°’e"f’eéytr8’hff’é“ﬁ1“éﬁﬁcal record or a physician
chart. A further exampl’é S6 YESHEFWEtIN o lwsi’ézt q‘f“étg edf’er:?ronlq ‘ga&tle recor{pl database from which
subject data could be |rec"f gﬁmnacﬁﬁ%md?}f oy Ot‘erlc}u[iwecrﬁﬁ!nlca 10 mmrb;tﬂvy ork, 58 %81A user station may be
S

ithe histerical data from o vate inskifin
incorporated into the mr—:-t {:r:‘.oiostgmfﬁ 0gr)eln The user station 30 can act as a reader for reading

subject data or as a d E@Hﬁﬂw u§¥c?mea§?npu ht?mua%%!eé&?“?ﬁoms@bé AR, beysed.le.gammunicate data
information directly to a uset. such asmedical parsennal k.ing sHWESkLLEKSE! station platform may
be a computer crong of,a Wide yaUgly.ef Dargwale.Alatiorms Jhat.iLiNG AORELAtiNg system. The
platform may read and \Witg 40, 3RdfEQRkR-SIQLAEE: Wi e SIOIREE. HRIlMaYRedeorporated within the
user station. As will beigagdily,appal ealie R ose0f-a5t baty Saskil: dhe atkother hardware may be
used to execute the mathagds-afthapinention. 00 884 Acsordingdasstiljdurties embodiments, a
server may be providee:e! ws61i)) 65056 dnediak-eandition of a subject. In some embodiments, a
reader and/or user statormconunuRicales: witlh-dics endds i Me-setvwerimayscomgrise a network interface
and a processor. A stofageikimay aiserbe-providad -mantheigerven rihe-sterage unit is coupled to
receive the patient datafrenmdhe:input-baavive, reader-orysesintérfegdtarmd o store the patient data.
[00190[The storage unitiindarise -arrydevieecapdblecbf-dtonfigdatieford fdfgeperod of time, either as
a component of the platformioleearsestrdte’dritreyratiEtbep ltdtie igtwork. Although any
appropriate storagé’capauttFritsybEbrest tRe eA RIS leEy wrieds il fiegabytes and more
usually at least twenty SiabyrES:rHg-storage tinn iiagbe Peritiatirh triEfibvable. For example,
10the storage unit may"B&as tagretie b gtiase-abdic fe fesmevrtat disk drive, magnetic
sequential access, sucfPastApE" ﬁﬁ&yai‘lsr‘éﬂ‘ﬂbﬁ?‘é’d’@é?ﬁ’%“‘L‘J‘i‘fﬂ“‘é@“@ﬁ"‘tﬂw or Magnetic Optical drive,
and solid state memor;?‘f"éﬂat‘,‘ﬂ‘ SEPROV MRAM SN ETEER™ 1/ aOiSH, f’fﬁ’é’ b‘?‘&&ant invention
anticipates other stbra e°s “é"]lv‘i”‘“mtel “I[Ih“f’ B RS PEh s aassft%‘r35° “cllfrqf'rf's Are by way of example and

ity Of subject members iz eaimns p to at lea T:) 10 ?im maz

are not intended to Irmrhﬁfﬁ &gmy Lare or may becor pavar 31 le i) he al art 5[00191] In some

embodiments, the data Lare f fur er manlpulate prror to stora he processor compressing the
data. Some data are V%Mf@m%ﬂgj d compression.p nservapon of storage space. In the

aSE may a FLOT igc umt a m m TAonN sysieimn

absence of compregsiqp, ihis./args.ame q{g@ mg,gﬁp [esentaparticular nrablem for the storage of
medical information. [0Q1921.1n %mgrfgmggqxrmg@;gh of Asystem.forasssaning tbe medical condition of
a subject, data 20 storggg,.prcessinG.and.conital of datg.arednplemaented pn.a.server thatis in
communication with a usgkstalinf.OontianRallyscempuiaiions: withiha.datammay be performed on the
server as well. In this cliegtzserver embodiment, the server is communicatively coupled to one or more
user stations by local area network (LAN), implemented with Ethernet, Wi-11, Bluetooth, USB or
Firewire, a Wide Area Network (WAN) such as the Internet, implemented by broadband cable, xDSL, fl
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25 metropolitan Miff or other high speed communications down to plain-old-telephone-service (POTS).
[00193] A user station is in communication wills a server to output the information processed by the
server. The user station may be the same or different from the user station or device used to input
subject data into the system. The user station may also be an rdert or a warning system. Examples of
30a user station include, but are not limited to, a computer, a PIDA, a wireless telephone, and a
personal device, such as an iPcxl. The user station may he in communication with a printer or a
display monitor to output the information processed by the server. 10019411n a networked system
comprising a server, any number devices may be members of a medical network enterprise and
access a central collection of medical data stored in a server. A 35given user station may have amass
to enormous amounts of patient data born healthcare sources -28- anywhere in the world. In one
application, data om multiple practitioners are accumulated for defined clinical trial studies. [001951
Statistical information is provided to the user of the system, preferably at the point-of-care. The
point-of-care is where ftretatmentisiinap e Rtedi dyantagao ity theddyreritic and real-time
Scharacteristics of Intermetisesteptiodire eaptireddetiis ferttir  This erfaties igtifical personnel or the
subject either in the offitererirrihefiested: P@%@tﬁ%&%ﬂ‘@@ﬂ%ﬂﬁ“ﬁfé“ﬁb‘ﬁﬁéﬁ"of and presented with, for
example, a subject's mEtBarEeithto é?‘iﬁ‘%‘f‘éﬁ%’ﬁiﬁﬁf“fﬁ‘fb?’ﬁﬁ‘ff&‘h“‘géf‘% 10'the subject data.
[00196] The user statidhdtEresstETor BaHLITdEVIEE R it Ff“gdafa prior to data
transmission. The data"¥aft J1EEHE ety E eﬁﬁﬂ%em’“%‘@tasc%nor %o dQro’t’egjt private information. A

elatxonsh: scan hc < bhsh betw u:i ents of the pyb abages siic]
10variety of encrypt|on scﬁ*eR

scs and thc tdata lt fe thﬂS Ip3 L%cgrlélam! redYnlgr myrgsl(gncg)r prlvate key encryptlon'
The encryption Componn‘?mmm af)({ a c?wm & components or software components. The server

may also include a decw%?n m,,amm chvAlngTeselved, suhiest dala.pieLiasiprage. [0019711n an
alternative embodiment, f the. communication pandwidihetueen, e Hserang.ibe server becomes
restrictive (for exampley ] 1e,SEIVELIS gD sibe.BRdslcanhe duplicaiad.and 15 reside in a mirror
server at a user statlonm&;&%};g@o@ggcg,gmmmg@mm between the server and the mirror server can
be done off-line at predgigsminedimes-Rudingsegueasis, idha usengar-bahandled locally by the
mirror server. This alterpative.pravidesdnicr easadceliability forusars, ssingedha-on-line processes do
not depend on outside pghwmaiksL(Q0:1L08 Lba apaliernativegerfigurationef the data analysis system,
client-based architecture:is, useck 2Q:uvhere. storage daiaiprocessing anditomputations are performed
on a user station. An input-giemicedransmitsdetasfroma-souredtodripl etforine difgdly platform is coupled
to a display through a displayreeni:olles:s Pheridi splareriay becanyrda ofssfiumber of conventional
display devices, such agsoastiguid. trysial-displayioriyiden Gispray: Tireplatformacontains a storage unit,
a processor and an interfgee Torcommurticating withesthdeimperedevive: Tikatorage unit has a database
for storing, manipulatingt2&amebsthrietyineetibifdct datai-Freddrageurirai€y may store and tun an
operating system. The $&&H teivyrstatform sy Bea cuipsutersionest § Wite variety of hardware
platforms that runs any ‘8t g s3rsrire FHEBIEtreriidy TaRd aneerE f°afith from its storage unit.
As will be readily appargit i HaSE sFordiiEnRy skill in the art, other hardware may be used to execute
the software. 1001991 I‘Ff”éﬂﬁtffé‘r‘“ﬁ@ﬁé‘@tbeéé?ﬂ‘ﬁ%f‘“’t’@”éd%fé“?ﬁ?ffﬁ%ﬁ@ﬁ?bﬁe@prowded which when
executed cause 30a pnit&siurt “"ﬁfﬁﬁ‘ii‘i‘a'éc‘é{a‘b’i’dﬂiélﬁlil}ﬂ/ LR HERREY BY A LEt 6 discrete clinical

{ f t tent.
outcomes, each of whicifs'¢ RSP A O NS 'é“fé’ 4 v‘él'm{rlff)u |°é’?1:[6flﬂaf’f°feast one biological marker;

nveplio \e] USC]' mieriace i$ ﬂ
obtain SUbJeCt data Corrgnsb dgngté:thzZsotruded :;:Eﬂh 1%§;tagg?wbcllglje91 Lgsa‘lu ) vxewe(Ibs: nchéﬁlﬁ:u'ate the pOSItIOﬂ of
said su bJ ect the trajectory of subject data positioned within the probability space can be viewed using a GUL The
GUI may be displayed on 2 display monitor. Other user interfaces that may be utilized with the
methods of the invenBon include, but are not Himited to, alert systems, web-based interfaces, fext
interfaces, sound interfaces, batch interfaces, and intelligent interfaces. In an embodiment of the

15 invention, ihe user interface can remotely communicate with the syster.
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data in said probability space to assess the probability of a medical condition of said subject. [00200j
The computer readable instructions may be a part of a software package. The software 35package
can be provided with a server of the invention or an input device, such as a mierolluidic point-of-care
device. -29- 1002011 In an embodiment, computer readable instructions comprise instructions for
creating a trajectory between two time points of subject data. The instructions may also cause a
processor to calculate vector parameter of a trajectory, such as speed, position, heading, and
acceleration. 1002021Computer readable instructions may direct a processor or output device to output
the bassessment of a medical condition. The instructions, when executed, may display a graphical
representation on a monitor, print an output on a printer, or activate an alert or alarm. [00203] In
another aspect, computer readable instructions may be stored In a computer readable medium. In
some embodiments, the computer readable medium that stores instructions is a storage unit as
described herein. Still other embodiments may provide a computer readable medium having 10stored
therein a plurality of selfiBHEaS EreFAFRELBHS Siel "‘Wﬁ@ﬁ”@%é‘ﬂ[’f’t‘é?f%@? W E’°ch)‘”(‘:”‘es.sor execute a
method of the inventioff* foUZo%T ?‘ﬁ%”bﬁ?ffﬁﬂ‘té?‘?”é‘éfﬁ%f’gﬁ“ﬁ% FEHOmS WhHET exe{cuted can cause a
processor to provide a‘tE&FHEHEY S1&Ft 6&&“&%‘*’8& Agedd mmm ﬁéegstetgg?ﬁeﬁt of t f yajectory parameters
of the subject data in tﬁ@’ %Bgﬁf?t P RRE™TS 3N erﬁ'ﬁiﬁ? Cgpeq C“H{é f‘r"éfs fhérpy parameters are at least

and tion, ‘The vector paramciers cal ecib
one of speed, 15acce|era 100, dafﬁ:e‘f:r |%nn and positio herein, a "computer readable

m’ lf'ferentl ani ie Processot used (o cons\?w]c e pm%% ﬂ'spacc

d f t atmamne d t
medium" refers to any me e read ana. ac es e agx%iggtmpu er or a processor.

a50d Lp umesn s by a user, the pos onor moccryo

Featured computer readable mgdia cftide o Al Gt 19 MaghEaiorage medium, opica
storage medium, electrical to{%@%”lﬁ%&é%@{lgﬂ%&é@é@ﬁ@;ﬂ%@ﬁ@&@ﬂa@&%@f these categories.
20[00206)The COmR”@E@?&CiQQl&J&%HM%@QB@&% QPEI MBI 3 Safiwane suptipme environment of the
processor. In an embodime & SeftwareHaticneerpvironment provides commonly used functions and
facilities required by th@safbuase: Rackaga.E xam plesiefa-sefftwate, iwntieLnwiromnent include, but
are not limited to, compuiel GREkAtIAY, S ySstemaqpwiriuairhaghines-onbicistbuiet-operating systems. As
will be appreciated by thesemfiardinaneskil+niherar-severabgthor exampies 625 mntime
environment exist. j9020:: lharcempyiendeadabla-medivmvhaytbe a storage unit of the present
invention as described ineremsdtiis-appreciateck by-thodeskitdtan themartthatesmputer readable
medium can also be any avaikablestitdizr thaboanpicacced saddjrdstr/ir “& processor, or a
computer. 1002081 Cormieferrisadabierne disimeferes wolatiecantd st femovable and
non-removable 30media”n%ﬂléﬁ‘?e‘nféﬁ’ﬂfﬁ"éﬁ‘y"ﬁ’rém srteeHnYISY (o stdrg8° of information such as

com p uter- mathematica] model.
06187 Fig. 10 demonstrates a networking method of assessing the medical condition of a subject,

A gystem of coununicating information may or may not include a reader for reading subject data.
For example, if biomarker data is acquired by s microfluidic point-of-care device, the values
assigned 1o different individual biomarkers may be read by the device itself or a separate device.
25 Another example of a reader would be a system e scan in subject data that has beeu entered in an
electronic medical record ot & physician chart. A further example of a reader would consist of an
electronde patient record database from which subject data could be directly obtained via the
communications network,
[00188] A user station may be incorporated inte the methods and systems lierein. The user stalion
30 canact as a reader for reading subject data or as a data enbry system. The user slation may also be
used to communicate data information directly to a user, such as medical personnei or the subject.
The user station platform may be & computer or one of a wide variety of hardware platforms that
uns aﬁy operating system. The platform may read and write to and from a storage unit, A storage
wnit may be incorporated within the user station. As will be readily apparent {o those of ordinary

35  skill in the art, other hardware may be used to execwte the methods of the invention.
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readable instructions, data structures, program modules, or other data. Computer storage media
includes, but is not limited to, RAM, ROM, EPROM, EEPROM, flash memory or other solid state
memory technology, CD-ROM, DVD, or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or any other medium which can be used to
35store the desired information and which can be accessed by the computer. A skilled artisan can -30-
readily adopt any of the presently known methods for recording information on a computer readable
medium. [00209]The computer readable medium can be incorporated as part of the computer-based
system of the present invention, and can be employed for a computer-based assessment of a medical
condition. 5[00210111ealtheare Operating System 100211] Different aspects of the invention can be
used and developed for healthcare systems. Examples of such systems include point-of-care systems,
a healthcare operating system or a combination of both. For example, a user may test a blood sample
with a device and the infommlion from the test can be provided to a system or method of the invention,
which in turn sends adUfffHarotrsEHEARGH ERE USSR OS2 14 BHB3EIment, a healthcare
system is part of an integratetimrasthistt e bt B b AT IR AL THE "BEIRTESICETe disposable blood
monitoring devices whith aRaN> BBGH 1O HICrSITter SARTBIEE T Sl i HimMer to automated
replication of the manu"éﬁ‘b"n‘??&i?%’%g:r:ﬂﬁ"6‘§§§;€:§é§ﬁfﬁ§pﬁf§t Eféféhre A an integrated infrastructure,

. . 5 . device, rpad arface, . . .
information can be erejg%sfy transmit it m an assay tadevicedq 4 datahase which integrates data

g data for a lang peris

. . e storage unit R
from the device with stbred data from dishalate deliahases. (RauuL lesarduagnglic or germane

. . as g cgroponeni o
information, data from Cl;!Q;')g:a |

zal frials) Into a geniral datahase.l h.susiem aandthan allow for the
automatic application of mﬂgmyﬁg& 8. datahase. . the.cantext. afiihe Ralipphysiology of a given
disorder, For example, a healthcare. sysiem can.ke.dsad . rapidlsinaprey s.the:label of key drugs
through adaptive clinicgl, stidieswhich-candeneraie-publications foi.glilabek expansions for new
indications, patient subpapulatioas.and foramelioiating.saleliconcatns 102131 In an embodiment
of the invention, a healthcgsg system Gan.ha dtilizea fanhcmes reaktimeybloedwaenitoring has
significant implications which-atiowssiencelletci-infsrmatenabicheannot be seen using the
conventional blood testmg:infiastueies @214 g birHustrate scar exempiery embodiment of a
system of the invention-Reahtime2Sactuisitionef stibject datertarretactdmplished using a
point-of-care device. The:poimtoficaiegevieetanacytifdisrerasadormanigéinformation based
upon a specific diseaseroresnipdighePrierpoint-of-care device may also he in communication with the
user or a computer or Sitarbetordirgsteteyeer A BiFrtGTEAPERTEHNENt in this example can
be the home or the %linfereseeitftstrara f e TUIS A ST TSRt Hi2al-time from the
point-of-care device to ¥-3D¥aRRE Tt SEtEIFHE IR EB B R STRORVEIIG thE INfdrmation or data to a
physiologically relevant €k i A BE ié&"&‘(f?ﬁﬁﬁ?ﬁé"df’b:}/“ﬁ’émﬁgf’é"r"r'fﬁ §'the lformation to a
database or . plurality JFFHHtAISEEEL  PHErgETAB LS e "F"o"mﬁ("g’%"s\?é’tg,rﬁ)rrwéwpalm(glity of servers, In an
embodiment, a centrali?8H GATAD A8 e RSO SISR IS tIssd 10 dha Ygéa} X ﬁ%itg'and retain the data to an

. .2 alitan Wi-Fior other high speed cations down o plam-old-telephope-sernce, R
end user in a physm?og‘f‘é‘é'fﬂy Felavant Comtekt. The data cast be returned and. in the example of Fig. 1 1,
information, such as woTS

[00193] A user station is in communication with a server to oulput the information provessed by the
server. The user station may be the same or different from the user station or device used to input
subject data into the system. The user station may also be an alert or a warning system. Examples of
30 awuger slation include, but are not limited (o, a computer, 8 PRA, a wireless telephooe, and &
personal device, such aa an iPod. The user station ay be in comnunication with a printer or a
display monitor to output the information processed by the server.

