ARTI FI Cl AL | NTELLI GENCE- ASSI STED MEDI CAL REFERENCE SYSTEM AND METHOD CRGCSS
REFERENCE TO RELATED APPLI CATI ON [ 0001] This application clainms benefit to
provi si ornaib 2appizibat i on U.S. Serial No. 61/171, 796, fil edTAseélo/02031 2009,

which is hereby incorporated by reference in its entirety for all purposes.

FI ELD OF _THE | NVENTI ON [000%& The present invention relates generally to a
conmput efREAEHeIAle INTEL 4T GHEN¢ ErW&I&&MEQVéABrﬁEEERENﬁE%%?@MMﬁse
events (e.g., pre- and post-marketi Adsr se drug events, reported adverse
events, etc.) and patient attributes }e.g., medi cati ons, conditions,
synptons, nedi cal devices or procedures, denographic data, etc.) to provide
alerts to users about potentially significant associations (causal or not)
and/or to prioritize results retrieved from pharmaceutical drug |abels in
response to a user's query. BACKGROUND OF THE | NVENTION [0003] It is often
the case that after a drug is approved by a nation's regul atory agency for
the treatnment of a given disease or disorder, the safety information known
to be associated with that drug cones froma benefit/risk analysis of the
results froma clinical trial that enrolled a relatively small patient

popul ation narrowy defined in ternms of allowable conplicating factors. The
safety information is typically included with the drug for use and
reference by users. qi{@%ﬁBE,FEB}é«NQE @@LR%@TﬁDa@%Welﬁéﬂgi@hch as the U S.

Food and Drug Adm nistration (FDA)), nmintain a database catal oging safety
information for various drugsin a process known as post-marketing safety
survei [[bedde, Tk appiadatien oMirgd benefieto(@ogsioniln@phEkiond) 8t SuriasNan Adver se

Event Reporting,SystenbéAERS dat abase of safety infaormation). [0004] After
a drug G1é17dpfR00liled il 2dsEW % tihichdehesebyinepiperated by efefpncsdp its SRLCHHET dr ug
is oftef kDY patients who are much nore conplicated in terns of the
nunber a ypes of other nedications they are taking and the background
conditions and synptons they already have, conpared to the patients who
were in the clinical trial. After a drug is approved for use and additi onal
safety events, such as adver v dverse drug reactions
(ADRs), are discovered throdéﬁlg%éFhﬁﬂﬁﬁgﬁﬁwgﬁggfety survei l |l ance,
regul at ory agencies require drug nmanufacturers to reflect that new

information by addi ng cautions and other warnings to the
[0002] The present invention relates generally to a computer-based, clinical decision

support system for processing adverse events (e.g., pre- and post-marketing adverse drug
events, reported adverse events, etc.) and patient attributes (e.g., medications, conditions,
symptoms, medical devices or procedures, demographic data, etc.) to provide alerts to users
about potentially significant associations (causal or not) and/or to prioritize results retrieved

from pharmaceutical drug labels in response to a user’s query.

BACKGROUND OF THE INVENTION

[0003] It is often the case that after a drug is approved by a nation’s regulatory agency for
the treatment of a given disease or disorder, the safety information known to be associated
with that drug comes from a benefit/risk analysis of the results from a clinical trial that
enrolled a relatively small patient population narrowly defined in terms of allowable
complicating factors. The safety information is typically included with the drug for use and
reference by users. Further, some regulatory agencies (such as the U.S. Food and Drug

Administration (FDA)), maintain a database cataloging safety information for various drugs



drug | abel. However, although sone drug-drug interaction information may be
published in a drug's |abel, an entirely new set of serious adverse events
associ at edownton2anyg specific drug nay be recogni zed wheRCTAS2@0081931
addi ti onal drug becomes approved and the two drugs beconme associated with
an AE or ADR that is not reflected in the drug | abel for _either; or 2) the
drug i SMAPEFFIKIRANN BrROST-WRENT RS ENEY SURE IBBREIr Pbﬁ@aaﬁﬂg%%ﬂ%as thsr ot her

pati entFﬁA%dlﬁgﬁgﬁn wa%%rs:\é\%rvéﬁe J[ %Qn{ {AERS), CY% %s@@ftsa iy n'?@rnllal@l%h}lSl on

criteria or were liste S|on crlterl he ori gl na
"registration” clinical trial upon whi ch regul atory agency approval was
based, [0004]f Afteya deges appeoedrot] usedtdutside of mclmigh te‘micsatgimgnuhnﬂergsis pitee. , the

trial was ed" ad at el || ow de ctlo ni fica

esoci deroRE b hREEh S AR HIRE ot Red iy GLhe bive Berng st 8 heci 11
backgr aHac R iHel QRStaRING 2R PR AR BlinPEdHRti IR hh& E‘}ﬁm binkithit 8%ady Bav@,
consequence, sole reliance on the rel atedness of rug wi th an '‘AE or ADR

as st ateeehparedde g paélb@ﬂs swhmyﬁrben thﬁ&hetsfglamél t/éft@rxqoqlrag 3 mr@mdzﬁmseﬁpér i ences
observed .i.n er ru ) vied a

agency a%dltlolrjléles%fe? en ] ﬁt? as aa?/grsef gvetn?s (@h%%?%r %lovgﬁgtd?u&r %{ct agzgfr%/{ 5

Sci enceliscov@red ilirbligh pvcfst Medictinp 8afegssuplasiineededlaory fi@heies iUt 0 be nore
than 1.5 mllion ADRs reported in the U S. each year, in spite of the

avai | aHquﬂ“tf%Ft‘Hﬁrsﬁﬁifﬁ‘fﬂe-cb@%%\f‘r"\émé‘?rwﬂefl by arding cagsiqns Andi ethee vprwgsrie disct s

based %Q%‘B@F%{é& R héﬁg%dsoﬂ{e é m%?&c%on'}{% é‘cﬁ)rn’m%yﬁé;;\)}ﬁ)glf? nd drug

| abel has™ been pub i she a drug has been pr use in
t he mardeeg’sbabel anegtilebt wavy sa @€ sarious advaiet @enistasdvamtdieeith ampxpwéld drmg use in

t he market, but before it has been ved for a new dis se or condition
or in d#els i5ae8nsRd Wt gy &Bﬁ‘g ﬁiﬁﬁ&a?éﬁgtbea?%s mr%ﬁqd aheosworf@a%ﬁ atory

agenci %c@n’ﬁe Q?so@i%ﬁeﬁ%ﬂt}pﬁpAE%r haak Hhe fl ot Péﬂét:ﬁeﬁ% eRalrg la'BelafoPE@tﬁa@S& A hat is
known as " -l abel "™ use. As such, there are often S|%uat|ons in which a

drug i sthcpd@gaa? u@édnmt@ntsmlthlba@cgrmdecoedatlsnsar@rsyn@tcmi @tqﬁh@“rpaafzmtl cacy

nf or mat | S been lis n_an exist ect to
e ki it Bpien Qi SEE AR e aterdPoigh e weagh s PiseBer etk ioled SR cequent
AEs or e&%wﬁ%ﬁ&@ia%ﬂ@lwohgmrahﬂegfsﬁrado@b@hmu&lem@fuﬁohawhla{ HGulBfy Qbed®gy not be
reported to the regulatory agency. Consequently, inportant decision support

i nf or neAPPEYahwaubaspiEr df thADRSICe NGk 108 rcdefiegyn bighenpegh nuekare(isr. dhesyl onal s
may not, he no?v}g&nwe%?(jtl 3de geaﬁélﬁg{o A6 (Eeg%g]gﬁ %glggl? ?u%t a]@&c%fu%'n? 8{ RE?%PAbtfisng

t hat drug nner. ornmati on
publis h@lﬂl thytt g riipaeuaty wiah tm@érg&aifes)abk@bumunfdamns aed Srifsms Ar other

D - O S srimizh. R o conscuenes, sole schimncs on the telatomness b & ciag With an Ak o) 62"
ADR as stated in drug labels may be inadequate to explain AE or ADR experiences observed
in the clinic after a drug has been approved by a regulatory agency for use in the market. In
fact, the U.S. National Academy of Science’s Institute of Medicine has observed that there
continue to be more than 1.5 million ADRs reported in the U.S. each year, in spite of the
availability of point-of-care drug-drug interaction detection products based on access to
published drug label data. Moreover, even before a drug label has been published, i.e., before
a drug has been approved for use in the market by a regulatory agency, or after it has been
approved for use in the market but before it has been approved for a new disease or condition
or in a new patient demographic group, that drug is allowed by regulatory agencies to be
prescribed by healthcare professionals in a process that is known as “off-label” use. As such,
there are often situations in which a drug is prescribed when no drug label exists or no safety

or efficacy information has been published in an existing drug label with respect to the kind

of patient for whom that drug is being prescribed. Any subsequent AEs or ADRs associated



used to enabl e users to search through drug labels to find AEs or ADRs t hat
a particular prescribed drug may cause or with which it may be ot herw se
associ at edl0 20tw4dieat ure enabl es the nedi cal practiti on@cCTius20me}08198Dr €

i nfornmed deci sions as to which drug or drugs may be contributing to an
observed AE or  AEs. However, regul atory agencies such as the FDA do not
requi r eVigh thg obalabslare of Brsdiug mayRitmeas B ibe reposgd ke rezWiden 228peei f i ¢

t hresh ' L d on the
FDA o o o B B o B AR e 8 o abase
or fromoswpphlemant @bfestibmilcalay hipt lad avaifde nadthenheathise gefesviedalf nbm t ypi cal
Phase 1V trjals eiua.res% ib NBQ%WQf the nmore serious ADRs (those that

t ypi calBr§CH wigthat; HiA A fabsHPYKR T or death) that are not detectabl e unti
a drug has been prescribed in many thousands, or hundreds of thousands, of

pat i ent[go@sie DAl 19b8 ¢R¥ANAHMEANGuRRkd 51 8RarhiacutREUSDSpah R Shat Wiinbfackey er al
years have passed since the date when a drug was first approved for use in

t he mardkegs. Abpabokeare siegifial jeterpncedabtamsor cigaision suppat Hifiethd$3)van in

associ at | o] n [ r.d ) N A | i dat ed and

Foqui 1 bblp PR T Sobh Bl B 435, AR, R ATARRE, RERR MR Sl

manuf agirencEbed@ifu@ meayt daaseupdaitie dhibhugmh@be bthetrvigtiNsbsied. anl femae avail abl e
to healthcare professionals. In the interim to reduce the frequency of, or
pr eventenablpRbeacdicah prchtiges feBakomarsintriged detijiophapi@aricohaie o diitses of

drug sghaf e LALABTRE 90 8bRfVed BB AEVIHFRELS 1 eidsGER as“i‘ﬁgi cal

ey A
treat nent” or prevention deci sions. wever, evenl though serious safety
event s F3A doinat eduist tituganapéaitdres tdupdpte dreirgirephibelrahtibspecidic thiesiglgrat | ent

attribute conbination may have heen reported to requl atory agency,
i nf or meFEBANGBBE _F?g%té VEPOITS BeRY 56 A é_@éé@? BPA s e ratrkRedr o
prOfeS%hRﬁ@&ﬁvdh%&%b@&qk@@dB?ﬁkﬁb9§(§dﬁﬁ&%€%§h@ﬁﬂhpﬂ@ﬁ%ﬁ&?dﬂﬁcﬂQﬁ&

information related to significant drug-AE associ atlons that have been
di scoven@dmatiwoasgh dpiedrfegovymidl Ehee 18 thiolst \shueswihineiy vd e mot sypeousheen

ubl i sh and/ or de ailgble to. the.heal thcare professional. [.0006] In
Paet £+ ouORE Ao n PR A ek it St Resls i Ly Bl S R Pl ne oo
of a pripng BResEeh pRAciEHAkh RehnQthdUshsi bil kAR o tHdEdnbBttpatilet aemone the
order of results retrievedfromdrug iabels and presented to the doctor
maki ng ditsevejaé pyd pihlished ingndive's laled un@l severakxearsthava passadsinehthegiatei velhasd from
drug | abels to. f i ei.ng.tre t hat
o oori CriE 3k philpbOE Rl uely G0l ML RBE Stholfcal ST OGN IBE i
ADR i nfth¢ thkiagnseenRitiah bedveen adiwgod dbgd sdraaf AR dhsbdehealiéatd ind efjuitdie

sert Ousbr;,qulg F]ajnAdtofbreep%l‘El)ﬁQh%% ircl) ]:1 drug’s label by a drug manufacturer before the updated drug
label is published and made available to healthcare professionals. In the interim, to reduce
the frequency of, or prevent, ADRs healthcare professionals must rely on additional sources
of drug safety information other than drug labels to support their medical treatment or
prevention decisions. However, even though serious safety events associated with a specific
drug, drug combination, or drug-patient attribute combination may have been reported to a
regulatory agency, information about those reports may not be accessible to healthcare
professionals, leaving the healthcare professional unaware of that information related to
significant drug-AE associations that have been discovered through pharmacovigilance

efforts but which have not yet been published and/or made available to the healthcare

professional.

[0006] In addition, in the course of processing an ADR query through a DSS, the use of a

pre-specified ranking or prioritization algorithm to determine the order of results retrieved



that ADR in the post-marketing world (i.e., the safety experience of that
drug outside of the relatively small and denographically defined patient
popul ati onotzhew12wes used in the clinical trial upon whi eaTiUSR01GNBIY3E
approval was based) depends on many factors, including how often drug

| abel s are updated to reflect changes in those factors in the

post - meFRBAryegabrds e pratauiadrty terdopfe MaiE\hE ONEP O i2neies FgiTRiGYAnse Ghe
‘ . . . " and
aspect lﬁfonalggo B3R ffoﬂlvaggg%#s tsggeg&gggfv P%%W@S‘Fg Egaté@{)l{];ﬂrgin% ¥gjems, an

conput er -r eadabl e storage use w i nical
deci si ahe glgppthnt hsystheltid ewatedess tof fhat mdjorandiopr d%e degrge iondbichetlDR N r egar di ng

associ atj ons . bet ween patjen ttrjbutes and o or. nore Al whi ch y be
used f JPTOFMBYSTLT RInG tcfg%l_tab%fg lespit @reaﬁtyeﬁﬂﬁ%fefwg&esi ﬁ%ﬁqursﬂcyo?fga
exanpl gna3\IDR Gk ﬁ&spofspﬁlaﬂgeam% dioRd (1.8 @ RBel QR pbBerRe of BHaBHAS)oukGEA5GhOY
associ ati ons between patient attributes and one or nore AEs includes

pr ocessthgveatsambised dehogmphicrdly dedimpd patiany pARdatenndthatneasorsedry the phnicant
attri buyt. for .associati.ons between AEs .and.patient .attri.bytes.,The

dat abadtEiroReeR e e SRraT TS el 5 iR B Ahest diiThGR ey

user - geffeh et abelp afct HdeRERS eFleBOchASes iRddist FRAAE iSAE Pbit-BMRiS Re3@CI at ed
Wi th prescription or non-prescription drugs, herbal supplenents, other

substances or foods, nedical devices, clinical procedures, other patient
attri butes, denographic data, and so on. The exenplary process further

includes identifying at |eqs{ngR Y%F%E@fﬁf’ENl?fé;Q’ee” one or nore AEs and
atron(s

one or nore patient attributes. $he assocl may be di scovered
t hrough an association rule discovery or other artificial intelligence (Al)

t echnol processes to deternm_ne one or nore associatiqn rules, ere each
associ ADVEH rgF@@ag 1S PRGYPEHET e Rptcat {nﬁF‘ét%F%ng‘ft‘érr‘lr‘&gﬂ?l?l&%‘ﬁ@éfh\ggﬁppo_r t,

and/ or QLBRK HidblphteriadaBleAMRIL MedilRE aRRIPHAL ¥or REOGRES ditlchher provi des
informalion to a user based on the identified or discovered association(s).

The i nfderivamisopperayysieme farddengilnang snd prpohingsinfdalatien rqgerding assha@atianke. [ 0009]
In one .exanple,. the identified associ.ations may, be ed to progess patient
dat a1 QEBGHD et bR aod ok oA ALY, 3B by i idine BN er) Lo
al ert td}@lé,ﬁ?p&gn@aw%nt swho nmay be vul nerable to the association

rul e-based identification of potential risks or safety information. For
exanple, an identified association may be used to identify a relationship
bet weer 090 ukeonsfexappleds pepsessiar pievismg MEPMakPR (¢-& htleivapearding) erted. In

cratiofls e . butés a do. . E e. e t '
one exaup %’“bﬁ B %vogﬁp gettnl ?t iby t3d onB Gk HELNAERERFRIL BRI QLG8 Ak AES, may

be analyze ase
information comprising AEs and one or more patient attributes for associations between AEs

and patient attributes. The database of AEs and patient attributes may include AERS data,
ADRs, user-generated reports comprising AEs, additional safety events associated with
prescription or non-prescription drugs, herbal supplements, other substances or foods,
medical devices, clinical procedures, other patient attributes, demographic data, and so on.
The exemplary process further includes identifying at least one association between one or
more AEs and one or more patient attributes. The association(s) may be discovered through
an association rule discovery or other artificial intelligence (Al) technology processes to
determine one or more association rules, where each association rule satisfies one or more
thresholds for confidence, support, and/or other statistical parameters. The exemplary
process further provides information to a user based on the identified or discovered

association(s). The information may include alerts, reports, bulletins, or the like.

[0009] In one example, the identified associations may be used to process patient data

records (e.g., associated with a hospital, organization, or user) to alert the user of patients



associ ations. [0010] In another exanple, the rule discovery process and

di scovered association(s) may be used to display information regardi ng ADRs
publ i shedwOnrow/piasmaceut i cal drug | abel . For exanpl e, wrhe/tsgsamoand
process may use the rule discovery process for changing the prioritized
ranki ng of pharmaceutical drug. | abel-derived results of an ADR query that

was madde Bep g huiaeEBledathe asperdaipnal kaged dendicaien ok paiertal ke iy | abel
deri ved,fesufisd a]fd?%’kaﬁ R, DPIERfid 188 ACGLE @@gfeg?/@g{nl%la%ﬁgﬁpec' fied

prioritization gorithmare, as an option, ‘re-ranke ow ng ‘Al - based
wei ght itegvdeachons dfowberngspind ad AR dor ehialnteaseain abxedplaone graopés s seincl udes

accessi a conmput er readabl. or age nmor torin ecords of drug safety
or eff iorélg’éﬁier}tﬁﬁngr Wﬁ{“idH‘r%, Pf%%ff&lﬁe‘géméﬁ 8@‘1 g&ﬁépg%ﬁbng,d rb?ﬁ‘:&é%ni ifetidied) east a
porti ons@fcidifdgs drug | abel segnents based on input patient attributes
(according to a ranking algorithmbased on density of key terns, enphasized

Ianguage, or the like), applying one or nore association rules to the drug
| abel d89HHNt b anpHer axanerle.dhe ore disgtaery pioatss fahé distoredhasdediatioaés nefy IREs and

i i-b i h | I h
A T D

appar atexagple( theGysteRQUE piSIeSs meE (1 3ehe ABRISEEVesy prdesstfbecHankid) thd nt er f aces,
and conput er-readabl e storage nedi a_conpri sing conput er-readabl e

i nst r udtriosiaes Bnkingrof phagasetticehdrug ddbet-fediedgpaiie o5 as Alfeapp had8@s BRI EF
DESCRI Ffﬁéog\‘gﬁ gfg F‘gpgﬁﬁéeél_%'%%d [nQeQ%%.} reﬂ}%n&r ﬁ&%ﬁ{ BRRLLE f’aﬁakpcﬂ:rﬁf@@ rdGiedest

under st 00 to the oW ng description“taken 1 n conjunction
Wi t h t hbatace oorpally iretgrcd avearding itg somes p@rgesifice priostiation hlzolittedreher & n, in

which Iike el enent y be referred.to by |ike punerals. [0013] Figure 1
i |1 ust roptigs rﬁﬁa%f’é{ﬁ?p!@f)yl%yéﬁéﬁeﬁr"%ﬂﬁgl}t’é‘étf%ﬁt%rsé‘hBe Pﬁ}iefioﬁﬁ%ﬁ%an% § upporti ng

syste ”ﬁax@ﬁﬂlaﬁ’yr be%és%%ﬁqlﬁ’@e% %&é%ﬁﬁg Q%ﬁﬁ)ﬁte[r Q0d4d1e Eﬂogigé ‘%ne%nér& |s£b§itn§ FL&BIAST
exenplary systemarchitecture for supporting systenms and processes

descr i blrdg kedeteyion efffc@oy Biformiagion esicB As dinig 18181 s¢dnuemts, atderibg ablesla portemsoff or

use in rul e di scover [ OCEeSS. 016],. Figure 4A.il|ustrates. an _exenplary

br ocesdh BETp ) R BFT§F Pt bdR ettt BredRtna 1o P ooR R R

associ akQNén @&%M@@ﬂk@%ﬁﬁs,@ﬁ\?h@i@@tw@mg@t& iHeMe® - app B/ dneFdrGhsie 4B

illustrates a schematic illustration of detectlng a significant association
association rules to the drug label segments, the association rules identified from a database

of AEs and patient attributes, and reordering the drug label segments based on the association

rules.

[0011] According to other embodiments, systems, apparatuses (e.g., computers, server
computers, and the like), interfaces, and computer-readable storage media comprising

computer-readable instructions for carrying out the described processes are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present application can be best understood by reference to the following
description taken in conjunction with the accompanying drawing figures and screen shots

included herein, in which like elements may be referred to by like numerals.