[00194] Iu a networkesd system comprising a server, any nunber devices may be members of a
medical network enterprise and accesy a central colflection of medical data stored in a server. A

35 glven user station may have access to encrmous amounls of patient data from healthcare sources
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35clinically relevant and actionable information, can be returned to a user through browser-based
software applications. The information could be used for adaptive clinical trials and publications if the
end user is a medical researcher or phannaceutical company. 1002151A system of the invention
comprising a point-of-care device in communication with a healthcare system may not require the
transfer of samples, such as transportation to a laboratory, 5 which in turn, CAM improve the integrity
of a sample. Detection of FM amble in a system or method of the invention can be provided in
real-time at the point-of-care. Real-time detection integrated with a healthcare central database system
can allow for the creation of complex longitudinal data series acquired by an immunoassay device,
[002161Fig. 12 demonstrates an exemplary system of the invention, wherein a health care operating
10system comprises data infrastructure, models and algorithms, and software applications. The data
infrastructure can be used by a pharmaceutical company for clinical trials across an entire
pharmaceutical pipeline. A model or algorithm of the health care operatin Ed)/stem can comprise, for
example, predictive antPayAHTE THEER ARt e RETEHE erﬁ”?’ﬁéfé‘l’g%ﬁafm&an be customized for
program-specific objecf%&”g’ﬁa‘?ﬁé‘fdé’én,map disease pro ression and re re§sion. A system can be
15integrated with back'Bhd SigEHTHHE Higge gtcé%“d‘:fﬁﬁgge f%‘“t ke an f‘ﬁﬂ%ﬁ&ﬁe. For example, a

.. . ‘Fhe point-of-care ig where {reatment is Hnplemented. Adyantagecusty, the dynamic -lime .
system can transmit mdw’i’duaﬁzed content to users on deyice tguch.screens of mobile phones. The
feedback may assist willl Behavir inodiication and Increase campliance withherapy. The algorithms
described herein enablg Eq‘ihéuéyc@pméfcbL%%(iggs%aagi&fﬂgggxoammig§;an9£1!@J@. behavior, lifestyle, diet,
and side-effects. 20(00gl/L%QRISALCAR HE.LASEL. an-AalafonRatienkclaases, which recognize
physiological and psychglogicahpig: dispasitionsassuall.Ml localsesio-eavinaninental influences. In
another embodimeny, a.sysiam.candRkusers.tbrough.secialiaiwmorkswbese,suecess stories
compound through the gombinationef:each failaxedhemne health.system. with-a-given therapy.
100218111m health case sperstingsysiam candateraataithe poipi-okeaee with consumer systems,
25such as an assay cayitigge, aR-assaypqeading deviceranadmabie coviee sush as a cell phone. The
field units can be integrate ewithrpoint-of€are, Tome-antomobilenmoniteingsystems. Field units can be
remote, portable patient-zeire systerns: and ean prad décomsitaiorcaktnte autotiatic processing of
cartridges for blood analysis:+r-sorives ifdtan eesi=fiedania-dorprstatyserinterface, allowing patient
to initiate assays and grafitiicatiyekterasaariEtyoirirevaie prformmitdh sueh as: patient 30diaries,
environmental, behavidkal- sy ehs dgier mdemiattn, and two-way communication system from
the Monuments to medi4Pierstsaties GraBBi PHuHeY AN BatR to PAHEME #itf relevant content,
messages, and hedfth iHfSHPiGH Pt Seit TRt ARt A8 BISEY sHE EnVirOhNeHitAR data is automatically
(for example, wirelessIytrHEATRIITS ABEETS I PEAT fife 1082 67 RS §&&ribed herein, a health
care operating system ST CoHfSrE IRTE N TS e SHER IB A ek bisitatida fifrastructure that
permits, for example witSU TS A AR 2eqUISTHIon "aRt g%;f:é:q)é riemcsi rﬁ“&?ﬁfﬁ‘ﬁ‘ﬁgare results in real
time, integration of blodd BAPAIFIEASIE SHir biiEnt diaiy dlats | "obe e e

d tetrieving subject data. The storage unit also may store and run an operating system. The user
station platfotin may be » cotrputer or one of a wide variely of hardwere platforme thal rins any
operating system. The platform may read snd write (o and Brom its storage unit. As will be readily
apparent 1o those of ordinary skilf in the art, other hardware may be used to execute the software.
[(8199] In another aspect, computer readable instructions are provided, which when exsculed cause

30 aprocessor to: provide a probabillly space defined by a set of disctete clinical outcomes, each of
which is characterized by a statistical distribution of ai least one biological masker; obtain subject
data corresponding to the at least one biological marker; and calculate the position of said subject
data in said probability space to assess the probability of a medical condition of said subject.
[80200] The computer readable instructions may be & parl of a software package. The soflware

35 package can be provided with a server of the invention or an input device, such as a microfiuidic

point-of-care device.
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-32- with all other physiologically relevant information, and a central mathematical software program.
The central mathematical software program can graphically visualize, help to interpret, and analyze all
data in one place and link any new information into a disease management system that then maps the
information onto a probability space of clinical outcomes. A health care operating system or a 5field
unit can provide a graphical display of clinically relevant and actionable information back to the health
care provider and/or the patient or user, [00220] Possible applications for a healthcare system of the
invention include, but are not limited to, an integrated link to an adaptive clinical trial or healthcare
management system, drug and systems combinations for post-prescription monitoring, a healthcare
operating system (for example, a server 10controlled point of care whole blood monitoring systems),
and identification of correlations to efficacy of key compounds dining clinical studies. [0022111n an
embodiment, a system can provide a graphical portrayal of integration of available data sets to a user.
[00222) In another embodiment, a system of the invention can generate data that may serve as

1] 50 a cmbod cnt coynputer readable instructiops conaprise Mstructions for creatin,
15historical data in futdre S0 ystem m can be clis omlze accor(gln a fhe needs of a user, for

het een (W0 mc ts of elustruc Gns y socausea
example, extracting reIeQ/an’f ‘formaflo oM ar arm any's, ¢ eX|st|ng databases, a
cajoeulate veclm‘ arameter of a t Jec ory (35 on, ng, an 2CCE:

central mathematical sffy 5 Oad%m.m.migm% %ﬁgmfé, mageulical sampany to visually see,
hammer, and analyze all. ot their data.in, mﬂmmg isiinked 0.2 slinicalrial system, [002231 When
utilized with clinical trialg,Qf Rharmaseticals . Ae¥siemLQf Mg dayantiongan provide 20an
understanding of compgyig.efficacy. disfase.irgiassiomnad.patientrespanse that may not be
possible using the conygnticnalblandesting.ipiasiueiuinmiQl2dl.Adatahasgand a healthcare
system can he customizgg e fmenitarsiiend s-pratain.aseaisavphdimasaektheiritelationship to disease
progression acrossfliffesentiadigationsaihile aceaunt ngfomtheather selevantaariables or biornarkers
in the pathophysiology Gifdibhe. diseasen. The customization 25can be designed to automatically
incorporate all relevantidatgriomyse inanappigdiseaseProgressiorsactpssdelevant indications and
ore the foundation of histesiead Geites ihermapsandibaselnescantbestsedwr designing future studies
and in future studies torexttéectrbetier-midrmationdonm-pigodteseresuityaid provide early reads on
efficacy across diffeferifrdicatisriss {B0225) Fig. 13 demonstrates an exemplary database comprising
an ontology of brotnarké¥aede-Borstarst sdhtre e sst pediekrebHumoHE! Bdr example, sepsis as
a disease is categorizet as 4 At Ho Py ErTOE T At T TS TS OrsIBYtB At ute Liver Failure
(ALP), Disseminated |t Sutpesaatsemstitnh pires4mer s iREc B Bfthedt pathologies can be
considered a hiybeid storage medivan of any of these categories,

20 [00206] The computer rendable instructions ean operate jn a soflware runtime envivonment of the
processor. In an embodiment, a software runtime environment provides commonty used functions
and facilities required by the software package. Examples of a soltware runtime environment
inciude, but are not limited {0, computer operating systems, virtual machines or distdbuled operating
gystems. As will be appreciated by (hose of oxdinary skill in the art, several other examples of

25 runfime environment exist,

{00207] The computer readable medium may be a storage umit of the present invention as deseribed
herein, 1t is appreciated by those skilled in the art thet computer readable medium can also be any
available media that can be accessed by & server, & processor, or 8 computer,

{00208) Computer readable media includes volatile and non-volatile, removable and non-removahle

30 media implemented in any method or technology for storage of information such as computer-
readabie instructions, data structures, program modules, or other data, Computer storage media
includes, but is not limited to, RAM, RGM, EPROM, EEPROM, flash memory or other solid siate
memory techoology, CI-ROM, DVD2, or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storge devices, or any other medium which can be used to

35 store the desired information and which can be accessed by the computer. A skilled srtisan can
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seguellae of sepsis in the context of this ontology. In this example, a drug used to treat sepsis is
Cytol'ale In some instances, the seguellac can be characterized by the spectra of biomarkers as
35described in Fig. 13. For example, ALP is characterized by specific patterns of ALT, AST, GOT, and
Alkaline phosphatase. [002261 In an aspect of the invention, the methods, devices and systems
disclosed herein can comprise a healthcare operating system. A healthcare operating system can
comprise a central control system for delivery of care to consumer and for an economic model for
payors and payees. [002271In an embodiment, a healthcare operating system can provide an early
system possibly to 5detect the onset of disease. A system can further comprise a learning engine that
ties to the preferences of a user or an insurance provider based on drug availability, targeted response
rate, or payment structure. 1002281A computer system or server of the invention can include a
dynamic learning engine, for example, as the system or server receives data, the operations of the
system or server can be 10updated. A systetn or server can also call in to shoed databases, extracts,
and locally store (permrEAt St FERHSSPAHgYIRTOHHEGSHIR 4eBHR 8 4 e seiory. 1002291In
another embodiment, &H&%lthcare system can comprlse a communlcatlons porta} for a user to
communicate en array ¢ Rl E TR R TR eyste 1 m‘”ﬁ“hed a%"?f\}élt 'Ffmﬁ?% T;nleo onsumption, food
consumption, exercise 'S "ﬁ‘:‘P S Fféb\e/%up a’ﬁ‘é‘ga‘@’f@ﬁ[ SO EG T4 N sltc?actes an example hierarchy
of a healthcare operatnﬁgz fg o m"ff’l\}f ntion. The central Qp(—:;1 ratind system has access to a data
infrastructure and montforl 19 de ﬁrem es for mbetngoﬁiﬁng m“ﬁ e ;qgta As dem ]n)grated in the example in

© 5ystor e

ARy such sysiems mclu c pom Care Opoiating q

Fig. 14, the data Infrasifligtiire ¢an comprise,a SEAIeh,i9al.Gominnsalan inka.analysis of data, and

applications. For examgl!gthg&gmmmygp@gQ&&mg@mg@mg&gn@,@&@mmﬂ clinician, or HMO.
A clinician can use the jRformatipndor 20 simplification and effectiveness of his decision making or as

a data/knowledge baseqibagkaromnth-AnEMR sauld facexapplereaeive infasmation of a clinical trial,
such as drug efficacy angithecosteafthadinguse-pralysis-piinformatiaadndhe data infrastructure
as illustrated in Fig. 14 gansinclide generatiamoiadiaje ctamfartydogicyguigance, collaborative filleting
prediction, disease snapsanth daia-sepasséarcinieah thals-on-Rewneragdiseevery. Examples of
applications of a data 2bikfrasiuctuiesnaluceraporis{publictorprivaielralentsrifor example alerts of a
user, clinician, clinical ttigipore:. pharmacys ard-thyrianie chdpistable driedd &fB6284] Also demonstrated
in Fig. 14 is the hierarchy-ofdnferthafion reveiyodibitMederphas operatngsystem from monitoring
devices. The devices afttPperédingeystetriafironitor st ieresse e fifecessary. In a
preferable embodiment™tre Bt fivnitsreatiattali G 5oUiR) Somitr EyrEkdhple, when
monitoring blood, tHe divieaghatr s edpiaer st ekeetiting preserisaon BB eatests for a clinical or
preventative setting or E¢ATURrtrifer Sy te S s JEHTERSHE B BTS2 & H¥pect, a system is
disclosed that solicits |ﬁﬁ?ft“ﬁ‘8?f¥’%ﬁ*é%‘§‘é°?“8?“ﬁf§“§§‘é‘ﬁf‘T‘I‘b"?“éﬁ?&%l‘éﬁrﬁabﬂygfgfgﬁ 516 facilitate a
conversation between tﬁ‘@“éﬁ%’j‘%@f“&ﬁ?ﬁ“ﬁb?ﬂ ‘“““ﬁf ’f“fhe status of the %%rson 's health at a nine.

xei eltlbmhmem of sle of he inveniio

00214 113 l.u tes
Examples of input that[: 'oéom ::fﬂd“ 'b)%c S %chgﬁ darcee qbg htmlted to, establishing alert

levels, medical notation: and personal notaton. Vete acquir
device c'm acquire, slore, an or manage info nnatm Upon 8 specitic sease or compound,
‘Fhe point-of-care device may also be in communication with the user or a computer or syslem
belanging 1o the user, A poitt-of-care environment in this example can be the home or the clinic.
Algo illustrated in Fig. 11 is transmitting informotion in real-time from the point-of-care deviceto a

3 server or gystem that is capabie of converting the information or datz to & physiclogically relevant

context. This can be accomplished by transferring the inforamalion to a database or a plusality of
datsbases, The databases can be on a werver or & plurality of servers, In an embodiment, 8 centralized
database repository is used 1o snalyze the data and retum the data to an end user in a physiologically
relevant context, The data can be returned and, in the example of Fig. 11, information, such as

35 clinically relevant and actionable information, can be returnied to a user through browser-based
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clinically relevant information about a person and place the information in a physiologically- -34-
reasonable context. Examples of clinically relevant information include, but are not limited to, age,
gender, race, medical history, and genomic information. [002331 In an embodiment, time dependent
data can be representative of overall clinical health or response, including a diagnosed disease
condition that requires monitoring, a response profile for a 5particular drug or combination of drugs, or
subject observed observations of his health. 1002341 Calculated or observed information can be
provided to a user. Examples of users include, but are not limited to, a patient, a physician, a clinical
monitor for a clinical trial, and other medical personnel.  [00235] hiformation can also be integrated
into a central repository for inclusion into, for ample, a tOmedical record or a clinical trial report.
[002361E1g. 15 demonstrates an exemplary system of the invention wherein an analysis database
can receive infonnation from a database containing data from a reader or cartridge database, historical
databases, a patient database that can contain data entered b}( a patient, and a customer database.
Other features of a systER Y HVEHIEH S EERMEARIAEY el g™ 1%! e dem is capable of
55performing analysis SR U AT T EEERIEE By 18 SR The analysis can be any method as described

. . opLLS st f it 13 igi vint-of-care device injcommugtication with . . .
herein and can mclude’cf?vgksiy ing of TAliZing"a diséase map: Uising statistics tor a statistically analysis
es, sixch d¢ fransportation 1o 4 atory,

healthcare systemTnay not require (he fransier ol samp| or.

of information within, the SYSTEI Tepars of draphs, andlor.a combination.of e different methods as -

rove the A1 ang 1f 2 SYRLEITE OF T8

described. 1002371 Fig, 13 al30 llUstiates,a vaerinigHasehrbmavhe ilizad in. a system of the
invention. The 20user igierface.can interact with.any, of ihe.comRenents.demaenstrated in Fig. 15. In a
preferable embodiment,the user interface.allows a user to intetface with the system to determine test
data or analysis outcomgsqaichiasRaxsiRlagicallyreienantdioimation. theMees interface may be a
touch screen, moniter, keyRoarek: MAMSERLNLARaLItEM ahAlowsA-uSaE i interact with a system
of the invention as woul@be.QbMiausie,enaskiled-nthe.ait:2500238kAs shown in Fig. 15, a
system can be utilized tednanagpyateases Khpaintaksarc-dewes; Jiscartdhelade management of a
cartridge to be inserted-inip-theireaderfoimeasuemenbofidataddor examplesthie system can provide
the reader a protocol fareummirgeam-dmnmunoassayiaistiveccarirdgerpiosystem eftthe invention can also
provide informationito thesreaderformeaditimationoftl esintryrodssays fgrvamitire cartridge that are run
or executed by the reader»Readeit miatvdge mentcan Soaisdrirctadeinforiattofffor assigning the
reader for the appropridtetrisaergrisysbarricfordéattding aararmmeinsasddyfolr a point-of-care cartridge.
Reader management csrigisdeintttitscotioeimi-anbopriveriive setumneEarPA which is an
instrument of integrated®&Mel toisierBisive compliance management. An element of the CAPA
approach is an effettivé"GHtF et prieEsay Grauaity ueterkeies 8frors and malfunctions
with the goal to provide"%{ffiﬁ?ﬂ‘pﬁ‘?ﬁfé’p&%P{”é%‘ft‘f\?'é“é?‘fﬁ6"ﬁ‘§‘5”r’f8"§“‘3‘&]5ﬂ§‘i‘§fbHﬂ&‘?’lﬁfevents reoccurrence of
non-conformance situaﬁ‘ébﬁé‘?ﬁhés{fm]mslifsa?eﬁgmw&%z (li;”‘e“\"/%’fsdv_';écﬁ By e ES68 4hd Drug Administration
(FDA) for the inspectior%‘?l;rﬁhéudi’&bﬁ’f“ﬁ?gﬁﬁ%f"shfr home heali syatem With  gveh thecepy.

{08218} The health care operating system can inleract at the point-of-care with consumer systems,

25 such as au sssay cartridge, an assay reading device, or & mobile device such as a cell phone. The
fietd units can be integrnted with point-of-care home and mobile monitoring systems. Field wnits can
be remote, portablie patient care systems and can provide on-site, real-time, automatic processing of
cartridges for blood analysis. In serme instances, field units comprise a user interface, aHowing
patient to inifiate sseays and graphically enter a variety of relevant information, such as: patient

30 diaries, environmental, behavioral, and psychelogical information, and two-way communication
system from the instreaments 10 medieal personnet or mebile phones and back to patients with
relevant content, messages, and health information. In some instances, blood and environmental datn
15 sutomatically (for exmmple, wirclessly) transmitted into models in real time.

[00219] As described herein, a health care operating system can comprise information integration

35  and exploitation infrastructure thel permits, for example without limifation: data acquisition and

storage of point-of-care results in real time, integration of blood parametory and patient diary data
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[002391 Systems and methods described herein can be used for pliannaceutical clinical trials. In some
instances, the systems and methods accelerate trial timelines by an average of 18 months. In some
instances, a system or method herein may provide dose-response and efficacy dynamics profiles in
less than 18 months, less than 15 months, less than 12 months, less than 10 months, less 5 than 9
months or even less than 6 months. Real-time pharm.acokinetics and pharttutcodynamics may provide
better efficacy and more safety infonnation. The methods herein stay also decrease the risk of toxicity
slowing approval or restricting use by shilling dose across: sub-populations, concomitant medications,
and multiple indications. In other instances, a system or method berths can improve predictive visibility
into pathway dynamics. A model as describe can produce predictive insights and 10 power strategic
decisions. A system can support communications with regulatory authorities internationally and can
facilitate 'learn and confirm' strategy for adaptive clinical trials. (002401A system herein can include a
data management system. The data management system can be operated through a plurality of
devices or systems, orti#y=c4inghscbentradservierin Biarmplavtuimerhaneternent of a system of the
invention is shown in FTéfc45% metatdehrirprgusie i spstem salir1Sredetvetinptittt output from, for
example, a point-of-caré fedder2r gafrase Euetas it SHaR ST Ihatalase b Wihistorical database),
and a terminal (such ag*d{y&ainiterrRey rrHate e AGaThe S yEtaT EaRrareo conduct storage
management, for eXanfferstarage vra patiene S Halviatar sats P stsrage ¥iiformation related to a
particular disease or dFUQ?‘PdT[féT“ﬁG”r‘f@S?HW’I’%‘} f¥%ing a system and/or niethod of the present
invention to conduct a EliRical “F’”dﬁ"&“ﬁ%i’(ﬁ%?ﬁcéﬁ@”f rﬁﬁﬁﬁ‘)e“ Uats Yo manaGement and storage

an integrated Jink to an adapti ealthear agement systern, drug
dat o

tiye cliliic d syst
management systems cap receive “from the Eom] -of-car reader, and then store the
combinations mi Pos h ple, a server

. . . ~prescription monitoring, a health¢are operating system (for examy .
information in databases far ana S f?he dat .Both tsqénﬁ)fqgfépidaaia and the analysis data may then

i .
POINF <¥ (:Sar§w91o_ie o6d oo RE SyStem: Gl of, Corfelations to

be site PA for future usg,of a-system.£RLL.eAXAMRIG..If one side effect is noted in a patient in Phase | of

a clinical trial, that side gftectINfQrmaNR.Max% hesedion the.analsisalesults of a patient in Phase
Il of the clinical trial. Ag,anether.example, a diabetic 25individual may receive a glucose measurement
at an earlier time, whichomay ibenRedsed Je-avaluaiaithecopdiionfthaedndividual at a later time
following another measignent: EXAMEBLE 1400241 -Eroslate caneel: aRdAnti-angiogenesis
treatment 30[00242/ A &bhased.ahfrhaseda-clinical idaldioidreating aiskiaeckeiagnosed with prostate
cancer with an anti-angiegeniendiug.alianwsthocosevadiusimentsdpringdheytdal. The subject is
monitored over a course-gktkmegining thetelinioalesiveyxEire methadyeéaction of the anti-angiogenic
drug is to halt the growtt:2oi bleedxessels-inandrarounddhestumanthembyndsprving the tumor of
adequate blood supply=Thistay-ioeioce! iSehe migcangksictritional mecrosisydnde tumor, thereby
debulking the 35tumor »:480248i-Adtortrtmetifad-fadtion is determined, discrete clinical outcomes
are chosen by medical &bt sdeketisarptysidiarsoritlnicalmoritoreTesdiscrete clinical
outcomes chosen in thigerdripfetararoinptererregperst e Ry ipiartidilrespense (PR), non-response
(NR), and adverse drugT¥5cHor (APR)" TP eitigtbeerattire Ajioteiftetrug is hypertensive
encephalopathy in this SERATHHIES TOTIAU PSR BTHAREPE Yeptasemutie org tlinical outcome of
the SUbj ect with prost afxéméséﬁeé;gf_ ug'pélions and are the foundation of historical dats, The maps and baselines can be

used in designing fitture studies and in fiture studies to extract better information from blood test

resuits and provide early reads on efficacy across different indications.
($0225}Fig. 13 demonstrates an cxemlary database comprising an ontology of biomarkers that are
30 related some types of medical eonditions, For exaple, sepais as & disease i3 categorized a3 g
pathephysiology and iz ked in this cnfology to Acute Liver Failure {(ALF), Disseminated
Intravaseular Coagulation (DIC) and the fike. Bach of these pathologics can be considered a
sequellae of sepsis in the context of this ontelogy. In this example, a drug uged 1o trcat gepsis is
CytoFab. In some instances, the sequetlac can be characterized by the spectra of biomarkers as
35 described in Fig. 13. For example, ALF is characterized by specific pattems of ALT, AST, GGT,
and Alkaline phosphatase.
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chosen to define the discrete clinical outcomes. The bioniarkers are PSA, TI'S, hK 2, VCAM-1,
Eudothelin-1, and 6-keto-POE- fat. Using these biomarkers and the corresponding historical data on
the progression of prostate cancer treatments with anti-angiogenic drugs as well as data from other
10subijects in the clinical trial, a cluster analysis is performed. Each discrete clinical outcome is
assigned to a centroid of one of the clusters. 1002451 Before the subject is treated with the drug, the
subject is assigned a position in the probability space based upon the subject's data from the relevant
biomarkers. The probability of the subject belonging any of the discrete clinical outcome classes is
determined using the Mahalanobis 15distance, from which a probability is calculated using a Bayesian
estimation. The result of this calculation returns the four probabilities corresponding to the four clinical
outcomes of the example. The position of the subject is dettnmined by plotting the four probabilities in
the probability space. [00246)The probability space corresponding to four clinical outcomes is
graphically displayed as a square in two dimensions. The user of the model, in this example, medical
personnel, establishes@&FHiiree o e sy iteatesn s ‘ﬁ“c‘isr?“c‘)i %Sgﬁcﬁ’“ﬂé’frﬁased the subject data's
position and/or trajecto‘l‘ﬁ‘]"ifé"fﬁg;ﬁ%ﬁ%ﬁ”?‘?fséema%héa" ““I%‘“a‘ e jni Al Ot ome has a line

1 f L for an ec nom:cmce orp
representing the rule esfaBﬁvs A "fﬁ" e c’dcl‘(’:“'i Dersonnel. as sh pgshed lines in Fig. 16.
an mbn | cnmop m gystem can bmv:dc an car]y sys poss
When the subject cros%es he'd gjg owa ‘ci% the CR
& onset QCGSC QyS 11 C:

Ihe nmgegnﬁm e{&ggg&gt‘&gr%cthe subject is substantially
free of APR and has 'mpr°V9  his/her prognosis, 2510024140619, A6.Ihe. lraigctories of o different

subjects are plotted. Sub;n L.has a trajectory that starts |n the middle of the probability space and
then heads towards th%ﬁ&&%ﬂqm Iuibis xamble. hemegicalagksapakmay notice the
trajectory's speed or acggleratinn and intervenadn thedrealmaent«¥hensubiect | 's trajectory crosses
the dotted line towasds thelRRsondition sanalasmisastivaiac, the.megical personnel react
accordingly. 3010024sg..2kHajack drhasigultaiaciantthatheadsdowards the NR condition. The dose of
the anti-. angiogenie disig:éreakne G- s usiethe gresponding tonthe-suwlesestablished by the medical
personnel. After the adjustment-eithe-aosepiheirajectenysheading. charges-sowards the PR condition.
The example illustratesvad methoe. ardsembbeimént@fthe invention for monitoring a clinical real. 35
EXAMPLE 2 -37- 1002¢43¥iSe ysigsemvekntirf KErobtimtnr 00250 S alijeetsiwith confirmed or
suspected sepsis or sySterie irdttmpriatbryresposaiaiiron soeSHRg)ardtesred with an anti-TNT
therapeutic during a Plgise 4ty (désseratiitistirere'an SiEd) oraPHASE fiF ({8 Hdse adjustment allowed)
clinical trial. The subject ¢ HibfitorEw B\ rBatrse orimiEStutng the thirtarttidy. The method of
action of the anti-TNT dfl |°§“a”ﬁﬁ°?ﬁfféfﬁ??‘i‘§ffo‘r‘y‘“’l“ﬁé‘%§‘i‘é’“&i‘ﬁ‘rﬁ‘d”hi”b‘}’é‘{?éﬂ‘tﬁ’fg or circumscribing
downstream sequeffae GF lﬁﬁ‘%‘@“‘l iy S SRR G e give ‘hb’i"ﬁ b&%‘ﬁ“unc’ﬁon with a broad
spectrum antibiotic. 10875 TTM ﬁe"m’fﬁm"emfhm"élmfl aefionisd égfé?s r’i‘edmdlas"cmggf? tlinical outcomes are

sis of information in céam nu'mm ture as lllm.iraedml[
chosen by a physician. [he disc ezte clinic i ome sen in this ex mple are response (R),
non-response

generation of a trajectory, fozey Ugw gutlance, cof ubumuve tering prediction, sws 8PS, A
dats reports for clinical trials or new drug discovery. Examples of applications of a data

25  infrastsucture include reports (public or private), alerts (for example alerts of a user, clinician,
clinicad trial, or a pharmacy), and dynamic, adjustable trials.
{00231] Also demonsirated in Fig. 14 is the hiexarchy of information received by the exemplay
operating system from monitoring devices, The devices and operating system can monitor and
release drugs if necessary. In n prefersble embodiment, the devices monitor analyles in a bodily

30 fluid. For example, when monitoring blood, the devices may be capabie of executing preseription
blood tests for a clinical or preventative seiling or evaluaie drug systems as demonstrated.
[00232) 10 an aspect, a system is disclosed that solicits input from the user or his agent (for example,
a physician) to facilitate a conversation between the subject and his agent about the status of the
person's health at & time. Examples of input that can be solicited by a system include, but are not

35 limited to, estabiishing alert levels, medical notation, and personal notation. The system can acquire

clinically relevant information about a person and place the informstion tn a physiclogically-
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10(NR), and four soquellae (disseminated intravascular coagulation (DIC), acute respiratory distress
synclmme (ARDS), acute liver failure (ALT), and acute renal failure (ARF)) [002521 Twenty
biomarkers representative of the medical condition of the subject with confirmed or suspected sepsis
are chosen to define the discrete clinical outcomes. In this example, the biomarkers fall into multiple
categories to monitor the different discrete clinical outcomes as defined by the 15 physician.
Llixamnein Binding Protein (LBP) biornarkeni measure infectious growth and the R and NR conditions.
The LOP biomarkers are LOP, TNT, CRP, FL-6, and IL-8. 13ionearkers that are relevant to the D1C
condition are von Whitbread's factor, Protein C, thrombin, procalcitonin, neopterin, and PAP-1. The
biomarkers of the ARDS condition are von Willebrand's factor, IL-6, IL- 8,114, and TNT. The
biomarkers of the ALP condition are ALT, AST, GGT, LDII, Alkaline 20phophatase, bilimbin, and
Protein C. The biommicers of the ARP condition are Cre,atinine and Cystin C. 1002531 Using the
biomarkers described in this example and the corresponding historical data on the progression of
sepsis and the treatmentubsepsitwittraititTN T ARG S e 28854 f6m other subjects in
the clinical trial, a cIus@WﬁWi@ﬁ@%‘fﬁﬁ@ﬂ"’Eﬁéﬁ"t’jlscrete clinical outcome is 25assigned to a
centroid of one of the dftfétEr4: srhdosy iraBFore thtr SoTEEr1S tratred With' tRE drug, the subject is
assigned a position in fHErEB4EBA g@é‘“ﬁé@’gﬂ@'&%ﬂb‘ﬁq‘tﬁ%r%"”‘iﬂg“"%fé“&"é‘ﬁai’rfﬁk’f m the twenty biomarkers.
The probability of tHe é’ﬁ‘Bl EL WIS 1?‘?&"“[6““ﬁ3 sf“?Ff“’b ré"’i:rcebe C |ﬁ8|8f§‘f ou come classes is determined
using the MahalanoblswéﬁI “’Egﬁc O W i'(’:f Wi B?Ilie(lté' ?:‘5 q éaélougﬁgcé Baycsian estimation.

ited atient, a physi a injcal mofitor forac C
The result 300f this calcuﬁ?ion Tetirte i E)ro abilities corresponalng to the six clinical outcomes of

the example. The po&ﬁ’m&&%&m Lis.dels mlarz@nqapxmptmgcm@nm prohihilities in the probability
space. 100255]The probability space garresponding to the six discrete clinical outcomes is

(<4

graphically displayed 3g,a&XAY0.RWR-Linensians »Jhe.rRhyaician.A5laklisheas rules tracking
non-responsive 35subjects and.Reasibie.Advenkel SefHelas: f bR sres-arspieited on the hexagonal
graph as lines as -38- jliystratasin.Big. il themedical wapadition:of.the-subject is based the subject
data's position and/or trajeeioty i she. prahakiliiy-space D256 1R dig ildw.the trajectories of two
different subjects are pletiad; Suhjecik has.avfiajectanthatstartsayithna high-probability of being a
member of the DIC conéitien -owever.as thaibgulisequentitimespoinigsareitaken, the subject
trajectory moves away #60¥a dhe G cordition-andtovwardstie: MRricgnditiofid¥hen the physician
notices the trajectory's speed @nddteading, at T 6, he raises the dose. At T - 9, the subject's position in
the probability space h#&e¥ Fiigh sprdlsaisil tyofbiiriey pere ofiitdnit conditiom TheTphysician assesses
the medicel conditien oftregerisieetet @hypdintirramicaong theisubjactdttajectory.
embodiment, the user interface allows a user to interface with the sysiem o determine test dala or
analysis outcomes, such ss physiologically relevant infornation. The user inferface may be a touch
sorecn, monitor, keyboard, mouse, or any other item that sllows a user to interact with a system of
the invention as would be cbvious te one skilled in the act.
25  [00238]As shown in Fig. 15, a system can be utilized to manage a reader or point-of-care device.
This can include management of & cartridge lo be inserted into the reader for measurement of data.
For example, the system can provide the reader & protocol for ranning an immunoassay of the
cartridpe. A system of the invention can also provide ioformation to the reader for calibration of the
imunoassays run on the cartridge that are run or executed by (he reader. Reader management can
36 also include informalion for assigning the reader for the appropriate reading system for reading an
immuuoassay from a point-of-care cartridge. Reader management can also include comective and
preventive actions {(CAPA), which i3 an instrement of integrated and comprehensive compliance
management. An element of the CAPA approach is an effective and systematic processing of qualily
deficiencies, errors and mslfunctions with the gosl to provide sppropriate cotrective actions and
35 consistenily prevent a reccourrence of non-conformance situations. The CAPA strategy was

developed by the Food and Dirug Administeation (FDA) for the inspection of medical products.