[0013] Figure 1 illustrates an exemplary system architecture and environment for

supporting systems and processes described herein.



between an AE and a patient attribute and providing an alert. [0018] Figure
5 illustrates an exenplary process for altering the display (e.g., ranking
or prioriwpzatoamiscores) of information in response toPATASRITODIIAET Y.
[0019] Figure 6 illustrates an exenplary screenshot of a point-of-care
DSS- based. ADR _quer 0020] Figure 7 illustrates an exenplary screenshot of

i nf or rd®HH elk“ltgﬂla%¥ é‘&gsffﬁ@ﬁﬁlﬂ RECTHM APy sie T ATetHCCHF LT P BRRITENHYSEEAEd i t h
t he dr;lggceggésrags&%%gﬂe?}ﬁ_a patient. [0021] Figure 8 illustrates an
r ot

exenpl dry screens of the extracted information that is assigned a
ranking or prioritization score using a pre-determ ned algorithm [0022]
Fi gur e [9013]] uEiguaess3A and 8BaHpitate/bigomee rsérofior ofe it mbratdisdvenyfpoegeas.i on
derived fromdrug | abels that is ordered for display back to the doctor

Ser cond B Opiefe AA PR afaarber wBthr Tty eakaba Bt BB ERe °

altere o@érﬁiﬁll;’ﬂyi%bﬂﬁ:%k BfocadliofX BERkeal ¥n AFasESSpatiescitiribed. her ei n. DETAI LED
DESCRI PTI ON [ 0024] The follow ng description sets forth numerous specific

configurations, paraneters, and the |ike. It should be recogni zed, however,
that sU8Mldeskigupe #BAllysratrsp sehaneiigdtusiatian pf dyteciinedrignfieanbagespdont the
presentbelt‘pé/e%r%gg@fn(g?ggﬁ thﬂ?ﬁﬁlﬁggncpﬁr%gl B description of exenplary

enbodi nments. | y speaki ng, an n one exanple, systens and
processes are described for processing database information of AEs

(i ncl udDOB]ADRgpre anldhspates emtxabpliylproess fanteiinett idisplayge as sodied oron r ul es
bet ween one or nore ﬁgs nd one. or nore patient attributes. For instance,
one or MIEZ2HYoiPeh lﬁgﬂ‘?mﬁ'é‘)lhglerasﬂoﬂ}see%ﬂ et 295" Yat abase of AEs and
patient attributes to discover associations (e.g., rules) that satisfy

pr edef i[peM]t NFREROb dSus(rated an ekhplalyRAEhshot 6N bsiaNELcart MSSLRSEd ADRESS,
etc.). Such rules may be used within a nedical point-ofcare clinical

r ef er erfi¥€rYsyst em or deci si on support system (DSS) for processing of AEs and
patient attributes. [0026] In one exanple, exenplary processes include

not i fyi[ﬁg%(ﬁr Pload b | s'drﬁ%é%rll ?%%@]lﬁ&r%weﬁgﬁopgﬁﬁ%r{n%'ﬁ%ﬂisygt?zlctézlet%r?it}gegt support

system potentially si t “associ atrons (causal or not ween AEs
and patphammacatitical Britedsbel Farso@x@dplith, the Heige baipy taken basgdtient! i ni cal deci si on
support system generally processes AEs (e.g., pre- and post-marketing

advers %Ogiﬂg Figure 8 illustrates an exemplary screenshot of the extracted information that is

assigned a ranking or prioritization score using a pre-determined algorithm.

[0022] Figure 9 illustrates an exemplary screenshot of extracted information derived from

drug labels that is ordered for display back to the doctor (user) making the ADR query.

[0023] Figures 10 and 11 illustrate exemplary screenshots of an unaltered and altered

display of search results, the altered display based on an exemplary process described herein.

DETAILED DESCRIPTION

[0024] The following description sets forth numerous specific configurations, parameters,
and the like. It should be recognized, however, that such description is not intended as a
limitation on the scope of the present invention, but is instead provided as a description of

exemplary embodiments.



events, reported AEs, and so on) to determ ne associ ations and provide
alerts to users. In one exanple, the associations are applied to patient
data (e. gvp2paXi2ens data associated with a hospital or ecyarsc@and®a) to
provi de patient- specific alerts or notifications specific to one or nore
patients. In another exanple, systens_and processes for priorjtijzing

resul t S0Py | Binadlyrspedkiph anedt @in PREIPIG PUEC T ab RoFGisesedparrsdbedbion user' s
query OV : . 3 i t i nt. [0028]
it argeRa Uikt KBRS ch of A N RS B A o e ot [

whi ch aderttdying asyentisn arles taepl @ wimdrbhd Hssead onabvembacgsienappiuasuses, and
processes .descri bed are provided. nerglly, one ar re_clients 12 may
hocess FRTEEAEE: off o fHe SPHEMIIRY B U é%éaé%ét? jfséﬁteg?ss_rof%é#faa Rt one or
nor e exgmphRt Yo @i"s&fv‘éﬁf&‘s%ciﬁi@&ﬁr(b.ggguleg-tHavsaﬂi)sfff}Sfe@bﬁﬂedatﬁrésHél@i (e?%%,efofror a user
to input queries, reviewresults, receive information and alerts and so on.
Server stppahdoniidane gnteRsipgnesneioiddSuahyulonmapbe vead withkin ypeskcab poimbaput er

devi ces, havin e.d., . a processing uni y. (wWhi ch. may Jincl yde | ogic
o " sof i dryafresets sGeBl 2 ES Moo sRr IEDUREE BT A

her ei n)patiaMcht@ibgREMuUNi cation interface, as well as other conventional
conput er conponents (e.g., input device(s), such as a keyboard/ keypad
and/ or nmouse, output device, such as display). For exanple, clients 12 may

i ncl udd082@je sk viys cxample: eremplayspressapiriede noghEng er Yeingasegehias a
handhel ' e, R - enabl ed . hone,
ona  neor R IO BRI FRBLY R PRAE, oM RAAN SEANANGwoSHREL PRUCS S

sui t abl(eawelnorumit)datwem ARd ard @atiest atirdutes NEbmexaknple} theseomipuas-tasédychhicAlr ea
Network, (LAN) or the Internet. Cients 12 and server 10 may comrunj cate, in
part ordefgﬁl%i*?BPlé‘?“ ws&%«?@raﬁwre@sw&rﬁﬁ & REmmoeanpfidne %fﬁverﬁeélgeg _

Et her nelyend BEFo802AEd bRd W bEJ B3R terBnelad&cldtiofs arftdstblideafld Yo u&RMmmngat i on
between clients 12 and server 10 may include or comrunicate with various
ser ver sxguple, the aasarkitions aevappliediolpatientsletavierg,, patetitaatessaeiatecawdh the | ke.

[ 0030] .Server 10 generally includes |ogi.c (e.g., http web server |ogic) or
o pr odPamiar PaeRany ey b ET el ol ot ar M Bo b aeE i apeShs br

ot her sAdeGaBer. Hlaén@tmﬂelxeﬁmé,_esggtemfs Qhd prReRB! Ak pABritiAns &8LEs REricklent s 12,
preferably in the format described herein. For exanple, server 10 may

f or mat ferin ahamcoticabdug dabgls| i eerponie tp @mseres guerapigPeotidedonmuni cat e and
cause the display of an interface to clients 12, data related to objects

for dijgg?ﬂdmft IR e fasa KiifhefBY 1 nclude a search interface and

di spl a ow f'or di splayl ng objects,

[0028] Initially, and with reference to Figure 1, an exemplary environment in which
certain aspects and examples of the user interfaces, apparatuses, and processes described are
provided. Generally, one or more clients 12 may access a server 10, which includes or
accesses logic for performing one or more exemplary processes described, e.g., providing an
interface for a user to input queries, review results, receive information and alerts and so on.
Server 10 and clients 12 may include any one of various types of computer devices, having,
e.g., a processing unit, a memory (which may include logic or software for carrying out some
or all of the functions described herein), and a communication interface, as well as other
conventional computer components (e.g., input device(s), such as a keyboard/keypad and/or
mouse, output device, such as display). For example, clients 12 may include a desktop
computer, laptop computer, mobile device such as a handheld computing device, mobile

phone, web-enabled phone, smart phone, and the like.



for exanple), links to additional information and/or content related to the
obj ects, the additional content and/or information itself, and the like. To
this end,weepwenr4@® nmay utilize various web data interf&cCe/useehnsmaes such
as Conmon Gat evvay I nt erface (CGI) protocol and associ ated applications (or
"scripts” "serv s" e., Java(r) applications running on a web
server )[00%9& tﬁbem? ke al@‘bseﬁYf‘ééQﬁ’ﬂaSi GAYPRHEE ST BndP RSetBRDIE CORFRNIGAEBH ¢l i ent s

12. The,s é’e%rwalQnet%JohP%'%H Jg&‘ssactb&‘?%a%ﬁg%rk (LAIQ%%Q%‘&E@% k(glﬁ%'ltsaﬁ ual l'y

conprise plural conputers, Vi ces, ases, associ at devi ces,
and t henbdiskeer tdmay nomatunwgte( wi pagdorandvhote, warxeirds&)oralanﬂmm«iper ating to

perform sonme .or. all of t fun SCI i ed h LN rver 10 may

f ur t her®oPHRYcALiogs: sﬁwtﬁﬁ@?%?é\#ﬁga%gi%ﬁ’ﬁf €8PV 31 elbded“ Y1 servers),
mobi | e e%ﬁ{rﬂlﬁﬁéytloﬁ%giv@eeﬁ%héﬁﬁﬁ 32 aﬁ@%ﬂé}%l ﬂl&'}elncﬁlggélll:orﬁhﬁﬁﬁlla%'é wiePribages
comuni cated to clients 12 may include various text and nmedi a objects such

as artisehvess sudbeumpnilseryghaonasle sarydi, onddid sesyeryindghe fiké.es, and the |ike.
Additionally, the content may include sel ecti ons or links to further

cont ent essi bl he i.nterf nd e Vi c Vi a
ool | cAPI° SRR RO AL 08, B0 P L BT R Lo N R Belg o e
or acceasfrd dadgaddeysed rfrohermmedryem@@mitaedbhsea@c egst uecdwf Ghth @Ad SonktentVfor a

presented web page may conformto any suitable data format including
var i ouspr?ﬁ@ataaom &Wf%ofsc@éws as meferably iefe fqr@a@descybﬁtilerqmﬁpr SXARRS (e.g.,