35



ID 100257) Subject 2 has a trajectory that begins in the middle of the probability space and heads
towards the NR condition at T = I. However, at T 2, the subject's position and trajectory are in violation
of the rule established by the physician and an alarm is sounded. The alann alerts the physician that
the subject has a high probability of suffering from one of the dangerous clinical outcomes of sepsis. IS
EXAMPLE 3 [00258] Diabetes and Insulin Sensitization 1002591 Subjects with non-insulin-dependent
Type 2 diabetes are treated with a commercially available insulin sensitizer and are monitored for
efficacy and safety wherein the primary Atilt of 20concern is congestive heart failure (CHF). The
subject is monitored over a course of time during the clinical study. The method of action of the insulin
sensitizer involves re-establishing insulin sensitivity in the subject via antagonism of a nuclear receptor
in the adipose tissue and the liver. The insulin sensitizer and method of action act to ifitteaSe glucose
uptake in the peripheral tissues and thus reduce the circulating glyeentia. 251002601A subject and a
physician choose the best set of discrete clinical outcomes and rules fbr the subject based on personal
information. 'llie discreierslinical Quicomes-areiresporse: (R nonresponse{dR), and adverse drug
reaction (ADR). The AbR iis-gengestive-ieartfaittire: [8026%F Aiertechfeatlinical outcomes are
chosen, biemarkers mest representative-tf threnmre icidd ‘corditionnofitey $utsect are determined by
discriminant analysis. Fhesblisnter-Rerstreprésehtativecni S0 iebidy drtiistiin sensitivity treatment
are glucose, insulin adipdnetsie careresfrnt T RORBFEBRgasHe et fdtite identifies the
representative bionuo ke bremistn ﬂﬂ?i‘fﬁ&ﬁ@ﬁEfﬁ%ﬁtﬂe(@'ﬁﬂé’ﬁ”ﬁfhﬂﬁé‘fﬁéﬁﬁ?ﬁ&F—Eﬂsn-BNP (N-BNP), atrial
untriurelic factor (AN HeoHCPe Ay St ACii B HEg Prstem MY SElight chain-1, Myoglobin,
MMP-9. Using these bitsHiFrers s tE-terBSpB Y HESrcar dats o thE type 2 diabetes, a cluster
analysis is 35performet el iRt A G Eshic 5 a5 rﬁgﬁ GF éf;éeézﬁﬁoi “of one of the
clusters. [00262] é&fof‘éwiﬁfé“%%h?fé‘fﬁs;f gg}qgﬂasmﬁ°aﬁ:‘£ﬁg‘a ﬁﬁﬂg%ascﬁ%anﬁewsubject is assigned a
positon i the probabill 3L AS ST Ui 5 SRS 0018 o islsvanh iomarkers. The
probabilty of the subjeglbelqnainel AN 91N dlesisle Anicalauisome flassgsss determined using
the Mahalanobis distange, from. which & Rrehability s salrylaled.using.a-Baussian estimation. The
result 5of this calculation.refuins, ires.prehabiliies cairesnonding ia.the dkag:clinical outcomes of the
example. The position gf fhe, sybigct is.determined Ruplotingdhe thwepehabilities in the probability
space. [00263] The prohapility.SRALS CRELSSRLRHIRGLMRIRaEinigakelleamesds graphically displayed
as a triangle in two dimgngigns«khe-physician.and.subjesbestablishyylesunost-important to the
10individual diabetic sukjeetadhenolas areta track-the-BRand-AldReonditions:\When the probability
of belonging to the ADR.Genditianelassincieases beyend-a bouadaryidefined by the sole, an alarm

reader, and then store the information in databases for analysis of the data, Both the patient data and

the anatysis data may then be stoted for future use of a systern. For cxanple, if one side effect is

noted in a paticat in Phase [ of a clinical trial, that side effect information may be used for the

analysis of results of a patient in Phase 11 of the clinical trial. As another example, a dinbetic

25 individual may receive a glucase measurement at an eaclier time, which may then be used to

evaluate the condition of the individual at a later time following another measurensent.

EXAMPLE 1
[B0241] I'rostate cancer and anti-angiogencsis treatment
30 [00242] A Phase I or Phase I clinical tcial for treating a subyject dingnosed with prostate cancer wilh
an anti-angiogenic drug allows for dose adiustmenty during the triad. The subject is monitored over &
course of time during the elinical study. The methed of action of the anti-angiogenic drug is to halt
the growth of biood vessels in and around the tumor, thereby depriving the tumor of adequate biood
supply. This may induce ischemis and nutritionel necrosis i the lumor, thereby debulking the

35 tugnor.
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is triggered. The dose is increased according to a tole when the subject has a high probability of being
a NR. (00264] in Fig. | g, the trajectories of two different subjects are plotted. Subject | has a trajectory
15that starts in the middle of the probability space and then heads towards the ADR condition. In this
example, the subject may notice the trajectory's speed or acceleration and ask the physician ifs
change in treatment is necessary. When Subject | 's trajectory crosses the dotted line towards the
ADR condition, an alarm is triggered. The subject may react by going to the hospital. [00265] Subject 2
has a trajectory that heads towards the BR condition. The dose of the insulin 20 sensitizer is adjusted
corresponding to the rules established by the physician and the subject. After the adjustment of the
dose, the trajectory heading changes towards the R condition. The example illustrates a method of the
invention for monitoring a diabetic subject taking a commercial insulin sensitizer and, with the help of a
physician, monitoring the subject's own condition at home. 25EXAMPLE 4 (002661 Graphical
Representation of the Clinical Outcome of a Subject (00267] 'the example demonstrates a method for
communication of the rBEEMaM FBrPLPRE FIEHEAATE HTEHET S Y4 GEEF°THE MEHBY is to plot a series of
points and vectors in a%faee M BY SHERGEh HE VSRR EPIRS BBYGEN represent the
centroids of clusters of FELTETEFUEITEA] %Ht&’ﬁﬁﬁ%?f‘“fﬁé)’ﬁé‘%‘ﬁ%’ﬁ%’f%ﬂé’dﬁdb’fﬁ%‘“@presents the
probability that the subjERPHAPR BBIORY TS BEeh CahEaid T heTsrababiity of the Point belonging to the
discrete clinical outcsorrféarf?&lnverselx proportional [ the distance of that paint from the vertex. Since

tatjve of outcome e stibject W rdetate cancer are

. 244] Six htomag, e A A
the vertices represent dlthe sidrificarf cinical ouicomesaihe. SR ine.aiobabilities for a given point
must be I. [00268]A set,of Veciors s.crepted,where.cachvalue.of.aXactariarigsents the probability of
35inembership in each z@m@s&lmgggge Ihe moadulus dnagnitide).of ke valuasds the probability and
the -40- argument (ang|g).of the.Vecar.Raints.a.q MereX avhich-aisequallyspaced. The vectors are
summed and the resultjng.RaintisJosateddnithe composite probability space. Table | Discrete Clinical
outcome Time Point It 06245} Before the subject is treated with the drug, the sebiect is assigned a position in the

probability space based upon the subject’s data from the relevant biomarkers. The probability of the
subject belonging any of the discrete clinical outcome cissses is determined using the Mahalanobis

15  distance, from which a probability is caleulated using a Bayesian estimation. The result of this
calculation returns the four probabilities corresponding to the four clinical outcomes of the example.
The position of the subjeet is determined by plotting the four probabilitics in the probability space.
100246} The probability space cotrespunding to four ¢linical outcomes is graphically displayed as a
square i two dizensions, The user of the model, in this example, medical personnel, estabiishes

20 rules for the medical condition of the subject based the subject data’s position and/or trajectory in
the probability space. Each discrete clinical outcome hag a lne representing the rule established by
the medical personnel, ag shown by the dashed lines in Fig. 16 . When the subject crosses the dotled
line towards the CR or PR conditions, the subject is substantially free of ADR and has improved
hisfer prognosis.

25 [00247) In Fig. 16, the trajectories of two different subjects are plotted. Subject 1 has a trajectory
that starts in the middle of the probability space and then heads towards the ADR condition. In this
example, the medical personnel may notice the trajectory™s speed or sceeleration and intervene in
the treatznent. When Subject 173 trajectory crosses the dotted lne towards the ADR condition, an
alarm Is activated. The medical personnel react accordingly.

30 J00248] Svhject 2 has a trajectory that heads towards the NR condition. The dose of the anti-
angiogenic drug treatment is adinsted corresponding to the rules established by the medical
personinel. After the adjustment of the dese, the trajectory heading changes towards the PR
condition. The example iliustrates 2 method and embodirnent of the invention for monitoring a
clinicat trial.

35
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160249} Sepsis and Anti-TNFK treatment

[60250} Subjects with confirmed or suspected sepsis or systemic inflamuatory response syndrome
(SIRS) are treated with an anti-TNF {herapeutic during a Phnse IIb (dose adjustment allowed) orn
Phase ITI (no dose adjustment ellowed) clinical trial, The subject is monitoted over a epurse of time
during the clinical study. The method of action of the anti-TNF drug is anti-inflammatory. The drug
is aimed at preventing or clrcumscribing downstream sequellae of sepsis. Typically, the antl-TNF
drug is given in conjunction with a broad spectrum enfibiotic.

[#0251] After the method of action is detexmined, discrete clinical cutcomes are chosen by a
physictan. The discrete ¢linical outcomes chosen in this example are response (R), non-response
(NR}, and four sequellae (disseminated intravascular coagulation (DIC), acie respiratory distress
syndrome (ARDS), acute liver failure (ALF), and acute reaal failure {ARF))

[06:252] Twenty biomarkers representative of the medical condition of the subject with confirmed or
suspected sepsis are chosen to define the discrete clinical outcomes. In this example, the biomarkers
fall info nmltiple categorles to monitor the different discrete clinical outcomnes as defined by the
physician. Lipoprotein Binding Protein {LBP) biornarkers measure infectious growth and the R and
NR. conditions. The LBP biomarkers are LBP, TNF, CRP, T1.-6, and IL-8. Bictoarkers that are
retevant to the DIC condition are von Witlebrand’s factor, Protein C, thrombin, procaleitonin,
neopterin, and PAF-1. The biomarkers of the ARDS condition are von Willebrand's factor, 1L-6, IL-
8, IL-1, and TNE. The biomarkers of the ALF condition are ALT, AST, GGT, LD}, Alksline
phophatase, bilitubin, and Protein C, The biomarkers of the ARF condition are Creatinine and
Cystin C.

{00253] Using the biomarkers described in this example and the corresponding historical data on the
progression of aepsis and the treabment of sepsis with anti-TNF thorapeutics as well ag data from
other subjects in the clinicel frial, a cluster analysis is performed. Each discrete clinical outcome is
nssigned to a centroid of one of the elusters.

{00254] Defore the subject is treated with the drug, the subject is assigned a pesition in the
prabability space based upun the subject’s data from the twenly biomarkers, The probability of the
subject belonging to any of the discrete clinical outcome classes is determined using the
Mahalanobis distanoe, from which a probability is calculated using a Bayesian estimation, The result
of this calculation returns six probabilities corresponding to the six clinical outcomes of the
exampke, The position of the subject is determined by plotting the six probabilities in the probsbility
space.

[80255]) The probability space corresponding to the six discrete clinical ouicomnes is graphically
displayed a5 a hexagon in two dimensions. The physician establishes ruies tracking non-responsive

subjects and possible adveni of sequellae. The rules are plotted on the hexagonal graph as lines as
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illusirated in Fig. 17. The medical condition of the subject is based the subject data’s position and/er
trajectory in the probability space.

[00256}1n Fig. 17, the trajectories of two different subjects are plotted. Subject 1 has a trajectory
that starts with a igh probability of being & member of the DIC condition. However, as the
subsequent time points are taken, the subject trajectory moves awsy from the DIC condition and
towards the NR condition. When the physician notices the trajectory’s speed and heading, at = 6,
lie raises the dase, At T =9, the subject’s position in the probability space has a high probability of
heing part of the R condition. The physician assesses the me<lical condition of the subject at any
point in time along the subject’s irajectory.

100257} Subject 2 hias a trajectory that begins in the middie of the probabitity space and heads
towards he NR condition at T = 1. However, st T = 2, the subject’s position and trajectory are in
violation of the rule established by the physician and an alarm is sounded. The alarmy aleris the
physician that the subject has a high probability of suffering from one of the dangerous clinical

outcomes of sepsis.

CXAMPLE 3
{00258] Diabetes and Insulin Sensitization
{00259] Subjects with non-insulin-dependent Type 2 dinbetes are trested with a commiercially
available insulin sensitizer and are monitored for elficacy and safety wherein the primary ADR of
concern is congestive heart failure (CHF). The subjest is monitored over a course of time during the
clinical study. The method of action of the insulin sensitizer involves re-establishing inswiin
sensitivity in the subject via antagonism of a nuclear reveptor in the adipose tissue and the liver, The
insulin sensitizer and method of action act o increase glucose uplake in the peripheral tissues and
thuy redace the circulating glycemia.
[00260] A subject and a physician choose the best set of discrete clinical cutcomes and rufes for the
subject based on personal information. The discrete clinical outcomes are response (R}, non-
response (NI, and adverse drug reaction (ADR), The ADR is congestive heart failure.
[00261] Afer the three clinical outeomes are chosen, biomarkers most representative of the medical
condition of the subject are deterrnined by diseriminant analysis. The biomarkers representative of
efficacy of the insulin sensitivity treatment are glucosc, insulin, adiponectin, and resistin. The ADR
of congestive heart failure identifies the representative biomarkers ag Brain natrivreic peptide
(BNP), amino-ternvinal-pro-BNF (N-BNP), alrial natriureiic factor (ANF), IL~1p, Troponin-C,
Cardiac fatty acid binding protein, Myosin light chain-, Myoglobin, MMP-9. Using these
biomarkers and the corresponding historical data on the type 2 diabotes, a cluster analysis is

performed, Bach discrete clinical outeome is assigned to a centroid of one of the clusters.
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5081000000 5002691 For example, in Table 1, each row represents the position of one point.
The columns, labeled at the top, represent the probability that the point is a member of that cluster. So,
in Me first row, the probability that the point is in cluster "R" is 20%, that it is in the cluster "NR" is also
20%, and so on. t002701 For the data in the table a graphical representation is created as illustrated in
Fig. 19. We see 10that the surrounding polygon has five vertices, each labeled as one of the columns
in the tabular data above. The lint point of the set, at the tail of the chain or arrows, is at the center of
the drawing, indicating that the percentage probability that the point is in any of the clusters is the
same as the others. In this example, as the trajectory grows through time, the probability of the subject
data reaches a final point that has 100 per cent chance of being in cluster "R" and zero per cent
chance of being elsewhere. Correspondingly, the final point is at the "R" vertex. 1002711 Additional
information can be included in the output of the probability space, including the points representing the
data of the discrete cllnlcal anlmates that d flned the cluete 1Magnq centroids. SFig. 20 |IIustrates a

forc li e sub ect is e'u w1 ) B0 insulin mmn 19 4851 a posmo 1in

extremely risky proposzhg%@,mgwgg,;pw aﬁﬁm@g@gﬁmtm@lm fpdgagfn@crugmgal programs have been
identified as high 90% with.an amQtized.casialneadv.anabiliendQ dallarsspeasapproved ding. These
failures are due to any pumher.of faclars hese inclde. bk are Aetlimited te: a faulty hypothesis as
to a target's role in the guplutiep.aRfrRRRRYSICIRGY, phihadiseaauinedasting of that hypothesis in
an inappropriate, and nanspregictive, animal model; a faulty hypothesis regarding a compound's MOA,
inappropriate dosing s¢hasuiesdatindividuialsaithin.tanget.aubpapuatipns;inchuding inappropriate
phammecokinetios/pharmacaedynamics. (RHiRH) tbcharactenstosianedaveloping untoward
physiological effects (for:exammpie sAidyers@e{rugrck the NR and ADR conditions. When the probability

of belonping 10 the ADR condition class increases beyond a boundary defined by the rule, an alann

is triggered. The dose is increased according to a rule when the subject has a high probability of
being a NR.
[00264] In Fig. 18, the trajectories of two different subjects are plotted. Subject 1 has a trajectory
15 that starts in the middle of the probability space and then heads towards the ADR condition. In this
exmmple, the subject may notice the trajectory’s speed or acceleration and ask the physician if a
change in treatment is necessary, When Subject §'s trajectory crosses the dotted line towards the
ADR condition, an alarm is triggered. The subject may react by going fo the hospital,
[00265] Suhject 2 has a trajeclory that heads lownids the NR condition. The dose of the insulin
20 sensilicer is adjusted corresponding to the ruies established by the physician and the subject. After
the adjustment of the dose, the trajectory heading changes towards the R condition. The example
ithustrntes a method of the invention for monitoring a diabetic subject taking 2 commercial insulin

sensitizer and, with the help of & physician, monitoring the subject’s own condition at home.

25 EXAMPLE 4
{00266] Graphical Represontation of the Clinical Outcome of a Subject
{00267 The example demonstrates a method for communication of the resulis from the
mathematical model to a user, The method is to plol a series of points and vectors in a space
bounded by a polygon. The vertices of the polygon represent the centroids of clusters of discrete

30 clinical outcomes. The position of the poeints represents the probability that the subject data belongs
to each centroid. The probability of the poisd belonging to the discrete clinical outcome is inversely
proportional to the distance of that point from the vertex. Since the vertices represent all the
significant clinical ontcomes, the sum of the probabilities for a given point must be 1.
{UH0268] A sot of vestors is created where each value of a vecior represents the probability of

35 membership in each of the clusters. The modutus {magnitude) of the values is the probability and the
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Reactions - ADRS) in some segments of the patient luxuriance' and thus decreasing the therapeutic
index for the compound in that population. [00273] This example demonstrates using a Type |
biomarker for a compound within a particular therapeutic area to: (a) validate the underlying
hypothesis regarding the method of action for the test 20 compound; (b) identify, and then enrich, the
appropriate responder subpopulation in a confirmatory trial; and (c) develop a truly adaptive dosing
protocol based on the individual PKs and Ms of the responder population. 1002741A real-time
monitoring system is used identify the emergence of these characteristic subpopulations earlier rather
than later, to efficiently mmage and control the clinical trial and allows 25the clinical research team
make precise decisions regarding trial management. On a patient by patient basis, it dynamically
identities the compound's effects in one particular trial subject, and then physically titration that
patient's dosing regimen to accommodate a truly adaptive "Learn and Confirm" model of drug
development. [00275] Longitudinal sampling of proteins is performed with each patient, wherein the
proteins 30represent beththeupaitplysioitgy shohedise ssdyanaitHe FatHolBrhction of the
compound. A standardseltstettarmalysicis! aptiaerdt it sEMiple time point in the longitudinal

sampling space that is consistent with the evolutioft8fy dynamics of the pathophysi

ology of the

disease, and the purpprted me
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[D0269] For example, in Table 1, each row represeuts the positlon of one point. The cotumns,

labeled at the lop, represent the probability that the point is a member of that cluster. So, in the first

row, the probability that the point is in cluster “R7 is 20%, that it is in the cluster “NR” is also 20%,

and so on,

{00276] For the dato in the table a graphical representation: is created as illustrated in Fig, 19, We see

10

that the surrounding polygon has five vertices, cacl labcied as one of the colwnns in the tabular data

above. The first point of the set, al the tail of the chain of arrows, is at the center of the drawing,

indicating that the percentage probability tliat the point is in auy of the clusters is the samme as the

others. In this exaaple, as the trajectory grows through Hime, the probability of the subject data
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clustering assignment Me for each dynamic is measured and graphically plot as a receiver operator
curve, wherein the diagnostic variable will be the time at which the clusters were suggested, 1002801
Results of the emergent dynamics by Monte Carlo simulation of the described methods described in
this example and results in the following emergent dynamics as shown in Fig. 21. Fig. 25 21
demonstrates a dynamic subpopulation emergence based on cluster analysis of a Monte Carlo
simulation of a two-cohort clinical design. At Time = 4 there is sign ifiemit evidence for the emergence
of two clusters while by Time = 8 the bifurcation is complete and the sensitivity and specificity of the
method are both 100%. Fig. 22 demonstrates plots of the cluster calling statistics versus the
hypothetical number of clusters at Time "4. Fig. 23 illustrates markers of clinical effect 30with the
segregation of the marker space as a function of dose at the end point of a clinical study. EXAMPLE ft
[002811 identification of type 1 biontarkers Indicative of periodic dosing regimes {00282J Periodic
dosing, as a therapeutic strate nﬁ%mﬁmﬂa mainstay for the. treatment of many Ghroni¢ 35diseases or

reaches a fi {mr e chancc of being ZELY per

conditions. Foremost iy et €. anlfcaiost, Cheimaingrapy regimens and treatmens for

Poin

autoinatimme diseases, Whether fherapeutically,ar, n. g.coniss.faRadantiys, clinical trial, the
ability to both monitor and %@Jﬁ?t@aé&ﬁﬁ'%&xcmq sexicineprafies for.apadicular dosing regimen in

any given patient prsowggﬁ mggggmcg@tggglgp@lhmgm Jpformation regarding the ultimate
efficacy of his/her dosing strategy. The benefit of such a feedback mechanism is that the feedback is

timely and represents the mechanism of action gadseatinical impact of the compound. For example, in
cancer chemotherapy, ihe:feedbagk.is provided Ly imagngiechnolegiesdhat help quantify tumor
burden, which in many:gasesissaatiimely {00288l this-example-characierizegithe periodicity of the
molecular efficacy measuies igridentifyrirentds-andotlhermeastnes oeehdidabrerevance (for example,
increasing refractory respenrse):te-fuirthesigide-highnicalice eigimn # adimysidegydirmonstrated herein a
real-time feedback monitoring0systenmeh podauntfor=tH e peridticitoftdde 88%ing regimen and
characterizes any clinicatiytrercisin thedétHOfOORSU T Hsiwyd i it étitistically valid and
robust methodology witretsehyrzinieditidshamactavzesmr-titiestiepentnhrttiles of molecular markers
of drug activity in p&riotheayireat durpi et sUBPpERATBIR RATEHthER*ULEs that information as a
real-time feedback moRfgifor PSOPHATIZHIG tHEHErATatie rege o285 he protein profiles of a
treated population act A& 8RR RiPIRE Thderlying hypothesis s regarding a compound's
mechanism of action, tﬁwg%ﬁf‘ﬁ‘pl%@“émc‘%‘ Q&l’ﬁné’f’éﬁg Battern. refect e g’ierl 3|C|ty of the treatment

1 atidat ssre mgthc thod of ac
regimen, and taken as RROIE actas “F“’ flr m)

hol ld m m tmppmpnrage mspm&r C op (l).lllllln(j: %ﬁnwt at the site of action.
Additionally, if theni'is eﬁ!@, % of h

oga tEu ye“ E:pﬂve m!l? e&zrﬁ%s 011 Uml lvﬁua%goaﬁrg)ﬂ ?tlprOtelns Changes Wlth

time, the trend of that chan{grepogu ows a clinician of adjust the dosing

[00274] A real-time monitoring system is used identify the emergence of these characteristic
subpopulations earlier rather than later, to efficiently manage snd control the clinics] trial and allows
25  the clinical research team make precise decisions regarding trial management. On a patient by
patient basis, it dynamically identifies the compound’s effects in one particular trial subject, and
then physically titrating that patient’s dosing reglinen 1o accommeoedate a truly adaptive “Leamn and
Confirm” model of drag development.
{00275} Longitudinal sampling of proteins is performed with each patient, wherein the proteins
30 represent both the pathophysiology of the disease and the method of action of the compound. A
standard cluster analysis is applied at each sample thne peint in the longitudinal sampling space that
is consistent with the evolutionary dynamics of the pathophysiology of the dizease, and the
purported method of aclion and P of the {est compound.
[80276] Identification of the dynamics of the emergence of separate subpopulations within the trial

35 sample population can be performed with two complementary clustering statistics: Cubic Clustering
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regimen for example in frequency and/or dosage to individualize the therapy. 1002861 Applying a time
series-based statistical methodology to the longitudinal (within an individual patient) protein profiles
systematically accounts for the petioclicity of a given dosing regimen within an individual patient and
using that information to identify and characterize the 25emergence of any clinically relevant trends in
the response. This knowledge can then be used to both monitor a therapeutic regimen in an individual
patient and to design and manage the dynamics of an adaptive clinical trial. 1002871 By developing a
valid longitudinal Type 1 biomarker for a compound's activity in the context of a periodic dosing
regimen will: (a) validate the underlying hypothesis regarding the 30method of action for the test
compound; (b) identify potentially relevant clinical conditions comprising: growing refractoriness to the
compound, target response to the regimen, mid then adjust, as appropriate, the frequency or dosages
of the treatment itself; and (c) develop an adaptive dosing protocol based on the individual PDs of the
responder population. {00288J Using real-time monitoring and feedback to identify the emergence of
these characteristic 35tynanmics aidsrthe-tlinitiantorrekerrigricpreciseidetisions regarding patient
treatment and/or trial reanagement:-1002894&%stttiEtical Time Series analysis is used to characterize
the periodicity or seasdalgh R rmrarke prtretivishedgistient StjeetiectspERoHie treatments similar to
those employed in can%@‘rfeﬁe‘ﬁmfh‘éﬂbvmwwlwsr‘ﬁ%’Wé%tﬁ?é“ﬁﬁ%‘@t‘i‘ﬁ?fé‘“?ﬁ’é system adjusts for the
seasonality of the datac¥risiiige SHEWHIFER 2 SR Betretite e vesh °fﬁ?3§“as necessary, a one or
two lag differcncing 5 éﬁﬂ‘@?ﬁé”’&%“ﬁ}ﬁﬁﬁé‘&‘) ﬁﬂ"t&?@ "r"é“swéﬂfépf’n"fe rated movm,iy Average (AMNIA)
Models, to characterizé&” Pﬁ‘@gﬁ&ﬁ:ﬁ‘ﬁb?eg SRLE DRSS "'2} i “mp m&}c’pﬁa’laﬁgré@{ stream. Fig. 24

Thec! t t the known & ngnmemo a_patmn 1o
demonstrates patient cf&‘f BT G THe e aaEc m“ o.type 1 biomarkers over time. If two or more
r{.? Rout xizt en used stan uss:gnment sixtistics to calauiate gensitivity
proteins markers are |cfen e markers any temporal relationships between them (for example

d speci IC it the agsigment
without limitation, the Iete] ’QQ ity mc&% d and/or clinicalisadou).can.edentified and

characterized using tog’stﬁg lied Lads analysis.n. he.same.medaling.canigsk.Fach analysis depends
on explicit characterizafign, ot I, iesHime sarrelatans.chsered, nibe die series, the
Autocorrelation Functiqp (AGR):aRd:is.telatgd R attial.fliocepeatationftinatiendPACE)). Fart of these
functions can be representad.as.a ectenaf caselations.ydich apefunetienallyweependent on the lag
between measures. The.fukelignscan-Ranusedie.igaatify. linear trends in the data, periodicity in the
data, and ISnonlinear GuitvabEe Lyfamited -thedata, ke funetiens-ihepselves can be visualized for
inspection using histograms-calledaoiseiggians:s Ancedha datats desitrendedand the periodicity
accounted for, the individuml:spikes insthesmarkenprofilesaresaralyzed-tordessifthie compound is
working as expected. [@0296 % hetkr st stepuinvolveckin-develbpmgthisdmetiroddlogy is identifying
those proteins that besti2@restesentbbthethiepathopiey sidksgyrdf ke tistasearid the purported

method of action of theceompoinddi@mtecdtalifisiedrthele proemearesihpled longitudinally in
e ach p atient_ [60280] Results of the emergent dynamics by Monte Cerlo simulation of the described methods

deserived in this example and results in the following emergent dynamics as shown in Fig. 21, Fig.
25 21 demonsirates a dynamic subpopulation emergence based on cluster analysis of a Monte Carlo
simulation of 4 two-cohort clinical design. At Time =4 there is signifioant evidence for the
emergence of two clusters while by Time = 8 the bifurcetion is complets and the sensitivity and
specificity of the urethod are both 100%. Fig. 22 demonstrates plots of the cluster calling statistics
versus the hypothetical munber of clusters at Time = 4. ig. 23 illustrates markers of clinical effect

30 with the segregation of the marker space as a Tunction of dose at the end point of a clinical study.

EXAMPLE 6
[60251] kdentitication of type 1 blomarkers indicative of perfodic dosing regimes
106282] Periodic dosing, as a therapeutic stirtegy, js 8 mainstay for the treatment of tsany chronie
15 disesses or conditions. Foremost among these are anti-cancer chemotherapy regimens snd

trestments for avloimmunc digenses. Whether therapeutically or in the context of an adaptive
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[0029'1 Based upon the expected seasonality of the treatment regimen and the frequency of the
therapeutic dosages, an appropriate sampling frequency is established to ensure that the suspected
periodic expression of the marker proteins will be captured in the sample data sets. 25[00292] The
system automatically generates and inspects difference time series with 0, I, or two lag differences
comprising ANNA (0,0,0), MINA (0,1,0), and ARIMA (0,2,0) models and compares them to the best fit
through Root Mean Square Error, thus appropriately de-trending the data to make the series
stationary. Once a stationary series has been established, the de-trending parameters comprising the
slope of a linear trend line is estimated from the data, and an ACE and PACF for the 30stationary
series is generated. 100293| Any periodic expression paherns are identified and characterized as the
period of the peaks and their subsequent amplitudes. An example of this is shown in Fig. 25
demonstrating a time series of a biomarker value versus the time of chemotherapy delivery.  [00294]
When multiple time series are involved comprising two or more protein markers and/or 35levels of
compounds in the blood:ial distribiited taysAnansists perfonie 08 idtitiRand characterize the
correlations between tHesereEmH e BET PTHECHIEHHCUBIOEY 1HeHtTES the dynamics of the
emergence of protein rifarREr frades haffre st TeAT e taBalk 1 By relevant events and/or
the dosing schedule of B BETHIER? foGSETR RBHECEHE SImUTAton of the frin%thods described above
H : . slinical it e.compound. For example, in cancer chenwotherapy, the feedback is provided by ) )
using four time seriés ward @”é%g%tﬁ USIng & stationary time séries, a time series with linearly
H : . imeging techn eg that help quantify ¢ burden, which in many cases 18 pot tnely. | ) .
increasing slope, a time Seties Rt eXbe nq}ﬁtfgﬂéﬁ egreasing affect to mimic patient-drug attenuation,
. . [00283] This le characierizes the periodicity of the molec efficacy meafurcy 10 identd )
and a stationary time séries Wi Tieatly decreasing beaks,.ie.model atienlsdrug adaptation or
up-regulation of metabglic paiiays. EXANMPLE./10(00296] Ihne do.Eexsr.Spike and sepsis from
time series measurgments of Levels ff.Glickating.Rytpgans andather bigmarkers. [00297]A patient
with Acute Myeloid Letﬂgﬁrmg (AML) undergoing inpatient chemotherapy was monitored using the
methods and systems ggsgribed-Reatein mith.sampling.ehkieedeveatyfaurdie eight hours. The patient's
temperature was also ALt freaysRiy: k6 &levatiar1oPRald shhdehveen consecutive
measurements) was found AdLiNg fasighRated.zesminndable 2 andia sighRificant gecline >30% between
consecutive measure mgaiis.d 4. heuyrsdater.Fever was first noted eight hours later. The methods herein
would have anticipatediiie: subseghient seeognitionoaicepsigdyy BhoursyFalyet2iTime, hoursEvent
regarding a compound’s mechanism of action, they should, as a conglomerate pattern, reflect the
periodicity of the treatment regimen, and taken as 2 whole, act a3 a Type 1 biomarker for compoun!
activity at the site of action. Additionally, if there is evidence that the periodic expression of these
20 profite proteins changes with time, the trend of thet change aliows a clinician to adjust the dosing
regimen for example in fiequency and/or dosage to individuaiize the therapy.
[00286] Applying a time series-based statistical methodelogy te the longitudinal (within an
individual patient) protein profiles systematically accounts for the pertodicity of a given dosing
regimen within an individual patient and using that information to identify and characterize the
25  emergence of any clinically relevant trends in the response, This knowledge can then be used to
both monitor a therapeutic regimen in an individuel patient and to design and mavage the dynsmics
of an adaptive clinical trial.
[00287) By developing a valid longitudinal Type 1 biomarker for 2 compound’s activity in the
context of a periodic desing regimen will: (8) validate the underlying hypothesis reganling the
30 meikod of action for the test compound; (b) identily potentially relevant clinical conditions
comprising: growing refmclotiness to the compound, target response to the regimen, and then adjust,
a8 appropriate, the frequency or dosages of the treatmeut itsclf and (o) develop an adaptive dosing
protocol based on the individual PDis of the responder population.
[00288] Using real-lime mon#loring and feedback to identify the emergence of these charactm“istic
35 dynsmics mids the clinician to make more precise decisions regarding patient ireatment and/or trial

management,



0.0First elevation of IL-6 8.9First fever 14.3Significant decline in protein-C 22.3Septic shock
27.2Patient admitted to ICU 2010029%] The system identifies the relationship between the time to a
fever spike during aggressive chemotherapy of leukemia resulting in fever and dramatically changed
levels of circulating pyrogens (Protein-C, IL-6, 11-1 beta, 'INF-alpha, IL-10). This is performed by
employing standard statistical modeling methodologies. The system can be generalized to other
situations where sepsis occurs. It can also be employed for other situations where significant disease
processes and outcome of 25therapy can be beneficially projected. (00299] Science and engineering
often involve using easy-to-measure variables, called factors or independent variable factors to explain
er predict the behavior of other variables, called responses. When the factors are few in number, not
significantly redundant (non-collinear), and have a well-defined, functional relationship to the
responses, one can use multiple linear regression to characterize that relationship. However, if any of
these three pre-conditions should fail, multiple linear regression may prove to be inefficient or
statistically inappropricitesin thatedse Sonenrdy employdreaitertiveregdlrbuilding strategy termed
Partial Least Squares Regnession: fiths ristiooisiotyasrpra el sy e b there are many factors
that might be highly costinesrardswtierriffoieletiorsHify BetivEers nuependent variable factors and
dependent variable respomseis i deRASEFHE SR OF IS ), “éfrgﬁgﬁfé‘fg“iﬁ% construct a good
predictive model. [0630‘6‘5"?&?1’!!%1‘3%p‘ﬁﬁ”é“‘fﬁﬁ‘ég‘fb“’éml‘—““é\f "mﬁ‘:o béM"dasd?f 2r5ti&fical models using
levels of several circuldfiff )7F8‘§°é’ﬁ ﬁé“’ P ehonetiate e§ er 'é"ﬁ%ﬁs D tﬁ)etween parameters
computed from mrculaﬁiﬁ’wm Fogen VRS Yfﬁea‘?ﬁmcsroc\rf‘emrc mt}? %ﬁgzgr Ny ta(; Time-to-spike (also
labeled Lead 10 Time), @I’g}l] a'?:: é?bgﬁdtjgfz:: nd's éﬁwmi dﬁ:’efﬁé?:gﬁae‘:fg%ﬁn\?ef?lme is determined by

and the condition and %@?tlcm HR.RL ;b%aeg;m,%gmm a,g;wrm&mm&m s the point at which the
body physiology beging,jg.generaie.aleyansRike.Jhs deterianhreshald is.anarameter level at
which some therapeutig.jatervention isdndicated. The.systemsietermings thewelationship between
15the pyrogen levels apg.the-flepandentyadabiaidniha-maodel depd.ddye menabling prediction of fever
spike early enoughto inigrieRevithhengsficiat aueane 6400304 vt hisirethegand data provides
enables anticipation of thaentisge-patie Risiare- nestilikely dorxp edenceaifevemspike. The physician can
then preempt and/or amslisratedhe:orsetoithe diever-eventi fierexamplerdny providing prophylactic
antibiotic therapy. 20108@362) The treatment of patients with Acute Myelogenoos Leukemia (AML) is
used as an exemplary sggeTiSuch-patiedisdarerotiEntiedtos withiEedergexdt fndection chemotherapy
(in-patient chemothrerapy<typieadiyreismgiaeo et arromd drmgaheinterded ty eliminate all cancer
cells). An undesired sideseffécroftisindietoiitHerrotherpl iy tswaitrichile neutropenia. This
occurs because infectidli¥ #icroprganiesrirdean invaaethe: parert dué®rre Hactivation of active

immun |ty therapeutic dosages, an appropriate sampling frequency s catablished to ensure that the suspectad
peniodic expression of the marker proteins will be captured in the sample data sets,