MPEG, '%\éfver 'ﬂ) )fom?Jt d%ql'ng/og Geddss a Mpgl or%f@) c{apaQ)gs?e] to mﬂﬁﬁncﬁ)&aﬁml e, server

g
10 i ncl udes or gommm cates wt (% processi ng 1iog| c for processi ng data
(e.qg., cAks thadisphayiofah ir&eﬂfaciebutbm)ts hhaﬂatiixslawdeoiobgcasfsmm;ﬁhy within @uch

asassoci atjon rules, as described | ow. Processi | ogi.c 11 may. further
i ncl udénﬁeb%?ec (vyhigh w3y, dicsiernsalg élﬁF%ce&n &ivp %{twagwéowﬁplwe&r) ity sear ch

queri esfoﬁ&ganﬂﬁé)oﬁhlésttg‘Jdéh%f?z{lqﬁf‘okrﬁ&horﬁﬁﬁ/&'c@ﬂﬂeﬁﬁ/ﬂef&%drtgStlﬁ’é &lﬁecgéistﬁéj on user
i nput. For exanple, server 10 may include one or nore application servers

conf i gwadéddional qon@éangiﬂwr iafeaimetierc tisedl, sind thadike. Apphis ead.isorvsr &g magukilias
provi de r.el at

dat C or s nd r ion to and
P om o B e ol R gt B RAET gaf P e Gl AL BRYGrel e
rel at edindatqcia@kl @‘Ifahéat%g] (Mfe‘l@cmge J5QE |Btvieth 0@33}av|a® Shpavdttbnbeud@ied t hat
al t hough t he exeng) ary nethods and systens descri bed herein describe use of

a separaitewelesarer). i theddeab asesertyisfosmatisroandyeedive mpngfremciions 12udbei ons,
ot her s%Pv%%’WEa”tﬁléuﬁPé‘ésgrﬂ?e% HeTRh SBRLEILRY. S1LPL NG LG RRE BRI G oRbuters,

programm
dev1ces databases, associated backend devices, and the like, communicating (wired and/or

wireless) and cooperating to perform some or all of the functions described herein. Server 10
may further include or communicate with account servers (e.g., email servers), mobile

servers, media servers, and the like.

[0031] Further, web pages communicated to clients 12 may include various text and media
objects such as articles, documents, photos, audio files, video files, and the like.
Additionally, the content may include selections or links to further content accessible by the
interface and associated user device, e.g., via Application Programming Interfaces (APIs),
web pages, and the like stored or accessed locally or remotely. Content accessible by clients
12 via a presented web page may conform to any suitable data format including various
media formats such as still image (e.g., JPEG, TIFF), video (e.g., MPEG, AVI, Flash), or
audio (e.g., MP3, OGQG).

[0032] In one example, server 10 includes or communicates with processing logic 11 for

processing data (e.g., AEs and patient attributes) and discovering associations, such as



t hat operates to cause the described functions on a single device or any
conbi nation of nultiple devices as a matter of design choice so |long as the
functi onawvOt2g10deswsi bed is performed. Al though not depi ecedseonoob®3fi gures,
server 10 and dat abase system 18 generally include such art recognized
conponents_as are ordinarily found in server systens, including, but not

li m t edspasiatiopdples s ﬁ%%CfM/gelprf%qeé%R& logitalyinay durther nstusle loge & at ed

storag [Ke nF . i . i . : i C y be
el adad R Ui A qn AR for L e R ARl B o5
Fi gur e aadididpleyingateadtsédbanat @ ket aiphediaeeapbler servardilcady iaslsds sment msgppor t
system 20 for car rﬁéi ng .out va]gqgu%g%r ogesses dﬁscri bed herein. ﬁi m | ar
exenpl APPLGANGR SEIV S SOBEHER {0 pRICPREANG FReCyiss MBEGARRNCRES @R e g PCT

pat ent 2Rkt &Atb@BatNCodEGHSIRBH084 A Bothbt &S nfagBA HRANA 28m cRORS 2t i t] ed
Aut omat ed Ontol ogy Generation Systém and Method," and U. S. patent

appl i canddn stoer toadndNetriey2 f1H88 a5 Gbafe dystdmPelatadataja, 2BjecB@09 webmrge | ed,
"Medi cal ﬁsgessm&nt Support System and Method, " both of which are

i ncor porat€d herein in their entirety. [0035] Exenplary system 20 may
include: (a) a user interface 22 that facilitates comuni cati ons between

syst em[8033ndit3hodl 8€ ho@alitiat QlthQRATILE exRghplayinteh@ls9ae spdi@fs wdsthbal user, (b)
a data interface 24 that facilitates comruni cations between system 20 and
one or I¥iFiRdessiiPe s ¢ffa GaMECoE Veh Ayt drithiasn syskraRs foF BerfiEdNg Bari®Byi ce a query
that a I . i (c) a
or oceast Ralon A MRl ek Ce T bEMAtEMEL bl W rE He JoRl ik Fifo gamnhe

i nf or nethatapescasic esust chebdesaivedfoh@tbns on hasRtndGyidemranysemnboagoyosubm tt ed

over the user interface 22 and provides the results of the search or
sear chdBulfigleidsyicgs ay a gouer qj?@flgﬁ AeQirs splong os thedupgtiopgldy dF?ﬁ”z?Pg fce 22 may

conpr i SRr@mild. V&IthAfbh ot Gepictdd Wele $RUME! sel 221 0lafd agtaﬁigk%ygémqsrg@m}m@! ng
with a'client Web browser-enabl ed elfectronic or conputing device that is

associ andddenuch ag regenized khemebrmty aynire owhinacidyfnwini my satesri sy gems Hatludivpyver 28

is capable of co nicatin ' include, .but are.not |limted to, personal
oo dt Fos T g o R ANL R QRS HOERY, nidlvall GivhR pisoflaled 1004 28 Socar
Server (R81iRE. OMirfiRS, thd@eseHb@Munbi HWRHE 108i¢ Maf beiifdblRY iRboféwdrel iirdhat,

contains fields that are |inked to a Data Base Managenent System via Cache

Server fpayese.(ccsppbinafontiigeaofexanpl es, non- Cache-based |inks, interfaces,
DBMS may be used. Server 28 and client browser nmaintain a one-to-one

associ eﬁ)b?ﬂ tf‘&hre 2 illustrates a more detailed exemplary medical assessment support system
20 for carrying out various processes described herein. Similar exemplary medical
assessment and DSSs are described in co-pending PCT patent application No.
PCT/US2008/054778, filed February 22, 2008, titled Automated Ontology Generation
System and Method,” and U.S. patent application serial No. 12/438,530, filed February 23,
2009, entitled, “Medical Assessment Support System and Method,” both of which are

incorporated herein in their entirety.

[0035] Exemplary system 20 may include: (a) a user interface 22 that facilitates
communications between system 20 and an electronic or computing device associated with a
user, (b) a data interface 24 that facilitates communications between system 20 and one or
more sources of data or information that are used to service a query that a user communicates
to system 20 over the user interface 22, and (c) a processing engine 26 that causes one or
more searches of data or information sources to be conducted in response to a user query
submitted over the user interface 22 and provides the results of the search or searches to the

user over user interface 22.



may include, but is not limted to, the followng: (1) a drug information
entry field(s); (2) a nedical device entry field(s); (3) a procedure entry
field(s);w0aproan4@sl nent (e.g., condition or synptom i RCOMUSAMI008198Nt Iy
field(s); (5) a data source information entry field(s); (6) patient

denogr thi ¢ data entry fields (age, gender, etc.): and 73' an Adverse Event
i nf or maDPIH eHpsrynterfagediZsnay empiised) WEves P8 ¢-8-nk @D s&F VRt st ab <t or ed
intern [ : :

R R A B e s L S

t ype ofassefatel wghaukd. dierlacirontioonsmpitity devecee thaeareeri’Xar sapabkecoft 0 be

conduct ed over a network i de-areqa or .| ocal -area) other.than the Wb.
Server 8RHycangvi n&l&ﬂ%@u&a@fno&ﬁm%r%aeﬁsa@alﬁp utgks. BPavt #sheell or

conput i fignélemhCRe t4Ablel of rASSREh W atb¥ividl. ZcHREDS8 BRA iR R R nPHrollsd:

i
messaging, a nessaging standard that is widely used in the healthcare
i ndust rwyith 8displey 0P 8 fomythobcantiapt Belds thasup pioked wtdlPata fess Myinagenpnot ocol s

el ¢ neaPBT NRGSEP) PR R i en B3t g e R B o

server YBMY @ayBbuldOWsler POk asht BROWIE mBRin a BAVWEY Bfie adsbeibtitaikhg: be
appreci ated that server 28 can conprise multiple servers, each with one or

nmor e popdysincludedny isurns finitgd éo.fthe ollpwing ¢ Dad do2 dfappitina catiy disid iy (Dtdegr at i on

sol uti [: 0k - - ) - p r.28 directly
ccess TRt SruBeurrablUR & PSRk BRty HOMMNAT I BFT e 8" PRluR

pr oces siyagtanginfematon ditey fieldispnd) ntegrairtomfe@atioh @ntry fitkl(§) e p3@entay
accept queries that are_in accordance with rel ati onal _dat abase or

obj ect -BPIBHPEY it BBRSEIHT GEBESNAST HEy: WdrpieAdYHe Frnéiiaeeitisn SRy be
capabl &idds]. AR Grd HALOMRbmIALARRRE NGRS Akatk bk It hafDRGy o JDBC

pr ot oco Q-type queries and transmtting responses in an SQL format.
The i ntsgsttma®BMSal Is shadpbbhpprafiatee ¢t sarvgy 2§wan ibe sefiasd or suppldivhtedC++, VB,

SOAP, .NET, etc. and. transm ing responses.in the appropriate. fornat.
Pt o AR s The R s Dl el S s Sl e o irt R PRI BE acor s i
desi r edondit8e P dr bt Rk Piviie€2 & (51ql)@élja%§bth@f ‘_ch‘aﬁjtl?é:Weﬁ.r KeRLES C%\ﬁ&%ﬂ@se

queries can be realized by basing the processingengine 26 on ( E, which
i s prothggepablapie¢dmyentating with a gleethdrac of cangpiggideying thahes gesastasesbwvitipon
which a query is.ba ﬁf“ It shoul d be apprecjated that .any other systemthat
'S b ot bR OReRRYT BEHE” ST BT e g BeeeRer et FRlob aye P e iR ol o,
syst emhQltfaeyindesryl Bered TEuMyCHRE ddapteWitd fuppotiSer Bessh OB RCoR @t arnd an
HL7 port that are each associated wth server 26 and the customintegration
present in the healthcare industry or are adopted by the healthcare industry in the future.
Server 28 is illustrated as a single server with a web browser port and an HL7 port; however,
it should be appreciated that server 28 can comprise multiple servers, each with one or more

ports.