25 [002%2] The system aulomatically generates and inspects difference time series with 0, 1, or two lag
dilferences comprising ARIMA, (0,0,0), ARIMA (0,1,0), and ARIMA (0,2,0) models and compares
them to the best fit through Root Mean Square Error, thus appropriately de-trending the data to
make the series stationary. Once a stationary series has been established, the de-trending parameters
comprising the slope of a linear trend line is estimated frem the data, and an ACF and PACF for the

30 sialionary series is generated,
[60293]) Any periodic expression patterns are identifed and characiesized as the period of the peaks
and their subsequent amplitudes, An example of this is shown in Fig. 25 demonstrating a time series
of a biomarker value versus the time of chemotherapy delivery.
[60224] When muKiple time series are involved comprising two or more protein markers andfor

35 levels of compounds in the blood, » distributed Jags analysis is performed to identify and

characterize the correlations between the series and their lags. The methodology identifies the
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25by the chemotherapy. The definition of febrile neutropenia is the fever spike, a clinician defined state
in which the patient's temperature measures greater than 39 degrees Celsius or in a six hour period
two consecutive patient tempenttures nie,asureil greater than 38.5 degrees Celsius. L003031 Fever,
as a defense mechanism, results from the effects exerted on the hypothalamus by circulating
cytokines, called pyrogens. These cytokines emerge from the immure system during an 30
inflammatory response. The best known of these are IL-6, IL-I beta, and TNE-alpha. The purpose of
this example is to identify a pattern of circulating pyrogens leading up to a fever spike, find, from them,
build a model that best anticipates the time-to-spike. [003041 The methods developed in the studies
may be generalized to generate a monitoring means in other high-risk disease states and therapeutic
procedures. 35[003051TIm system builds a statistical model characterizing the relationship between
the time-to- spike and the circulating levels for two particular pyrogens, IL-6 and 11,-1 beta. The
system, while -47- independent of measurement means, requites frequent sampllng in the period prior
to the fever spike (anyW’I“i‘@Fé°fF6Fﬁ‘°f¥"t‘6"‘gW‘@ﬁWégaBém T §1 THOSEBTTRE™TSY step involved in
developing the method wg PPEGHIPEY e }'é"cf: & imflon of fever in well defined categories and to
identify, as closely as POSIDIE HI& e 6F fff ¢ ée\‘}cél °e§’/ewe"“§&lg  definition chosen was that either
the patient's temperatff&| sas "rgé:”%m"’rr”e'"1:e teFlwm?f Haﬁg ::é”ym smgsopc' a six hour period or two

with exponentiai ccr ai ect {o mum patieﬁ §z CHI sta? 1onary time s

data for the cwculatmgT Ve Ts oF L ‘“i eta and TNT- alpha and other blomarken were recorded in
a database, based on fﬁe sampllng |nterval The samples in the study (3 10 measures per day at
8-hour increments) were subjected to post hoc gralMsiss and used to populate the model.

(003081 These markersgie.stlesiagdhasaddpanaRmbanahasertstodiasswhich show that
patients with Sepsis Sypdrama have.elavated levels of circulating IL4 beta, IL-6, and '[NE-alpha when
compared with criticallyébpatientsmithoui-sapaisandmnaimaaigentselsitcasey k. Annals of 15Internal
Medicine (1993) 119;8ubdided £8) B39 k-brpiedeminatelysagulatesdhey synthesis of CRP made by
the hepatocytes (liver) igithesacuieiphase-resperseitanserpton-of-ERR- ywise regulated somewhat
by TNF and IL-I. CRP istapenttaximpiaiels which bind ddepidasplivetolitreiaidacterial cell walls,
endogenous cal membtanes? ahdr-apoptotic bodies: Hiamhmtior cafset-byeiifattion/ sepsis,
inflammatory and 20 aisteiftrmeiné disorhsisvraichrdtieibiarg netsorferthaidnincies, CRP is seen in
increased amounts making it a useful biomarker irf¥fdnitoring sepsis and infection. CRP production is
not affected by neutropétfat*Fhere is an &tstindance of literature which focuses on CRP levels dining
tient-comic fever and in dlagnosmg the severity of febrile incidences.

First efevation of IL-6
8.4 First fever
14.3 Siguificant decline in protein-C
22.3 Septic shock
27.2 Patient admitted to 1CU

20 [00298] The system identifGes the relationship between the time to a fever spike during aggressive
chemotherapy of lenkenia resuling in fever and dramatically changed levels of circulating pyrogens
(Protein-C, IL-6, H-1beta, TNF-alpha, 1L-10). This is performed by employing standard statistical
modeling methodologies. The system can be generalized to other situations whete repsis occurs. It
can alio be mmployed. for oiher situations where sigaificant disease processes and outcome of

25 therapy can be beneficially projected.

[00299] Science and engineering often involve using easy-to-measure variables, called factors or
independent varlable factors to explain or predict the behavior of other variables, called responses.
When the factors are few in nnmber, not significantly redundant (non-collinear), snd have & well-

defined, functiona relationship to the responses, one can uge multiple linear regression to
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[00310] Protein C is anti-coagulant protein that is synthesized in the liver. It plays an important role
25in maintaining coagulation homeostasis. Protein C is activated by thrombin into an active protein
which along with protein S and phospholipid as cofactors, it cleaves coagulation factors VIl and V thus
inhibiting coagulation. Recently, Protein C's anti-inflammatory responses have been discovered.
[003111 Patients with sepsis and septic shock have Protein C depletion which may have a role in the
30pathophysiology of sepsis. Improvensent was seen in a specific subgroup of patients by
counteracting Protein C depletion by the addition of activated Protein C. Protein C can be used as a
biomarker in the diagnosis of sepsis in patients and as a therapeutic agent. One study found that
concentrations of Protein C are proportionate with severity of neutropenic sepsis at fever onset.
[003121 Ten adult leukemia patients receiving chemotherapy were enrolled. Blood samples were
35taken every ft hours prior to the onset of the fever spike and then every 6 hours until the end of the
observation period. Biomarker analysis was performed on these samples. Patient sampling of 8 hours
prior to fever spike and*8HBtTS el ER ef8pRkd BHEEREH® fﬁﬁ‘ﬂ@g”ﬁ’*&‘lﬁ‘él‘]ﬂg’ﬁst Squares model was
constructed based on tHE" FEPRENEE HEUF WA i 280rEL Tor 1i-811-Béta, and 'INF-alpha and
their sample-to-sample T84 e HEARGEE B RERHE™S tffé’l?’apméa{Iﬁ%trf\‘}f’eaﬁqf‘r’"iﬁ'r“ﬁs’fﬁig‘éstuqy, a minimal sampling
: methadology iy particulgrly usefyl whan there are mamy Iactors that might ba highly co-hnear, and; L. X
period of 8 hours and & miniral Window o‘?‘%"houri pfrye-sgl e IS Wi lent to_derive an anticipative
etween mdci)::nden vaniable factors ependent varigble response 18 -

. 5 en th {opaht . .
model of the time to spigﬂgéd'fd‘fﬁ:%g QH&QEH& lve c!omarj(ego ggy@&g@'&g%pn data was derived using well

construct o

known ELISA immuno?@ﬁ) Ant:plgl\{t\llghg%nmﬁaal*se%l;g)iIkIE-)§sbd|(|)Tils-ta ﬂ%tx:caa?n%(lﬂasl:slilr}llgll:e-vglgngérg:oncentrations
measured in pg/mL, and sample.to-sample fold.6hanass, N.cansaRILAiaR. ek recorded and analyzed
as follows. 10[003151ThHe concentration.dala.wears deshyiswally inspeciedforGaussian normality.
Because they were joghermally distibuied.the.datawas-tiansteimed hy.salesdating the log of the raw
data measures. Based.Qu.thess. HeaAsuiesxatiRiial-Radinlleast Rgyaras segeession model was built
that included all three pyogensancibai fold.changesfomsample ie.sample:. This model
characterized the amoual gfuepationqceatited-ies m-thewevatancastiuetutas of the dependent
vectors (times- 15 to-spike}oanthiheiindependentve cterspyragendevelsiilndhis data set there were
more independent variabjgs:dhass cegreeset fresdom nieo. bddress-itie: problemi=standard statistical
model building tools likeitep:dewn lmmineatioeael bettem-up addition were employed. (00316)ibe full
model (IL-6, TNP-alphageamidniinibetad anddtiieimsarmpiedter stmplortharges)iscounted for the
percentage of the variatioririn tie wko l@emode] cotvarismee4trgetons tvethie'20fercentage of the
variance in the dependerit Parfaphdy@itrituacepike)tysintyf8ature selection processes comprising and
not limited to bottor? ug°FEdpiteit g i tofF PO HBHET BRI EY "4 $étiBs of seven sub-models
were developed. (003%?‘?*]‘1’?@%8‘5%&%8&@1‘?%@8‘18{3’%8??‘18 PRBEIY 18 {sampledo-sample
fold change IL-6), log(1t AR EIpAT eI EStHIE A1 a5%s Ut thd Yo thitioaEl dBvariance and 27.5% of
the variance 25in the d&PERtERAE VA ABIE HHE T LRy onle nevtropenia. This occurs

because infectious microorganisms can invade the patient due fo the inactivation of active imsmunity
25 by the chemotherapy. The definition of febrile neutropenia is the fever spike, a clinician defined
state in which the patient’s temperature measures grester than 39 degrees Celsius or in a six hour
period two consecutive patient temperatures measured greater than 38.5 degrees Celsius.
[00303] Fever, ag a defense mechanisin, resalis from the offects exerted on the bypothalanus by
circulating cytokines, ealled pyrogens. These cytokines emerge from the immune system during an
30 infammatory response. The best known of these are IL-6, IL-1 beta, and TNF-alpha. The purpose
of this example is to identify a pattern of circulating pyrogens leading up to a fever spike, and, from
thern, build a model iat best anticipates the time-to-spike.
{60304) The methods developed in the studics may be generalized to geverate a monktoring means in
viher high-risk diseusc states and therapeutic procedures.
15 [04305]) The system builds 4 statistical medel characterizing the relationship between the time-lo-

spike andd the circuiating levels for two particular pyrogens, IL-6 and IL-1 beta. The system, while
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100318[The model is given by a standard multiple linear regre-ssion equation with the following
parameter set: intercept = 36.5; log(11-6) -8.0; log(IL-6 fold change) 2.4; log(11,1 beta) = -0.3; and
log(114F-alpha) - 4.4. Each measure is a point-in-time measure at the observed time-to-spike. For
example, 24 hours prior to the fever spike, the log of the concentrations of IL-6, IL-I beta, and 30their
saumle-to-sample fold changes from the 30 hour time point are added to the model using fitted
parameters, meaning the coefficients of the linear model. [00319] The [Mal model was selected from
the seven total sub-models because it accounted for the highest level of the percentage of variance in
the dependent vector. The final model included log(IL6), log(UA beta), and the logs of their
sample-to-sample fold changes as anticipators of time-to- 35spike. The size of the anticipative window
of 36 hours was selected by clinical relevance but is not limited to that anticipative window. The
selected model equation is as follows: Thne-to-spike=36.6-8"log(11,6)12.4*Log(1L-6 fold
change)-0.3*Log(IL-1 betsi-4.4*Log(TNF alpha) 100320111m results of the 10 patients were evaluated
in this example for theif ST PREFBRTLPRESFME B RETPL B RO 15 12 $piRES The data for each of
the pyrogens and their &3 ﬁ@?&-‘%‘éﬁh"‘i’f)‘f@f ¥8f&'5changes are in Figs. 27-32. Fig, 27 is the IL-1 beta
concentration versus ti%ﬂ%"ﬁ it Hmber ﬁ’“f’f‘%"ﬁ%'mtﬁe“g‘é{?ﬁyp'f?fé-éeﬁﬁ? &6id change for 11,1-beta

. . in well defin egories and (o idEntify, as closely as possible, the time of the first fever eveat. ) i
versus time point numit, EIGFISTE THE 1L coneentrafion verstis ihe ot fumber, wherein patient
4 became SeptIC. Flg %e!sluss tﬁthea gmuppt%;s%s@gn nieecutlgjg C%u@&?rj%ori'ﬂ}r@:a%ﬁ@}i?.stlme pOInt number’
wherein patient 4 becagpgggg&gsq. Fig. 31 is the TNF-céITDpha concentration versus time point number.
Fig. 32 is Me sample-tqzsamplafold shangeQufariNG-abha venligimepaintagmber. (00321j The
model anticipated the tipgeala-spike.i: all Ratisnts and.explainedthe. peseantagayef the variance
observed in the depgendentyvariahle .Raticnt6 had AlRASyRdiame ancdhysds.adtside the patient
population used to constaeict the modeL (003221 The residual plot for patient 5 is given in Fig. 33.
Patient 5 has a fever spikajand ha-i5doareasingmakers of cempetatiire saxdegrees C (right scale)
biomarker concentrations-given-ia: paint-wirereta -6 dsia i fold-dacreasapneimecessarily indicating
sepsis. An analysis of thexresicidais gugyastithatithe sy de nemticigations . fortheperiod between 12 and
24 hours prior to the fevergpike-aneononigystéimatic, meaning randomly distributed about the zero-axis
and the size of the resigtati ismoimorerthrairtife péreehtale-ttihe anttpédtettime-to-spike, which is
anticipated by the 20mestietersiigth & eeftraticFCEE 4 o3 rberpatk M4 the MBdel anticipates a
time-to-spike of 3.3 houP&RivetT e Attt ArtimRte Sk Ry ? THoUrLsantcht the other extreme,
anticipates a time-to-spTR& SF 31 g HeiFe ek tHe arttrartinfe T epke RS stually 34 hours as
demonstrated in Fid! 34 PAHEATA G4 PERE SHEWIAY BECraSEIFG B IotECRItA increasing IL-6 just
prior to fever spike. No%?iﬁéﬁ?ﬂ%}”%@f@?‘?@‘ﬁf’és?ﬁ Ji‘)‘f"c‘i’f“i‘hgkq’{)"éf%%“‘ef A VBT 4t time t minus the
lowest value in the rand&j¥5 th& &I SR %{Wé“éfer]: T RS RTURT SH A RIS value of the
parameter. A residual SFEARIEBREAFL IEHE 51 EScollent o the data megsured in patient 4,
meaning the residuls are tadory dishBlfied abolitiiie zeto axts, AN ndresidlal is greater than
20% Of the antlc_lpated H@?&E%’%R'Eﬁén?ss angsxgs\;{t% :pi]:]r:g cno]ragtgy 1@ !::ligaoes]édaSg; loggiwﬁ;ﬁll_&gﬂqpnduspn Of thIS
example, induction canger, ehemotherany. i5,0plv.0pe.9f e, inderlying, efiologies of sepsis. Others
include, but are not limited.to, severe burn and thermal injury or traumatic injury. In burn and traumatic
injury, the patient expregsapanalietation B Oemmune.yaiem esHiting.d0.4. prgdominance of the T
Helper-2 Lymphocyfe phapetiRs beretherhenctype fithehslpas.aell population switches front Thli
to 112. This is termed tb)@nilﬁhﬁﬂﬁ&h@ﬁ){&l&%} m.litinn of activated Protein C. Protein C can be used as a

biomarker in the diagnosis of sepsis in patients and a3 s therapeutic agent. One study found that

concentrations of Protein C are proportionate with severily of neutropenic sepsis at fever onact.
{00312] Ter adut leukemia paticnts receiving chemotherapy were entofled. Blood sanples were

35  taken every § hours priorio the onset of the fever spike and then every 6 hours until the end of the
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35makes the patient more susceptible to the onset of infection. Fig. 35 is a schematic of the Thl -to-
Th2 switch and the eytolcines representing each phenotype. Once the patient becomes infected, if the
underlying pathogen is identified, the rate and spread of infection can result in a systemic inflanunatory
response which is called sepsis. If the pathogen is unidentified, the inflammatory response is termed
Systemic Inflammatory Response Syndrome (SIRS). Thus, the underlying etiology of progression to
sepsis can be captured as a process divided into three physiologically 5distinct intervals: Susceptibility
to Infection, which is represented by the Thl-1112 switch, progression through infection, and the onset
and progression of sepsis/SIRS. The markers relevant to the monitoring of each stage are shown in
Table 3. Table 3 Sepsis Onset and Sequellao |. Sepsis Onset a. Protein b. IL-lbeta” c. d.
Procalcltonin e. IL-10 DIG a. Von Willebrand Factor b. Procalcitonin 0. Neopterin d. TNF-a

20

23

30

15

observation period. Biomarker analysis was performed on these samples. Patient sampling of 8
hours prior to fever spike and 6 hours alter fever gpike observed.

[09313] A Pactia] Least Squares model was constructed based on the pre-spike (36 hour window}
thieasures for [L-6, IL.1-beta, and TNF-alpha snd their sample-to-sample fold changes. Given the
data set derived from this study, a minimal sarapling period of 8 hours and & minimal window of 36
hours pre-spike is sufficient to derive an anticipative model of the time Lo spike.

{0314} Quantitative Biomarker soncentration date was derived using well known ELISA
immunoassay known to measure I11-6, 1L.1-beta, and TNF-alpha. Concentrations measured in
pg/mL, and sample-to-samplo fold changes in concentration were recorded and analyzed as follows.
100315} The concentration data were first visually inspected Tor Gaussiap normality. Because they
were log normally distributed the data was transformed by caleulating the log of the mw data
mieasures. Based on these measures, an initial Partial Least Squares regression moded was built that
included all thres pyrogens and their fold changes from sampie to sample. This medel chamcterized
the amount of variation accounted for int the covariance structures of the dependent vectors (times-
to-spike) and the independent vectors (pyrogen levels). In this data set there were more independent
variables than degrees of freedom. To address the problem, stundard statistical model building tools
like fop-down elimination and bottom-up addition were employed.

{09316} The full model {I1-6, THF-alpba, and 1L-1beta, and their sample to sample changes)
acoouned [or the percentage of the yariation in the whole model covarience structure and the
percentage of the variance in the dependent variable (time-to-spike}. Using feature selection
processes comprising and not iimited to bottom up model building and top down model building, a
series of seven sub-models were developed,

(00317} The ehosen mode! included log{TL-6), log(i1.-1 beta), log(sample-to-sample fold change IL-
6), leg(INF-alpha), aad accounted for 93% of the wial model covariance and 27.5% of the variance
in the dependent variable (time-to-spike).

{00318] The model is given by a standard multiple linear regression equation with the following
parameier set: istercepl = 36.5; log(1.-6) = -8.0; log(IL-6 fold change) = 2.4; log(1l.-1 beta) = -0.3;
and log(TNF-alpha) = 4.4, Each measure is a poinl-in-time measure at the observed time-to-spike.
For example, 24 hours prior to the fever spike, the log of the conceatrations of 1L-6, I-§ beta, and
their sarople-to-sample fold changes from the 30 hour time point are added to the model using fitied
parameters, weaning the coefficients of the finear model.

[6031%] The final model was selected from the seven tofal sub-nodets becavse it acceunted for the
highest level of the percentage of variance in the dependent vector. The final model included log(TL-
6), log({l.-1 beta), and the logs of theit sarmple-to-sample fold clanges as antivipators of time-to-
spike. The size of the anticipative window of 36 hours was selected by clinical relevance but is not

limited to that anticipative window. The selected model equation is as follows:

A



e. Protein C t. PAF1 g. (Pro)Thrombin Ill ARF (Acute Renal Failure) a. Creatinine b. Cystin C IV ARDS
a. Von Misbrand Factor b. IL-6 c11-13  d. IL-1 e. (IL-1 receptor epeeist) f. TNF V ALF (Acute
Liver Failure) a. ALT b. MT c. GGT d. LDH "

[£4]

20

25

30

35

Time-to-spike=36.6-8*1eg(JL6)+2.4* Log(2L-6 fold change)-0.3*Log(IL.-1
beta+4.4%Log(I'NF alpha)
{00320} The results of the 1) patients were evaluated in this example for their biomarker pattemns in
the 36 hours prior 1o (ever spikes. The data for each of the pyrogens and their sample-lo-sample {old
changes are in Figs, 27-32, Fig. 27 is the I1L-1 beta concentration versus time point number. Fig. 28
is the sample-to-sample fold change for YL} -beta versus time point wunber, Fig. 29 is the IL-6
concentration versus time point number, wherein patient 4 became septic. Fig. 30 is the sample-lo-
sample fold change for -6 versus time point nuraber, wherein patient 4 became septic. Fig. 31 is
the TNF-alpha conceniration versus time point number. Fig. 32 is the sample-to-sample fold change
for TNF-alpha versus tine point number.
[90321} The mexle! anticipated the time-to-spike in all patierts and explained the percentage of the
variance observed in the dependent variable. Patient 6 hbad ATRA syndrome and thus is outside the
patient population used to construct the model.
{00322] The residual plot for patient 5 is given in Fig. 33, Patient 5 bas a fever spike and no
decreasing markers. Temperature in degrees C {right scale) biomarker concenlrations given in
pg/mL, wherein IL-6 iz a [0-fold increase, not necessarily indicating sepsis. An analysis of the
residuals suggest that the model anticipations for the period between 12 and 24 hours prior to the
fever spike are non-systematic, meaning randomly distributed about the zero-axis and the size of the
residual is no more than the percentage of the anticipeted time-te-spike, which is anticipated by the
model using the equation 1.
{00323} Feor patient 4, the model anticipates a time-to-spike of 3.3 hours when the sctual time-to-
spike was 7 houss, and, o the other extreme, anticipates a time-to-spike of 31.9 hours when the
actual time-lo-spike was actuaily 34 hours as demonstrated in Fig. 34. Patient 4 data peinis showing
decreasing Protein-C with increasing I1.-6 just prior to fever spike. Normalized parameter is the
ratio of the {parameter value at fime t minus the Jowest value in the range) to the difference between
the maximum and minimum vatue of the parameter. A resicunl analysis for Patient 4 yields an
exceilent {it to the date measured in patient 4, meaning the residuals are randornly distributed about
the zero axds, and no residua) is greater than 20% of the anticipated time-to-spike, as detived from
equation 1.
103241 In conclusion of this example, induction cancer chemotherapy is only one of the underlying
etiologies of sepsis. Others include, bui are not limited to, severe bum and thermal injury or
irgumatic injury. In burn end trawmatie injury, the patient expresses an alieration in the immune
systern resulting in a predominance of the T Helper-2 Lymphocyle phenctype, where the phenotype
of the helper cell population switches from Thi to Th2, This is terrned the Thi-to-Th? switch and
makes the patient more susceptible to the onset of infection. Fig. 35 is a schematic of the Thi-to-
Th2 switch and the cytekines representing each phenotype. Once the patient becomes infected, if
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e. Alkaline phosphatase f. Protein C keratin-18 free ents 1003251Fig. 36 and Fig. 37 demonstrate
that the system uses an equation that is anticipative of sepsis using the Squared Maholanobis
distance equation and Dayesian Probability. The Squared Mahalanobis Distance is: 5D2(x))E1() where
jt,2 3 and the Bayesian probability is: Pr(jIx) = exp(-0.5D12(x))/Lexp(0.5N(x)) wherein p is the mean
vector representing the control(' of the patient population and) is the three different outcomes (sepsis,
fever, infection). 101003261Fig. 38 illustrates a graph in time of a plurality of marker proteins for a
patient in a sepsis liial. The time of the onset to sepsis for this patient is marked and all patterns
leading up to that point are relevant to the determination that this patient became septic. 1003271 Fig.
39 illustrates a bivariate time course of two particular markers (protein C and C-reactive protein) in the
same patient. The change in direction in the center of the graph represents a 15rapid onset of disease.
In this example, a patient rapidly deteriorated and was illustrated as septic in very particular region of
the bivariate space. In this example, the sampling intervals are fairly regular; therefore the length of
each line segment representstbrdaste ifiEHarge of et Biohairkerse s P4rticular space, 20 -52-
CLAIMS WHAT IS CLAMMED Seatrthod forehdiaetdrpsfigitra BrdaBmei st a clinical outcome of a
subject, comprising: a oS eREHE e fﬁb%fﬁﬁ[f%{%ﬁt@“&‘é‘fﬁf%‘ﬁsw“é SardPdiscrete clinical outcomes,
each or which is charaCfSr e By S Starisest o B“df’%cr’iso‘?"éfﬁé‘égf%%’é”‘b"ﬁ?auﬁ|cal marker;

5 distinet intervals: Susceptibility to infection, which is represented by the Th-Th2 switch,

progression through infection, and the onset and progression of sepsis/SIRS. The warkers relevant to

the monitoring of each stage are shown in Table 3.

Tuble 3
Sepsis Onset and [, Sepsis Onsel
Sequaliae a. Protein C”
b. IL-1beta”
e. 16"

d. Procsicitonin

o, iL-i0

a. Von Wilebrand Factor
b. Procalcitonin
¢. Neoplarin
d. ThF-a
o. Protein C
f. PAF1
g. (ProyThrombin
. ARF {Acute Renal Fallura)
a. Creatining
b. CystinC
V. ARDS
a. Von Wiltebrand Factor

k. IL-6

c. -8
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b. obtaining subject data corresponding to the at least one biological marker; and 10c. calculating the
position of said subject data in said probability space, thereby characterizing the probability of the
clinical outcome of said subject. 2.A medical information system for subject data analysis comprising:
a. an input device for receiving subject data and in communication with a processor; b. a storage unit
in communication with the processor having a database for: (i) storing 15data corresponding to a

probability space defined by a set of discrete clinical outcomes, each of which is characterized by

statistical distribution of at least one biological marker; and (ii) storing subject data corresponding to

the at least one biological marker;

c. a processor that calculates the position of said subject data
in said probability space 20as a way of assessing the probability of a discrete clinical outcome of said

subject; and d. an output device that transmits information relating to the discrete clinical outcome of c)
to an end user. 3.A method of characterizing a clinical outcome of a subject comprising: 25a.

constructing a probab

ility space within a server, wherein the probability space is,

discrete clinical outco
one biological marker
least one biological m
space thereby charac
at least steps b and c
space, wherein said tt
The method of claim ]
for taking a medical a
probability space. 6.
selected from 5the grd
to said

mes, each of which is gharacterized by the statistical distrik
b. entering data of a %W.‘?r%mt% oglg',\‘_gr%emr]}égr,_ said (_1ata cor
arker; and 30c| calculating the position of said subject datg
terizing the clinical outtoM€ of the subject. 4.The method ¢
are repeated dt variotisAinee poiritseto yield a trajectory witl
ajectory is indicative ofthetlikelihood of progression to the
L or 3 further comprising netifying a medical personnel or t
ction upon assgessing or characterizing the position of said
The method of claim 5°wR&fein the medical action involves
Dup consisting of alterirg ‘@'Y osage of an existing therapeut
&, Alkaline phosphatase

h

f. Protein C

20

g. Cylokeratin-18 fragments

[D0325] Fig. 36 and Fig. 37 demonttrate that the system uses an equation that is anticipative of
sepsis vsing the Squared Maholanobis distance equation and Bayesian Probability. The Squered
Mahalanobis Distance is:

D) = O~ 3)"T-1(y) where p=1,2, 3
and the Bayesian probability is:

Pr(ijx) = exp(-0.51 (x))/Eexp(0. 5D (x))
whezein p i3 the mean vector representing the centroid of the patient population snd j is the throe
different outcomes {sepsis, fever, inlection).
[00326] Fig, 38 iliustrates a graph in time of a piurality of marker proteins for a patient in a sepsis
trinl. The lime of the onset to sepyis for this patient is marked and all patterns Jeading up to that
point are relevant to the determination that this patient became septic.
(00327 Fig. 39 illustrates a bivariate time course of two particular markers (protein C and C-
reactive protein} in the same patient, The change in direction in the center of the graph represents a
rapid onset of disease. Ty this example, a patient rpidly deteriorated and was illustrated as septic in
a very particular region of the bivariste space. In this example, the sampling intervels are fairly
regutar; therefore the length of each line segment represents the rate of change of the biomarkers in

this particular space,

52w

defined by a set of
ution of at the least
esponding to the at

in said probability

in a probability

clinical outcome.
e subject of a need
subject data in said

at least one action

f claim 1 or 3, wherein

5.
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subject, administering a different a therapeutic agent, and administering a different combination of
therapeutic agents. 7. The method of claim 5, wherein the notification is electronically transmitted. 8.
The method of claim 5, wherein the notification is wirelessly transmitted, 109.The method of claim 5
further comprising, upon selection of the at least one action, performing an outcome analysis for
assessing a result of said selected action, and automatically updating the probability of a discrete
clinical outcome of said subject. 10. The method of claim 4, wherein the various time points cover a
period of less than about 24 hours. 1511, The method of claim 1 or 2 wherein the clinical outcome is
selected from the group consisting of complete febpdMSe (CR), partial response (PR), stable disease
(SR), non-rgspamnss MiRnadyesse drug effect (ADR), and drug toxicity. 12. The medical information
system of claim 2, wherein the end user is a medical personnel or the subject. 2013. The medical
information system of claim 2, wherein the end user is from a pharmaceutical company, 14. The
medicaf informatioh Sydrhirpthaupirivgibreirbehittoeitp Gligsticat traph S SN FEAYEMI8NS of the
subject data and the probakitityspace-inreapepse definstticiions fidrielbnicksatomes, &bh The

medical information syste,of €9 2, MSIF ) 1e,SIAAOE AL SRS slgiehR3splagence data of a

plurality of subjects in relationship to the at least one biological marker. 16. The medical information
system of claim 2, wherei##® data stored in the storage unit are selected from the categories
consisting of pathology, abaigmpysispafmenieRliamdiieaintent tuicomeidgdmtthaadiagical parameter,

pharmagokinetics parametey, peysfiologieal PAIAMGIEL K SERABIGIAIRATAon. 04 The medical

information system of claim heremn the database’is a public database.~ 18. The médical
information system of cleifAtgsichizieihr iratabtin QUSSR T AEREERYIFD. The medical
information systena efaiaiiZonneiaiRythean ifosmatiomtrangiyitednlyyithe:output device is encrypted.

20. The medical nforipalian sYeieof ¢ A A GURIPES 2uiE Ml AR b A M icelefgrmation
or

system of claim 2, wherein the input device andlor the output device comprgses aezt‘;ser,intterface that
can remotely access the h¥fREFRNH SO RiaHAaY IRRHRERISH & ATEhe S RIARE oW He FS Y e
processor calculates the positionsphishig subpedt-tidia ipesaittprebbpilityt spdisereis dinay of assessing
the probability of a d'Screéﬁ&mé%aéagﬂtﬁ%m&}ﬂfs%&k@aﬁlﬁm&%y statistical distribution of at least one

biological marker; and (i} storing subject dala corresponding to the at least one
biological marker;
o.  aprocessor that caleulates (he position of said subject data in said probability space

28 as a way of assessing the probability of a discrete clinical outcome of said subject;
and

d. an output device that fransmits information relating to the discrete clinical cutcome
of ¢} to an end user,
3. A method of characterizing a clinical outcome of a subject comprising:

25 a.  construcling a probability space within a server, wherein the probability space is
defined by a set of discrete clinical cutcomes, each of which is characterized by the
statistical distribution of at the least one biological marker;

b. entering data of a subject into the server, said data corresponding to the at least one
biological marker; and

36 ¢. calculating the position of said subject data in said probability space thereby
characterizing the clinical outcome of the subject,

4,  Themethod of claim 1 or 3, wherein af least steps b and ¢ sre repeated at varicus time points
to yield a trajectory within a probability space, wherein said irajectory is indicative of the likelihood

of progression to the clinical ouicome.
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23. The medical information system of claim 2, wherein the input device comprises a touch screen,
24. The medical information system of claim 2, wherein the input device comprises a data entry portal
or a keyboard. 25. The medical information system of claim 2, wherein the subject data are textual or
numeric. 26. The medical information system of claim 25, wherein the textual or numeric
information is 10solicited from the end user. 27. The medical information system of claim 2, wherein

the subject data represent measiements, e, alisashong AlolagisplmarkerATGsROL B podiy fuid.
28. The medical information system of claim 2, wherei the u’l%j_e_ct ata Ife,present‘measurements of
the at leastRe oG UEPETRECHRIGAIRP D RSGITNSIT PRI HERE e RPSHARALTVEYERFH of claim 2,
wherein theistbjesidatasepsesant. measurements of the at least one biological marker present in

blood.  30. Fhe mgdihifornalion Aaismabaan dowissin hamessuamenisals hiained by a

point-of-care device that is operated by the subject, . The medical information system of claim

1
30, whéreifth & PHB sREineAta i nradatar OhMbH SetiheE ot ke Sistrinagetto i dithin the
probability speiea, mhateiaisgddffenionheepresenisng dinthaderiastigheliffsessedidiutioalcdutcome.
32. The me&@%ég&grm@n system of claim 31, wherein the information transmitted by the output
device represents an assessment of the clinical outcome of said subject at a single time point. 33.

The medical iforraGBAIRAEAPER AT s s ireHos hRFTHESAHL HAMmEed by the 250utput
device representsintimehsd néslofithendssis tedhdifieadoistedmessly BansTiligednedical information

systenguof clagm 2 b erindBE QDY K HRMICS EABRESE SR RUOR G AE: SYSIERion35. The medical

information syg)tem of claim 34, w erejn the automatuﬁa rt.%stertgés progragnmableé‘pa)ﬁthe end user.

3036. The REHERPHIBIHSER LR BAUSHI8 Therei s SRS ATHEE ARG FEyBiivy
progjammaipdatias e protatpliadefindiskptotdioaldonmatinidatidaibied7. The medical information system

of claim 2, whgreinjhg.qubiesi-gata enigsantinedsuangisotine atieastanadiglogical marker
present in tuood. 38. The medical information system of claim 2, wherein the end user is a health

care providér: 3539. The medical information system of claim 37, wherein the health care provider is a
HealthH Maintéhand&<Orgbed zatsar i MO yhaon Aicdimigiiterirengabelsriedivem dsnapiging computer
readable insfuciiaRS WNERIWREH SXACIILD.LAUSQ R RKOTEISARER; discase (SR}, non-response(NR),

adverse drug effect (ADR), and dmag toxicity.