[0037] User interface 22 may also comprise a custom integration solution interface 30 that
allows a user to bypass server 28 and directly access the database management system or
systems associated with the processing engine 26. The custom integration solution interface
30 may accept queries that are in accordance with relational database or object-oriented
database protocols. For example, the interface 30 may be capable of receiving relational
database queries that utilize ODBC or JDBC protocols for SQL-type queries and transmitting
responses in an SQL format. The interface is also capable of receiving queries based on
JAVA, C++, VB, SOAP, .NET, etc. and transmitting responses in the appropriate format.
Interface 30 can further be adapted to integrate with other protocols if desired. The ability to

process relational or object-oriented database queries can be realized by basing the processing

10



solution interface 30. It should be appreciated that system 20 can be
adapted to enploy a subset of these various interfaces for comunicating
wi th an ewecbroonimeor conputing devi ce associ ated w t h &Cuamseo1o0/srysher ,
system 20 can be adapted to enpl oy other interfaces for conmunicating with
an electronic or _conmputing device associated with a user that are now

avai | atﬂnémér%r?él}p?‘ﬁ%né’hf tip PEOterobHelligeni I aaflagable gbepening thegpipiosel ng
refere - Fi . i i WL s for
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sour cesntelligenegoudd sleo baethpldgedri vate, proprietary, or public data sources,
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build r e dat apases that ar art of the. pracessing engine 26. In
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insert (PPI) data}gggarnaceutlcal coqfany medi cal information (M) letters,
4

whi t e papios iftade Whyhould bavppadciated diat gatea 2y tssadapipd daemployenom ¢
and/ or sla{)gett %f) {Hege \g ?’fo%s in%e':r@&leeforf%ghl Olfnlic%%ng Oli%ra?lre?e@tr%n% o@%yna Qlt’in device
drug-response S|nﬁ1at|on systens, etc., a &ZFECEIVE Phe res ong%s %O any

such r egsesdted wiRhasérREthag eystdn D6 cappabd Htedfto ehphsdthér in@riaegyest s and
receives responses to one or nore data sources that provide a subset of the
not ed tSPPERUBEAtiRgVEIGH §lefteanieadricOmPUtiag devieh wpcided yithjagusgr Wat ¥apayl e of

bei ng qgg@&§90%§%§gfgggggﬁﬂﬁgyﬁgggmﬁm%'receive responses to one or nore

data sources t rent types of data fromthe noted types of
data or information. In the illustrated exanple, data interface 24 is a
back- ed@03dmhihcahiiomng dferchecte Rigaite 2 dpontesfaceal4 b wsedimjtomsmamaquestsat i on
protocol s .including H.7, XM, JDBC .gDBC and others. Data interface 24 may
have t H& SR PT FNOPTEiaR Fhdaie satresuRifD d s RICATE cammirqia] dats sopkens PUiBYUs es

i nt er nafjsoCh@sde plivHE s RiciRy PR8N TBE0&s, 931 Reckift Qath R i IPBMRRMIfRIH Y and
efficiently. The DBVMS stores the data in a variety of different ways

( obj ectthesespuiceothal is utibraskto bard poe ovmheer databasesdhat agubarkplythe prsosstha o
rel ational ect_ quer Wth,continui

n 1ne%rr§ggrt1) jthl&gxa mipye’!d%§ 'in%gfgéé() i 1s used O nsmf Irgﬁ.lerstesftg l&lgtgggur%:%satggtgur e 2,

(w3
processi Ag engl ne Incl u a) an applirc server

pr oces sesvie@bionthled Mafl &Fantded, PyardatificalWadkddeensear(Pel) &8, (b) a DBMS 34,
(c) an update processor 36 that updates one or nore databases naintai ned
bysyst etwappacgtticah sempanygnedigd dnfopngfion (Al fejters, whita papais 6106 g8ovendelsricahat ur al

| anguage, br.oc s8Rl Buad eocofild Sl dataAS L, IROAGRIRN SYSTSIN A0 LRt TS
capabl e 0f ‘causrng & sear or searches ftor advéerse events based upon a

user- SBRPLY, dRd-eoFiHsO Jlu@RioAlsy e e (8., adddeesv@ME responses to any such
requests. Data interface 24 is capable of transmitting requests and receives responses to one
or more data sources that provide a subset of the noted types of data or information. Data
interface 24 is also capable of being adapted to transmit requests and receive responses to one
or more data sources that provide different types of data from the noted types of data or
information. In the illustrated example, data interface 24 is a back-end communication
interface that supports various major communication protocols including HL.7, XML, JDBC,
ODBC and others. Data interface 24 may have the ability to communicate with disparate
external systems and uses internal class structure to parse and merge data into the DBMS
quickly and efficiently. The DBMS stores the data in a variety of different ways (object,

relational tables, and/or other) and can quickly respond to relational or object queries.

[0040] With continuing reference to Figure 2, processing engine 26 may include: (a) an
application server 32 that processes each query presented by a user via the server 28; (b) a

DBMS 34, (c) an update processor 36 that updates one or more databases maintained by

11



ot her substances, nedi cal device(s), procedure(s), patient denographics,
and ailnent(s), a search or searches based on user-specified AE(s), and at
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[ 0043] According to one aspect o e present invention cesses
eval uatthattgs gatssible nesyseim20. Alisthaithspated exdmplt { pro¢rssieg pngnd 26 deeninftiyi ng

meani ng a the data,are OVI de In npl e,
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i ncluding, for exanple, data derived from post-marketing drug safety

sur vei JeanceMLigter ¢@ﬁuﬂa@@amgng®g@5 thieadheiedo thehsQla.sho BIBAYSP eelstianal whi ch t he
| t.h | f AE d b t
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condi t iRBsSreaphsSHmet ons, and other factors of those patients (i.

[0041] It will be recognized that a computer-readable medium can be used to store (e.g.,
tangibly embody) one or more computer programs for performing any one of the described
processes by means of a computer. The computer program may be written, for example, in a
general-purpose programming language (e.g., Pascal, C, C++) or some specialized

application-specific language.
[0042] II. Association Discovery Processes.

[0043] According to one aspect of the present invention, processes for evaluating data,
including AEs and patient attributes, and identifying meaningful patterns within the data are
provided. In one example, associations or association rules are discovered through
application of an association rule discovery algorithm applied to one or more databases,
including, for example, data derived from post-marketing drug safety surveillance, user-
reported AEs, and the like. The associations to which the algorithm is applied relate specific

AEs experienced by patients to the unique combinations of medications, non-medication
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patient attributes and denographics). [0044] One exenpl ary data-m ning
nmet hod for discovering patterns of interest wwthin data is known as
"associ atworrorou2¢01di scovery" for di scovering associ ati ORETAIS2@AB®BNS

wi thin data, the discovered associations typically referred to as an
"association rule."” An association rule is an expression of the formX =>

Y, wheriBteregHansybagkgrqund ggadionsggsympton and edstiagtoroef thajeePatighs fisses t he
associ afiign & %teistln@dérﬁgéﬁﬁﬁ&é)()n contains all itenms in X then that
transaction also contalins a 'tems in Y. (Xis generally referred to as

t he body or antecedent, and Y is called the head or consequent of the

rul e.) [004HseOse exenmatyglaof mirtiegrmethiod dor ds@vsuins piterosf oftiteresewithih datal

possi bl.e i tens.  For.exanple. {fever ,headache} => {flu} states. that if the
"t emsots [FRVER “HetiAlER Y e by Y, ﬁrﬁéﬁffo‘(%raw;%ﬁocg%q{oaﬁ of eyt data
associ ahé RcetRSasd@atl B EyPRALT rOeHad €Al BCabRRIalbn HIANSAR hieBRHYNANE each
transaction itself is also an itenset; as an illustrative exanple, in a
mar ket ibas Represinal gfshestomob Fany. vereh Xtandns aistifeoresofreddhs the aweciztinit a

cust o e el Pe@ &R %j ) as-ggc%t‘gq%l tilXt.’ if %1 Prgns%@‘;[i& ?gntaal’nfp £1ff?érﬁsrqn%hé‘ﬁ 3 #rgr%'éjlgtﬁ)rr]ld s of
possi bl'e it ens and possibl'y mTlrions of tTransacti ons. way o

denonstal&t dodfhinsCONisdntiein Y.NEX & depkR1Ie xavRt Etoiahebddyeors@tecedenpagivbise it ens
is / ={beer, chips, pizza, wine} and the transaction dat abase contain only

four t raHehteilens ostRawFAvCAt ofdhe Bila) ItralFte ate sety fitsastwiieh psrsabrserf[thn45]
Associ at.j r I:5COV ' i ffdl nt. i tes

rul es ?s treg&nfhtllh%%g}lb rle%%é%{df%%ﬁn@ et {gége?gg%cﬁgg@ 71 é%tgtg% ﬁlg?ﬂﬁ%e\%&ggegupport

gr eat er{fteahealaghajan traephar iterhdet ¢8tplsdrueTHie asqopatibn inded dre Idaregifesray of how
of ten thﬁ itenset occurs ﬁs a?@trjbset of .a transaction across transactions
(ref er rEUCEEA HAPLCUABHERYS A RIS 1T e V1 ARTHEBIF Lo an dipaagye

trans a@xh&?legﬁi 2Ras&t bAREt KXRIR|PobiéReEIh tGRLRE N CGAMESitém! IHIES cutdtal) T hat
its support is 2/4 = 0.5. Association rules of interest are those exceedi ng
a conf imedwecd Hiypsdadlly dthe Thie of e pirdldem centains thdusands-ot pyssilde reasanded by t he

support (X. /Jsupport (X).. This can viewed as th robabj it hat Y

ol e grosRhEREY bebiibiigrkmiBey Y o Sniirs ol oty e BBl aipl ¢ e

conf i depgge theSEPHYdksibiERRETs,i§ N=PSocWichik) piStp RO} (dnB R relih@fon)databdse?5/ 0. 5 =
0.5. Thus, the probability that if soneone buys beer and chips they also
buy wi rfenfagn onlg fousrtrapeazionodweln indebledi- ngl y, the association rul es
general ly describe and identify frequent co occurrences in sets of data;

for exanple, which itenms frequently occur together. This can be viewed as

the probability that if, for exanplg..a.Fatient-type A takes Drugs B and C
and has a —

{beer, chips, wina}

{boer, chipg}

{pizza, wine}

{chips, pizza}

Tafde 1 — Transaction Database

[0045] Association rule discovery identifies frequent item sets and generates rules from
them. Frequent itemsets are those itemsets that have a support greater than a given support
threshold. The support is the frequency of how often the itemset occurs as a subset of a
transaction across transactions (referred to as its support) normalized by dividing by the size
of transaction database. For example, {beer, chips} occurs 2 times, such that its support is
2/4 =0.5. Association rules of interest are those exceeding a confidence threshold. The
confidence of rule X =>Y is measured by the support(X U Y)/support(X). This can be
viewed as the probability that Y holds given X holds. For example, for rule: {beer,chips} =>
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background of heart disease E, they devel op ADR type F (whether the
relationship is causal or not; in other words, the process identifies

pot ent i alwoanroel2aitbons and not necessarily causal assocraTiusesp/03{99047] To
select interesting or neaningful rules fromthe set of all possible rules,
constraints on various neasures of significance and interest can be used.