12. The medical information system of claim 2, wherein the end user is a medical personnel or
the subject.

20 13.  The medical information system of claim 2, wherein the end user is from a pharmaceutical
compaiy.

14, The medical information system of claim 2, wherein said output device transmils selected
portions of the subject data and the probability space in response to instructions from the end user.

15.  The medical information system of claim 2, wherein the storage unit stores historical

25  reference data of a plurality of subjecis in relationship to the at teast one biological marker.

16. The medical information system of claim 2, whesein the data stored in the storage unit are
selected from the categories consisting of pathology, anatomy, treatment option, treatment cutcome,
pharmacological parameter, pharmacokinetics parameter, psychological parameter, and genomic
information.

30 17.  The medical information system of claim 2, wherein the database is a public database.

18.  The medical information system of ¢laim 2, wherein the database is an internal database.

19.  The medical information system of claim 2 wherein the information transmit{ed by the
output device is encrypted.

20.  The medical information system of claim 2 comprises a netwodk.

35 21.  The medical information system of claim 2, wherein the input device and/or the output

device comprises a user inlerface that can remotely access the network,
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a. provide a probability space defined by a set of discrete clinical outcomes, each of which is
characterized by a statistical distribution of at least one biological marker; b. obtain subject data
corresponding to the at least one biological marker; and c. calculate the position of said subject data in
said probability space to assess the probability of a clinical outcome of said subject. 41. The computer
readable medium of claim 40, wherein the instructions operate in a software runtime environment.

1042. The computgfreadahic medinmof dainAd. whateln doe stugioar MenRXREEH-urther

causes a processor to provide a user defined alert condition based on an assessment of trajectory
parametersSHf FRUSH Rt Inatd BrPbAR YoBath ff P S L ARSI ihe are kit oo 5‘3‘?%5?5‘@ re at least
one of speediwaceelératicnhjeirection, and position. 43. A method of predicting the occurrence of a
medical condigon fhatl&RuUrEFmedicAlRiNaVRREON bR MERtAMRES G R RARI NG
concentrations of a first set of biomarkers present in a subject and measuring one or more
physiol%gic%ﬁrfﬁaicators of said subject at a given frequency, wherein the first set of biomarkers are
suspected toXMe pibdictvisaditfremiedisaitgonditiom 20thetvisty oputhis Goneantrationdatasaksyire in (a),
generating fiom) the firaleagt a subset of biomarkers that are more correlative with the occurrence of the
medical condigon nd/or a new frequenca/ of&gasuren]ent,o{ the piom rke(si and c. measuring
concentrationts of tHE ZSHEH BRI UAIT TR RARY the BRAG G TS BIHAEAST BT AYBF e or more
biomarkers, tHereBpredictingthedocervencd ofihe R Srveadicdicordition nuntdic THeomtithod of claim
43 further cmprsinganalyzingdata reflecting the concentrations and/or he physiological indicators
with multivarigie statistical software, 45, The. method pf claim 43, wherein the bjological markers are
presentin a t?:%jlosgjﬁl?:if‘;liHg’é\ﬁlr(r:1‘r‘EIléﬁr 8?%%%“5?@%?&??%&@2%;%1& hgé%feggglﬁ%aﬁfrﬁﬁ%rein the biological
sample is ciated yean dpirepmuonsiokrical mukisperarphsntbrity 8eidsis development of a subject
comprising: reaswHagaideasitneioarameierscaaieciedramibsugieupaaf dyreedy temperature of said
subject, (2) protein C concentration of .sajd supject, (3).inter in,6 (IL-6) concentration of said
subject, mu tﬁa)El élrﬁjrlr?\eenst% t%?if}éf‘é %aﬁé)ﬁl bé?to m‘f)%%%%?%?%%ﬁ(e}lﬁg % trend, and/or IL-6; and wherein an
increake beyshd ridwdisebipampisrattriemc tidein dselip profsirbicbAte mPseN and/or an increase
in IL-6 conggalratierds itdicativesobtbeisieyrlopmeat pésapsisingaid subject.

30. The medical information system of claim 29, wherein the immeasuremnents are obtained by a

point-of-care device that is operated by the subject.
31. The medical information system of claim 30, wherein the measurements are taken at various
20 time points to yield a trajectory within the probability space, wherein said trajectory represcnis a
time geries of the assessed clinical outcome.
32.  The medical information systern of claim 31, wherein the information transmitted by the
outpit device represents an assessment of the clinical ovtcome of said subject at a single time point.
33, The medical information system of claim 31, wherein the information transmitted by the
25  output device represents a time series of the assessed clinical outcome.
34,  The medical information system of claim 2, wherein the cutput device comprises an
automatic alest system.
35.  The medical information system of claim 34, wherein the automatic alert system is
programmable by the end user,
30 36.  The medical information system of claim 34, wherein the automatic alert system is
programmabie based on a predefined protocol for a clinical irial.
37.  The medical information system of claim 2, wherein the subject data represent
measurements of the at least one biological marker present in blood.
38. The medical information system of claim 2, wherein the end user is a health care provider.
35 39.  The medical information system of claim 37, wherein the health care provider is a Health

Maintenanee Organdzation (IMO),



48. The method of claim 47, wherein a decrease in protein C followed by an increase of IL-6 is
indicative of the development of sepsis in said subject. 49. The method of claim 47, wherein a
decrease in protein C followed by an increase of IL-6 and an increase beyond normal body
temperature is indicative of the development of sepsis in said subject. 50. The method of claim 47,
wherein at least about 10-fold increase in 1L-6 concentration in 10said subject is indicative of the

development,gf sepsis.inspithsiNeSlaumlokiemethathatclainmd invhersin, aleasianout 100-fold

increase in IL-6 concentration in said subject is indicative of the development of sepsis in said subject.
52. The metiBH'Et BRTRT BP $EiSP comprising the step of increasing frequency of measuring IL-6
concentration upon am ineredlse buperititnernalitigg bsmis elidreranalivical qeesgsetibrbtein C
15concentration. 53. Tha,methadehgialingg 4 swhereiniihadaasenaydsiosteasegdo aagema day, once
every 12, 8, 6, or 4 hours, 54. A method for characterizing.a medical condition pof a sybject,
compriing: ba. %ﬁ%ﬁﬂ?@%‘%ﬁ%f’%{”sﬁ %@Bﬁt&ﬁl a%&qg%r%]f)lﬁgfﬁqgo %ﬁIetgg{ gﬁgxﬁilological marker
and at 20least one physiclbgioaliparamtieter!fradsehizes dpffebtsiid gerbrbHinineperdoprerabifity of a
medical condition of the Emgty%m;mgir&gg&hgﬁmm@gb}ia&a obtained; c. selecting a second set of
subject data from he probability of the medical candjtjon: and 25d. obtaining the secaon of subject
data from the Subje “REPSHY %ﬁ%’rbg% 3%121%0?#6%?%4 ical condition 0 (t”gngdgg?ggﬁ Ig%C)!‘S;?HA&rer%thod for
characterizimigtipeaydiettynetita clinical condition of a subject, the method comprising: a. identifying a set
of bioipgrkersifor aglipiaaiyerelavan semdition R0k sqbtaningthengitudinas stibjestdatd tothesponding
fo atleast one biomarkerin said set (0,.00iain. A iend 0% SHNIPS! HPIRLG AR RS trend to
identify periGdic chAnges in the a féastone biomarker; d. measuring values of peak measurements of
the periodicatasipesobtimabieridaadeithe probability spacsy HM@HA AYHICAERAEIIAEH E51 sty
characterizing tregestiacicibaghinerdhehnicalodriayant condition.  56. The method of claim 55,

g%%vc%' ing a0 ARTMAMSHS! IR.detghming.adifferencing lag in

wherein the apalyzing step comprjse,
the underlyinég‘]’fno%}elﬁcal‘%ff])‘.)Eﬂﬁéecgr‘hhenﬁ?f of claim 56, wherein the differencing lag is used to de-trend

the treHd artfeetatineibs SeiRshraRPreRg:.

measuring concentrations of a first set of biomarkers present in a subject and
measuring one or more physiological indicators of said subject at a given frequency,
wherein the first set of biomarkers are suspected to be predictive of the medical
condition;

20 b. based on the concentrations measure in (a), generating from the first sef a subset of
biomarkers thet are more correlative with the occurrence of the medical condition
and/or a new frequency of measurement of the biomarkers; and

¢. measuring concentrations of the subsct of (b) and/or following the new frequency of
measurement of one or more biomarkers, thereby predicting the occurrence of the

25 medical condition.

44. The methed of claim 43 further comprising anatyzing data reflecting the concentrations
and/or the physiological indicators with multivariate statisticai software.

45, The method of claim 43, wherein the biological markers are present in a biological sample
of said subject.

30 46. The method of claim 45, wherein the biological sample is diluted by an appropriate fold.

47. A method of monitoring sepsis development of a subject comprising:
measuring at least two parameters selected from the group of (1) body temperature of
said subject, (2) protein C concentration of said subject, (3) interleukin 6 (IL-6}
concentration of said subject, multiple times to yicld a trend of temperature, protein C

35 trend, and/or 1L-6; and
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558. The method of claim 55, wherein the analyzing step comprises calculating an autocorrelation
function. 59. The method of claim 58, wherein the measuring step comprises identifying the
statistically significant peaks in the autoconelation function.  60. The method of claim 55, wherein
the analyzing step comprises calculating spectral density. 1061. The method of claim 60, wherein the
calculating spectral density is performed using a Fast Fourier Transform. 62. The method of claim

55, wherein the meagiine SieR SeRVises ifentiling thepomet sprettup iobiorimaximum spectral
density frequency. 63 £ method for monitoring ﬁﬂ?jc‘?]%%%&?%‘ns% ik %@%Wt%@ﬁb%&%%}ﬁé&fsa-
10

obtaining Iongitudinafosnlfﬁ?érgf%% cqrresponalﬁg to at least one biomarker in a set of biomarkers for a
clinically relevant cortditiopiéLebiivPiEdrend of the subject data, wherein the subject data is obtained
from a subjegt recaivingiadhgany: 47, Wienitendg-pasiadigittaf thiditverd banad increase of B.-6 is

corre_sgondijl %@9@% _.ﬂ% (tlt%%to a lesponse o ggglg}&r@py received by the subject. 2064. The method

of claim 63, wherein t eraBmls a pg fo Ic dosing regimen. 65. The method of claim 63, wherein

the responséfo tHderaslps 5 HHmabihzal Byt et rorsEarReifV Eiof the trend.
66. The methnsh afcehaisbbanwhareinttie timpe=depe daiitdbkavite iksilstentidibeministssd. 67. The
method of clll%ignctGS, wherein the time-dependent behavior is changing linearly. 2568. The method of
claim 65, wherein the time-dependent behavior is changing exponentially. 69. A method for
characterizintf thel8igsteA cE ety rmat st ehosp d Slld drreeaiedabi coasielstd a therapeutic
agentjdhe mgihagecomiptisinge af itkedivblingarsef epdiamaiéenbimta blood sample that act as
surrogate magkers{Qr e NerARGIES A6 30R.MBAsUIRGIRE S8Lef hlamarkrisdengiiuginally from

a group of patients exposed to the therapeutic agent; c, ide tifyir;%_distinct clusters in a multivariate
clustering SPYCHBEHHE AEALTFSA DanTEE BPIRY SoteBrBIBFTAIREM Hom the group of patients:
d. determining theltateafcbgatatiof Ghthe distintid tsterepad dhenasivafingueneydiftarrsa@Bbetween the

distinct Clu?ﬂ%ﬁ:@ﬁk@xﬁ@ﬁﬂﬁ{i&%mmﬁrﬁse beyond normal body temperature and/or a decrease in protein C
15 concentration.
53.  The method of claim 47, wherein the frequency is increased to once a day, once every 12, 8,
6, or 4 hours.
54. A method for characterizing a medical condition of a subject, comprising:
a. obtaining a first set of subject data comprising at least one biological marker and at
20 least one physiological parameter from the subject;
b. determining the probability of a medical condition of the subject using the first set
of subject data oblained;
¢. selecting a second set of subject data from the probability of the medical condition;
and
25 d. obtaining the second set of subject data from the subject, thereby characterizing the
medical condition of the subject.
55. A method for characterizing petiodicity of a clinical condition of a subject, the method
comprising:
a. identifying a set of biomarkers for a clinically relevant condition;
30 b, obtaining longitudinal subject data corresponding to at least one biomarker in said
set to obtain a trend of the subject data,

analyzing said trend to identify periodic changes in the at least one biomarker;

e oo

measuring values of peak measurerents of the periodic changes of the trend; and
e. characterizing the values of the peaks thereby characterizing the periodicity of the

35 clinically relevant condition.
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e. obtaining patient information from the group of patients to classify the patients in clinically relevant
subpopulations; and  f. comparing the distinct clusters to the clinically relevant subpopulations to
characterize sensitivity and specificity of the distinct clusters to predict the 5clinically relevant
subpopulations 70. The method of claim 69 further comprising identifying a second set of biomarkers
configured to improve the characterization of the emergence of distinct clusters to predict the clinically

relevant subRgpPUIBiONSihod of b TRBLAGRHAE Saikifd«uhierainihegraup.of Ratiemsiexposed to the

therapeutic a%ent are 10partici fants, méa c_Iin'ﬁ:al t(rli_a . (2. EhF method of claim 71, wherein the clinical
trial is a doBE AN TFFTAT 2 Y5 TRE ARAIR S5 Eain 7% "WhErein the clinical trial is a part of an
adaptive clinfal tiidk mzbod beckristhadvbrelaiie P8 arhensifetia weodhptidetendity ol #designed to
characterizg;amQpimalAasingdegimen. 1575. The method of claim 73, wherein the adaptive clinical

trial is designed tqaﬁhar%gtgriée aneg timal respon 62;801@'5‘&8”-1@576: Jhe method of claim 71,
wherein the measttg T GEE e S BB prEBY AR Ry e Mshaldh

aﬁgﬁf‘sndistance between the
distinct clustereentabigsiunctio.7,. The method of claim 71, wherein the measuring the distance step

comprises mgasuingtbeRAneaiesinfighheisdistanss:helwaamhe: distinet Gl usiersistiddlyThe

method of cS:Iai. 1::7112 vgae;r%i ‘ gha% meas léjﬁin _&Q&igistance step comprises measuring a Euclidean
distance mESRUIEBERVESR the drsiRcr ciisters. ~™79. The method of claim 71, wherein the measuring

the distance &fep Fheasubintpaitianhhtdnreiistimte sire vetnsshot g eceabiersit-

10 61. The method of claitm 60, wherein the calculating spectral density is performed using a Fast
Fourier Transform.
62. The method of claim 55, wherein the measuring step comprises identifying the power
specirum of the maximum spectral density frequency.
63. A method for monitoring subject response to therapy comprising:

15 a. obtaining longitudinal subject data corresponding 1o at least one biomarker in a set
of biomarkers for a clinically relevant condition to obtain a trend of the subject data,
wherein the subject data is obtained from a subject receiving a therapy;

b. monitoring periodicity of the trend; and
c. corresponding the periodicity to a response to the therapy received by the subject.
20 64. The method of claim 63, wherein the therapy 1s a periodic dosing regimen.
65. The method of claim 63, wherein the response fo the therapy is characterized by a time-
dependent behavior of peak levels of the trend.
66. The method of claim 65, wherein the time-dependent bebavior is substantially constant.
67. The method of claim 65, wherein the time-dependent behavior is changing linearly,
25 68. ‘The method of claim 63, wherein the time-dependent behavior is changing exponentially.
69. A method for characterizing the emergence of clinically relevant subpopulations of patients
exposed fo a therapeutic agent, the method comprising:
a. identifying a set of biomarkers in a blood sample that act as surrogate markers for
the therapeutic agent;

30 b. measuring the set of biomarkers longiludinally from a group of patients exposed to
the therapeutic agent;

c. identifying distinct clusters in a muitivariate clustering space of the measured values
of the set of biomarkers from the group of patients;
d. determining the rate of separation of the distinct clusters and measuring the distance

35 between the distinet clusters in a statistical manner;
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. obtaining patient information from the group of patients to classify the patients in
clinically relevant subpopulations; and

f.  coroparing the distinet clusters to the clinically relevant subpopulations to
characterize sensitivity and specificity of the distinct clusters to predict the
clinically refevant subpopulations,

70.  The method of claim 69 finrther comprising identifying a second set of biomarkers
configured to improve the characterization of the emergence of distinet clusters to predict the
clinically refevan{ subpopulations.

71. The method of claim 69, wherein the group of patients exposed to the therapeutic agent are
participants in a clinical trial.

72.  The method of claim 71, wherein the clinical trial is a dose ranging trial.

73.  The method of claim 71, wherein the clinical trial is a part of an adaptive clinical trial.

74,  The method of claim 73, wherein the adaptive clinical trial is designed to characterize an
optimal dosing regimen.

75. The method of claim 73, wherein the adaptive clinical trial is designed to characterize an
optimal responder population.

76. The method of claim 71, wherein the measuring the distance step comprises measuring the
Mahatanobis distance between the distinct cluster centroids,

77.  The method of claim 71, wherein the measuring the distance step comprises measuring the
nearest-neighbors distance between the distinet clusters.

78. 'The method of claim 71, wherein the measwring the distance step comprises measuring a
Euclidean distance measure between the distinct clusters,

79.  The method of claim 71, wherein the measuring the distance step measuring a Manhattan

distance measure between the distinet cluster.
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