For examphel. thegipatifencst 5 syrpprt (hBset4BIPFMARS YRR EEISST- eiPOn ={LipPoP = GAd
confid , S ] r i f ; i

T ansach st PRIGHIMARALE e e b bbb SR B AP 5 Bice of a
rule is defined as the percentage of transactions for which the rule is

cor r ect[0040]g. Acamdipglyi thetassasfatioheulps gdyebyillyi degcritleandtidemtifyifrequest correct . I n

les, th t dni ni strat or. d trol
over ¢ NECDRTEENE s T FEh bR SR EmPRoNFie RS T3HeN BrooP Rt EBB e Bind. may
adj ust \ifiged /RS PRIGESIlIHPHhA if FOMEX aAH1 &l @FPati8k-typO BASikesbrugBUnE Ddpkad t hat

various algorithms for generating association rules are contenplated, and

i ncl udeackgroung ef heart disepsetladheyodevalopi PR tyfrech avhethm dharictadigasitip Pataveal n
growth (FPrgr out.n %vbrcfgnglé %}(;CE'SSQH&?&HC%' %teggleclg}re%%ciggsr LW e iddi by onall v,

ot her types of assocratron m ning ar &°¢0n enplated, 1nc ugfng, %.g.,

cont r asdss@itiohgar ni ng, K-optinmal pattern discovery, and m ning frequent
sequences. [0049] Accordingly, in one exanple, exenplary algorithns for

di scovering associ ations (such as the association rule djscovery algorithns

descr i H887Icaho e pppicaing & rasnaddulenfomlieisein! ad RyssiPIaERSS dat abases,
cormer clofl s Bh ORAORIALXuARLRAGRERan@NMld $Re 2k calBR B Y RERGRSSOCT AL} ONS

may be ¢ ed or validated against predeterm ned threshol support,
conf i deograiandiayringlndemesnumghesboldaod supped aoy canfidedice avherefuwpperio€aor

clinical, degision support systemin.a varie of s. In one exanple, the
or oces Ju s/ Tedan e § Pl SE BEPAF i Bind® BlerdRetrt M YEORHR RELCTAIAN er
doct or oafderRalbl §RGIS id dbfel biBleYpeFRARGE oPfraRBRIM if& whits KR ruld088tedn one
illustrative exanple, an association rule discovery process includes two

phases:e.g)arf ¢stidiategofah¢ pfobekjlibnthatsthd se & afrety UgsomErkapplss, (B syxjem

satisfying th i ven supportthreshal d.. where D <z 4 i.s.a subset of drugs
and x raEiiaPinih SARRAIARE BhRy REIE drsTouts 4o Pofh S8 ne

associ aintn iftedesisn MBiscd e Agust MRdhfesnrid fieof dwithsfdegigetent sets for which
p(X\D) (confidence) is high enough. [0051] An Apriori nethod may be used

for i de[B})éilg]yi Ir‘]cgshgli’lg %g %Q‘Eed itﬁa? r\]fqarsioel}ssa’lgovr\lihdim%? fo%egrf]:relflz’rgtlirllgyassociation rules are
contemplated, and include, but are not limited to, Apriori, Eclat, and Frequent Pattern growth
(FP-growth), one-attribute-rule (OneR) algorithms. Additionally, other types of association
mining are contemplated, including, e.g., contrast set learning, K-optimal pattern discovery,

and mining frequent sequences.

[0049] Accordingly, in one example, exemplary algorithms for discovering associations
(such as the association rule discovery algorithms described) can be applied to database
information, e.g., AERS databases, commercial or proprietary databases, and so on. The
discovered associations may be checked or validated against predetermined thresholds for
support, confidence, and/or interestingness, and used by a medical reference or clinical
decision support system in a variety of ways. In one example, the processes may identify
new associations between drugs and AEs, and alert doctors and patients in a timely manner of

potential risks.

[0050] In one illustrative example, an association rule discovery process includes two

phases: 1) finding all frequent subsets of Drugs, Effects (D, X), satisfying the given support
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i ncl udes scanni ng a dat abase of itensets, each including a nunber of itens,
and identifying frequent itens. The nethod can generate candi dates for
frequent woenmetgoiby t aki ng the frequent itens together PCh/tské10pa®si bl e
pairs. The dat abase can then be scanned to determ ne the frequency of each
candi date pair. Once frequent pairs have been identifie candi dates for

f requeﬁhreﬁwﬁs\@l@ege Rgch 154 typset deugsrareX sdaks W &éh@ﬁ%@éﬁflwngém ng each
freque n

genar ars Baion sOUSRRE I LSRR Bl sAIfh P JE Rt R o0F TERERRSEET 4

The nmetthoehcap(¥ilhceadideha) at higkkyough. i denti fy frequent patterns of any

| engt h. [0052] I n anot her iIIustrative exanple a nndification of the above

proces sed. al | i e Je usi ng .l ow val ues of
S por TOPTH: ofn Siifirianibig Ry b iod @r MR L Beviebhie ot Binebie T

avoi d tihé1gddsl s%ﬁlrhﬂfg £Adaebdsk BNitéh RS, eddh 1ﬁ¥ﬁﬁﬁ|g3arﬂhnﬂfe@6?ﬁ§m§n%ﬁd i’defnf:ifﬁﬁ’g et he
first step of the above algorlthn1mﬁth the second one for relatively snal

t r ansadtdoppntgtenss. Theenqtigdeangsaeiale eadidpies éurrf@qa@lédterrn@ré pedeng thg f or
differ %ne ugrfltflfeﬁ‘%sstb exher ﬂl ébsrg le W!ﬁ'r C hrr%tabgsepc %ﬁiélncbe sca ne'&%”%&enﬁl
tr ansac{ qO I' e ana t aneous alt—l Ilﬁ

ef f ect ,thXfrequney bf euds caﬂdldaﬁepaﬁaf Ohé@ft&@ﬁ‘lht pAIss h-E@/é(béent 1haﬁufﬁefdn&aaﬂdmatel§| S
effect; and 2. Probability distribution px of drugs fromthese

t r ansader BrauentsemIcte FAC High Hiresgitene garibe gsrrared by takingeagl fiseienbpaip dr ugs
in the f n ) r | cul ate
U pr Dan T AREREshEpon by b, b neftBickn ShiBPedidfuad RpARByoF, 1

vect or Jengfhé fitont it@ppetsioXlength Mhilc H'he sneahqiiecas preceod itemdedly a eytiyf a random
varlable can be deflned by the follow ng expression: H X ) =- pX {D

)\ ogpx [f48u§nt PapRImp 658 10BN t he probability is uniforniy distributed,
there is the nost uncertainty about the outcone, i.e., the entropy is the
hi ghest[00$2) t hean@tRefRande MARRIL Q%ﬁ@ﬁ@u@%ﬁﬂ@ aBbepcSk g heRisedabi | ity
dlstrlbutlon function, then the variable is Iikely to fall wthin a snal
set of Iomaﬂmmtes noted thawhdn@emgé@\mvyluamf Stumeoréﬂterwwn@rceone@ual rm@ama@li ngI Y,
In one orithm S exe(r:]l%?[r)l;zocees'fo X rgu‘hqesl eolrn rg‘(pu 1 qlme an e emsl LN I‘8C a

ent r opy %ncrease ; TIRIPRY Found " oS EAER0F A PHE ??e ?s
(e.g., asfediatd the fﬁrsft@féptohﬁleﬁfbﬁ)eélhlg?ﬂth\m Hith tesebbit SRePoL Rl dthRY: snidlen t o

transaction sets. The rules search can be generated independently for different effects, X ,

J =1,m, which may help reduce the number of transactions that are analyzed
simultaneously. For example, for each effect, X ; »one finds:
1. Set of transactions 7'(X ;) that contain this effect; and

2. Probability distribution p, of drugs from these transactions:

Consider drug frequency df (Di ,T(X )) - the number of D, drugs in the set of

transactions7'(X) . Forevery drug D, e T(X ;) we can calculate its probability:

df (D, T(X )

D)= .
A WO TE S

The probability distribution can the be taken as the vector

px, =(p(D.), p(D; )..... p(D,)).
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the second effect, and so on), can be conbined into one final set of rules.
Note that it is not necessary to generate all possible association rules
bet ween iwormslon4dlhe dat abase. For exanpl e, assume that pagaseé1ad™al r ul es
have been found for the set of effects Xl ,X2,..., Xk . If the process or
system runs out of conputational capabili t| es (perfor mance time, nmenory
usage, et @ )ThetHdropy 9 - HlijehdeasieasyEg ehungertgingholzn wadem veFiablprsen be
|nterest| ng and useful rules will likely be found based on the descri bed
entropy or detefingd by dogallowingsnpressieipl e, the information about drug subsets
may be stored using binom al trees. Advantages of such a representation nmay
i nclude transformn the %gbas hnto a conpact tree structure and

avoi di ng cos{{l(gfj?jat eféfe %3 é’Xa candi date generations (of course, as

wi || be understood By those of skill in the art, various other data
structures may be used). In this particular exanple, a binomal tree of
order KO00%B], Wheh theopbbdRility is hlefqmé:edBkibutqdaﬂletfeisd@fﬂnnedlne@taﬁmy labewss: | f

k=0, Bk,- BO {. I. h f or i.sts of a

si ngl ekth%alimﬁe’ lﬁl’ ti%%ﬁnmﬁkf 13 ?‘ﬁth @G“Brpﬂhe Oﬁlfr %? da%"i e qH%WV tree

of or dejkewe®poBamIlityS@Stribli€or RAttidR, ﬂfbﬂdh&véﬂarbm @kel%l!@ifdlﬁ@ﬁhmao&maﬁlset , Bk_
[ 0055] The root of Bk has k children where the ith child is a binom al

tree ofof@pifemek.-so thEecgigiatoind the eRFPRyLAEE Kty udeeprdingly, by Wrﬁxallnpl% e of

or der K CCaen br? C%nsltr lIJI t gefffec? 1 € tOrfeet% Ofl OIredeer )5 trl 11%%: géln
attachupﬁ& Sn% Yt Reti'at I UG OTEROR inf Psn t AEHS tree
propert ncIu The hino re order «.contains 2k
nodes. fof eac el g}h foe%étsé Eaﬁtl f:a%r%r)lrtrlllearPf Cre)}e1 9 der k™M ehtrﬂp Y- e nunber

of nodege ?ﬁtcoh@gﬁéct' anldo %lﬁ) .cah BE cHiBREH ﬁ{to toﬁ@ﬁnﬁfsep(gfqgfes kNowhghE R ot k

is (k given by the binomal coefficient 056] Using the definition and
pr oper tieesssafy thigamamtalkll posatde aasosletlom)fulcbs bmmfall iteqmsaie shedatatiase.cF@at ed wit h

R A T LA o S L
into the. bi d ding to thei
bostt1 ORHRPSdsS b s €y Rt e SR rbay s e Oeﬁﬁf%%ﬁ%éﬂ'fﬁ nsact i on
by drugishd?, efc.)bihe Piot@sWABE teas@NHyELINBUACa iR EHe At intREdtBERAAAAfOl fukg one

effect. In this case, the process provides a conpact data structure that
will likely be found based on the described entropy ordering.
[0054] In one example, the information about drug subsets may be stored using binomial
trees. Advantages of such a representation may include transforming the database into a
compact tree structure and avoiding costly database scans and candidate generations (of

course, as will be understood by those of skill in the art, various other data structures may be

used). In this particular example, a binomial tree of order k > 0, with root R is the tree B, ,

may be defined as follows:

If k=0, B, = B, ={R}. That is, the binomial tree of order zero consists of a single node, R.

If k>0, B, ={R.B,.B,....,B,_; }. Thatis, the binomial tree of order k>0 comprises the root
R, and k binomial subtrees, B, B, ,..., B,_,.
[0055] The root of B, has k children where the i™ child is a binomial tree of order k-i.

Because of its unique structure, a binomial tree of order k can be constructed from two trees
of order k-1 trivially by attaching one of them as an outermost child of the other one.

Binomial tree properties generally include:
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contains information about drug frequencies and corresponding effects. In
addi tion, each subset nay correspond with the only path fromthe root of
t he tree woaow/icesver sa, thereby providing a one-to-onePCe&ltsé1003193p

bet ween drugs subsets and tree paths. [0057] Using the anti-nonotony
property, that is, for each set y e / and each subset f <=y , the

f ol | owi ngThe hineméalttree f prdgek, Bupgeotaing 2) nedesupport (Y) . In other words,

and in On?héﬁ 6¥Btfmh§MBHﬂﬂ%eE%Y8ka§1@@ itemset cannot exceed the
ﬁlﬂlﬁUﬁ]SUB level’ of any of its subsets such that addlng an¥ iteminto

the itenséfc BER ‘rréﬁidwé‘?ﬁ%ﬂwltWeBdéB?B@@@lalﬁreﬁwéqueé&a@hrésf Ug¥ i Tt Bppeari ng.
Any subset of frequent itens nusti\oe frequent as well, and no frequent

i temset cah@nhEMud@n@myﬂFQ@ﬁﬁa%q;%h are not frequent t hensel ves in the

dat abase. This allows the exenpl\ary process to prune tree branches in which
i ndexed08%6]noUeis 2 dreededmiti dnemd pineprer tae sprt ddeiinktcbesd etrafbigopd tieed endie.

[ 0058] Acco n.this exanple, the associatjion rules.di very

b oces i Sk f3péledap A atfoe&ﬂfp wgor&@f@}l %&%%Wﬁpﬂas 8gkn?{§9<f 311 owi ng

al gorithm or process: ate a set | abe bi n es t hat
cont ai W%SWV&WB%M% |Uianéﬁcaane %&h}a g 92 m}o tePripmiay ¢ a
drugs fromT(X ) in increnment order of IDs_ (or. any other order of drugs);

vefsedlc - atsidndye Py insthe Aedesiagerrdime to theipasitiog b thedrnagctiop dwherepor

exanple a transacti Qn of the le K with the For

Cr ancachPLtoezs BT epetmsaeionanes 2 SatY poeirgine) B0 apiyarehs fbu

| abel i n@iregRRitslae di‘l@@?féctOfIn 8 cdskeBe PRocbiSrbEYEs 4 orhhiRt BARLwrh@YRIthatassi gn
drug IDs to the nodes according to their position in the transaction, i.e.,

j -, Dcpntainggsiogmpimen mgdnu@sﬁeguertcnf@ agdichespanding effeets. hIID?iddﬂthél Brcbhi | d

sites if they are not entifi ers, - drugs
That - arte) Ao Jiha pABNS Rul Boir B8R Aol LRk oS B Do Tott bt ur e The
sane preedditee dneftotone rélhtidrdhpbeblecnaitt sdsub@l@indﬂ@&q&thsd =2, . . .,k-1,
get the | abeled binom al tree of order i For exanple in an exanpl e
i ncludi ng_three transactions: Tl= D1,D D4 , 12= D4 and T3= D3,D4 ) ,

where DVEFH dbsigs the antiymonagony propeisy ihagiis, fprecash ﬁ%r'/’ﬁ’(e%@ ¢achiekiet i ons can

be r eprg Scel,gt, ﬁl% fgﬁg\gmn%tslta eanllflz { i t?'ué ls!l}gjpsotrtr @ 5 E:'\dsui)lg]or hg)u In oﬁler words, and in one

example, the support level of an itemset cannot exceed the minimum support level of any of
its subsets such that adding any item into the itemset can lead only to the decrease in the
frequency of it appearing. Any subset of frequent items must be frequent as well, and no
frequent itemset can include any items which are not frequent themselves in the database.
This allows the exemplary process to prune tree branches in which indexes of nodes are

smaller than a predefined minimum support level.

[0058] Accordingly, in this example, the association rules discovery process for a fixed

effect X, can be determined according to the following algorithm or process:

1. Create a set of labeled binomial trees that contains information about all drug sets

included inT'(X ;).

L.1. Sort all drugs from 7'(X ;) in increment order of IDs (or any other order of drugs);

1.2. Map all transactions into the set of labeled binomial trees. For example, map a

transaction of the length k with the tree B, . For each transaction 7, T(X i ), label

the tree as follows:
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1.3. The process may further conbine trees that correspond to one effect.
For exanple, assigning an index to the nodes which are equal to the nunber
of trees wWo2otwielwishe correspondi ng path that ends in tReTgiSe@En/ 08de

exi sts. For the above nentioned exanple shown in Figure 3A, the tree wll
| ook as shown in Figure 3B. The process may then exam ne only such sets of
drugs D, for whiedf:stays pisheptdpbelingypport where transaction frequency
LECDT0) is then el the BISGPIH RS btn k) 1LV aGORLAIDsE uRet D
and 1Tl is the total nunber o transact?ons i tthe déatsagase.g gs For each
accept abl e D figdesuéchrdinghoteir pohidopimbesancackse. D, (D, , TOXY); >
confidence -tf (D, T) for calculating tf(D, T) a DrudgsTransactions table
can be used. 3. JRilanghss (PRI TheXANbREYfof AH SHAND, T sieds 1 Ahee ol
above, formrul es 1%9{@)(&1% whi cﬂleare a 'dfeod %{Eri:lto t‘ﬂe ’ff‘l'rnalmsse% of o no
"interesting" Les.[0059]..1t..shoul § be regcogni z hat .t he ry
processes deslgp‘l%iﬁcg eth%S(rgle%%ﬁd?ntélrﬁegss%foéhdf ‘i"olfsfk r%?'l Ss{%gtr éere?? }hﬁsr%%'hgﬁ?r\g@hgnd
nodi fications o Ehe 2(00 sses, as well as different processes, may be
used. [0060] hPo9%Polidihg Al erts/Information Based on Di scovered

Associ ations. [0061] Figure 4A jllustrates an exenplary process for
processing a dafa%%%%tw Y PYRCBIETRR 1207 Hrs?edagfsﬁéﬁmq%@ﬂgenaﬂﬁaeﬁr veinegesal ert s

or informatiop _te a’ku_spr%égfthﬁallagag& Bﬁ’l'onﬁaﬁftﬁé%%ﬁie%,ﬁ' i ni cal deci sion
[

system Further, Figur€ 2B ustrates a schematic’iflustration of
detecting a significant association between an AE and a patient attribute
and providing an alert; for exanple, where AEs and patient attributes are
accessddrieranpleaniangsameleotdudiog sireotrgnsactibnsaih Hd, uBed,f o Tsedn, . &®,cPjni c' s
dat abase of patient records for potential risks that match AE search
criteriaad T,6462]DAcodedi Ry ateadrngre i exléhplt abipomiad tressior thedatrabaseorsfcadEs and
patient attribute data (e.g., AERS data, proprietary data, etc.) is
accessdy rapresmed schemeticalp e lustieted it Bighse3day i ncl ude one or nore

dat abases of information, including, but not limted to, safety data,

bi omarker data, clinical trial data, |ab test data, genom c data, genetic

data, conusr Thaprooessphapiurt@tiedonidad RecSahkteosespdAd tGoneodtfeCs ERor eRa@ple, Fi gur e
2). Further, the accessed database may include plural database systens and
be partial | y25ienitot Pdeeioohenedss vriciie el §p theynumber of trees in which the

corresponding path that ends in the given node exists. For the above mentioned

example shown in Figure 3A, the tree will look as shown in Figure 3B.

The process may then examine only such sets of drugs D, for which:

if (D,T(X)) 2 support-|T|

where transaction frequency #(D,7(X)) is the number of transactions in 7(X) that contain the

set D, and |71 is the total number of transactions in the database.

2. For each acceptable D from “1.” above, the process checks:
tf (D, T(X))=confidence-tf (D,T)

for calculating #f{D,T) a DrugsTransactions table can be used.

3. Drug sets which satisfy conditions from *“1.” and “2.” above, form rules D — X , which

are added into the final set of “interesting” rules.
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perform ng the process. [0063] The data is processed at 304, for exanple,
via an algorithmfor identifying patterns or associations between clinical
attri but esoabiopiasiients (e.g., between drug(s), nedical @eviuse¢i®)p31961i ni cal
procedure(s), conditions, synptons, denographic data, etc.) and AEs. In one

exanpl e theoﬁrocess i ncl udes an_associ ation rul e discovery process, as
descri BB ol should be srerenipsd Bakths exqraplaryeerssestdessitbed hesin {9i ch can t hen

be, ut 114288k e TRl Akl SRERBRIBUGLAT Ble PROLA Arowl denftent o or

notifications, or present safety Information. ormati on based on
or obt giroedseshmeyghipsddne processi ng of 304 can be comruni cated to a user at
306. In one exanple, new or updated association rules that exceed a

th h Tuni cat ed. t ient i f. , includ
L e SERIA BRSSO, ! 1m0

comuni cated as an alert via an enmail, text nessage, page, phone call,

webpagq0peHt | Pigur®R-istes $a@Remplall froddys a&SR6¢eatifgl a dsRbade i ifbAfRion
included within a news bulletin or publication, or the |ike.[0065] In one
exanpl €0or asseciai@neng Pyovpding alsss prindoraratien ihapes of AaqdiabreieiensProbt ai ned

from tngfyl c?ec%r %l ﬂrﬁ%ﬁ?ﬁg@%ﬂﬁ‘ﬁ%ﬁﬁ%ﬁ%h@ grﬁfs gﬁﬂﬁgﬁ tofgagﬁeﬁggglzor

generates a report "or spec icu atrents

exanpl ejgnfic@nagbcitfisiabeatdeasapaband apatieltatttibitehed pavipdingan algai fuist a
clinic's patient database to assist in ongoing or future nmedical decisions
(e.g., FempleeMhererabEcindpatiepfatisigpics AtescgesSprbtramyasruy feglofe lorpfiiia@neéxanpl e,
the sy -al.er { I

ass00] S o o R B P e A ons mmy
be nmadecpehicottirieal |y, e.g., weekly with known or newly discovered

associ ations. In sone exanples, when a new association is discovered, and

sati sfi hreshol ds, the association c be u t o, process.patient data
ond a1 APIeHN REARUNE ro e xEPRRELPRSS FaRe s R Ea bt BB RERE Wihner - he
compar i(é%ﬂ ABRS 858, propridiey@ata bRJ iOMice¥d hh®02S &Fo¢ @kampIBENHE Hht@b\ése ey a
conbi nation thereof. ?006%] In other exanples, users may submt criteria of

par t i cuhelpdeagre orrgorpalefabeies af inferouties, iaplddingclaitvet imiéted b, befsedlagh t he
Criter 'b%‘mall'il%r &8 rctéi_ icggt¥iag§%£é§§b§§%stg&aa§g§n&n§fé’ drg.gag g§1%e§c i(aStTaac,son“?\f\&%ﬁfl giions are

known or di SCovere nformatiron or alerts

of any pAgsidiapdataadures,assd 06 baled, st Righie Q). Xrirthet,Be a@bised Hatabaspatdyent s
havi ng condition Y. |In another exanE;e, a user na§%ask for information or
al ert s iBflugdgplusd daiapase susteins prdbuRArslo Weolbgrmeka todhe PIREFEAY havi ng

condit%gﬂbﬁhﬁ&nﬁéﬁééggjation bei ng one that |ies above a

[0063] The data is processed at 304, for example, via an algorithm for identifying patterns
or associations between clinical attributes of patients (e.g., between drug(s), medical
device(s), clinical procedure(s), conditions, symptoms, demographic data, etc.) and AEs. In
one example, the process includes an association rule discovery process, as described above,
to identify one or more association rules, which can then be utilized by a medical reference

system or DSS to provide alerts or notifications, or present safety information.

[0064] Information based on, or obtained through, the processing of 304 can be
communicated to a user at 306. In one example, new or updated association rules that exceed
a threshold may be communicated to a client in a number of ways, including daily, weekly,
monthly, and so on. Further, the information can be communicated as an alert via an email,
text message, page, phone call, webpage posting, pop-up message within an associated user

interface, included within a news bulletin or publication, or the like.
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specified or default threshold or thresholds (which nmay be adjusted by the
user or adm nistrator of the systen). [0067] IV. Displaying and

Prioriti zaWogordieerise Drug Event Search Results. [0068] ARCpaiSattooBrosnar e
medi cal reference systemor DSS can be used to enable users to search
through drug labels to find ADRs that a particular prescribed drug nay be
associ dP8ePlwi trprecxpeale; hesremplayy preggss fyrgher Graparamedaformationehteiaed

practi td j : i B o) j e
i S A R e S A S el

r anki ngpexifipnlearfot patitulanpagiegont 4 Hin Fa edanplena new bhepdataieassafiationsulet s
retrieved from drH% |.abel i]}“amd res%lnt ed to the doctor or. other healthcare

provi déPN REKPRGSH 2ABRS {F " PRUSOGTAEPIERS 358K RRgONR oF THTHE YU i t hm has

a bui | taelRiRVRE ENESerP fheldlific & pAMANS &t redtiAf ALTRTH Bk L@ PIE iRDsykfegm dr ug
| abel s in the course of processing that ADR query. The degree to which ADR
i nf or mehayosend entekeirtted user eagingabmivspotertiad Absasspraated adithtaypaginttand known

seriouspess_and.freguency of. that ADR in the post-marketing.world (i.e.,
Phe SarafufRanbd SOl iy Wiphdt A DA RRRL B SEL M Rhan ok 5
denogr aRRil¢ alstoyedall 4shRGatioat | BNdonROxdhpldsOWhéh@hewassodaeh istdifdoerell] dhdcal
trial upon which the drug's approval was based)depends on many factors,

i ncl udisatsiieathresheldre higasesiciatinp lsas be usrdriel Rresgssiptieeiglatainsraera e ey
th | . f | .
o oot e RniaIn PSR SnldPse, SRR oS 10 U pb AR o P B b Gis}

Awar eness bpthet daever,ahevidmeerafcodibifagive tiergifeces of drug | abel -derived safety
i nformation, and appropriate ranking of their inportance, my be inproved

by con ing anal ysis of ADR reports collected after_a drug has been
|aunch3§5¢@r gt RP eSS SRR SHtBHY S RN @dgéﬁsmﬂttr utes

represepl tefvelfle® Bhiond the RAtd AN ThHe AUSH: rﬁayl HKIREd &r?é‘iﬂpr'ie‘%\'z re?_@ft.is Bfas I N a
| ar ger geographic area, and from a broader "assortnment "of patient types than

ar e r epsesatoesialgknohve os diseoyerédhf lorreatinple, ¢ oser aayedk ifor iafodmaigor] atxdérts Thi s
is true whe drug .has just been approved based_.on.an anal ysis.of &he
bene | (4 SN A SR e SurEtecn BRE PVEF soRReor Pragits B e SRk cau
trial ugedother cxaRPlOakerdhay Mitfolindemabibh of hleits oPAED adsbtigied it @UgIX #n0 | ess
extent, even after a drug has been on the market for an extended period of

tinme. Ithe eenterdiof patdaants kaving eoaditipncy.ithe eapciDR hawioenrethptdies shgvare
crypticall.y n riefl t hone nt | Qn ei ng unconmon
if a dr eg&?ﬁ%%éﬁa&eﬁ%gt %B‘Jtsxglleaeorrl?%B%lé)?%gwlrhgccrﬂerﬂﬁ @gae %slﬁég%lg) tglgru g § Oléct real -worl d
exper i edegsistritat ofstigg@sémm hi gher priority may need to be placed on that

[0067] IV. Displaying and Prioritizing Adverse Drug Event Search Results.

[0068] A point-of-care medical reference system or DSS can be used to enable users to
search through drug labels to find ADRs that a particular prescribed drug may be associated
with (causally or not). This feature enables the medical practitioner to make more informed
decisions as to which drug may be contributing to an observed ADR or ADRs. The use of a
pre-specified ranking or prioritization algorithm to determine the order of results retrieved
from drug labels and presented to the doctor or other healthcare provider making an ADR
query through a DSS presumes that the algorithm has a built-in awareness of the relevance of
information retrieved from drug labels in the course of processing that ADR query. The
degree to which ADR information contained in drug labels reflects the reality of the
seriousness and frequency of that ADR in the post-marketing world (i.e., the safety
experience of that drug outside of the relatively small and demographically defined patient

population that was used in the clinical trial upon which the drug’s approval was based)
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information. The benefits of an Al-based systemthat nakes use of

real -worl d, post marketing safety surveillance-derived ADR reports and

t hei r asswoizateed4diact ors nmay provide an ability to brin@Crius2aloe3®arf ace
that ADR information from pharnmaceutical drug | abels that otherw se m ght
be presented with |less inportance or relevance anong a list of results
retri eviSBeds MdBPYaorse ingHIANSR Aigup Vlealpso@ﬁmphsaﬁr@aﬁé%%h& regAdoY equl at ory

agenci ea.%eﬁcﬁ@st thgﬁgél@ésebﬁtglﬁ’s%r&netﬂe AE%R‘%Q§ @rLa:( ggl al ébpgre 848 BY, reﬁ@cdt'cﬁgtll es

practitioners countrywide in an SSIVE resour ¢e t hat
coul d be tusedact@s adidie @rstrmankotied Wodénce to a DSS drug | abel search feature,
in that information discovered in an AERS data set could be used to weight

the re of the dr es to ensure adver i nteractions
wht ch aP6De; g oftEet ot e SR rnc P B e Shite RLABR e BT he o cal

r ef er engR NS E Ah®hpPSFrids Binkindhiha@ni¥er@hcARRyasSRptA8 by Wohdudpagt | cul ar
drugs are belgg‘ heavily reported in the field, then this information may be

of val w@akyélSto L saports 9@11Q§te|deqfteh@dmgﬂt9a|’oeerp}a9mh@é forgpmrneisiabserSpel t hat
AE or rlc’?AB@gr gn}t% %Jntegaz reyl)rgse?l eegfearg)rugrry %%%g{sfg%i ?ng rstgmﬁéa%af)r ocess,

a user |npu 19" e i ent has

experi greied, 1ntah@rgaiegho<gaatgm:ru&eaaradd nohr MBdhdatak it 6f pidhi §PSs thhh Arewhi ch a
patient is being treate t he background conditions and synptons for which
a pat i dRPrefetasEnHge el BEPMatioeFonGHnsckint g fabslit BYS ISAFg Whan ddipg has

deanraﬁﬁﬂﬁéﬁgﬁﬁgﬂgn%@xhhréL§%B§Q§§Whgggwﬁyg%quggggg%¥&§®6§%g§?&?ysearches

hr ough one or 'nore drug at abases ata
ef f i cacynallntgistretidnarinical triaheseldi feeappaonchl pf elaodndgrlmt tithe akke skt dthoeglr iceved
fromthe databases or regentatlon to the_ user esponse, . the

syst em ESFXEQL SN aheen o8 theymaikghios A eﬁtﬁnﬁlﬁwﬂﬂgﬁf HaCafmgithert o pe
per f or ek LRnicARNLhdk A@@fnrf&nfaﬁoﬁ% b%%%ﬁﬁic@lﬁf&aﬁéﬁ%hl? bmﬂﬁﬁmm&ﬂe@n&r

characteristics,” and the systemapplies artificial intelligence technol ogy,
e.g., aseuvoned a&)lvmmgmm:omrs@mf@rdyug)}abdd@s @8t beeo upheedRRenht alvagk ta wildétscover
associ ati.on | es .and/ derive htln fact or e used to alter
e T adkingor S B Mo s Gl Bt Briah AL R o e BBel S Ger i vea ADR
i nf or mahfPMatin. dBld BRERE of @n WIHaSedfysteRethRl BSIRR S ¥Ble8M o@Dl | N one
exanpl e, identified associations or aSSOCIatIOH rul es can be used as

corrponémrketmg sadty v pidlanegcdasived YRR repoets suhihed aﬁwcwéqdef@ﬁ‘ﬁorﬁenaxherow@gm t ude
of i ”p%%tabﬂﬁ % B cd el BgLd: N nlgat%Dlibgorqnzﬁiso%%o gﬁé‘nn%‘ée %%P&rag s th ved

fromdrug el s i Tesponse t erence
syst em @herWSS. migh gy Iﬁeﬁantddl wigh Te@d @Spotance or relevance among a list of results

retrieved in response to an ADR query.

[0070] Some nations have regulatory agencies that collate reported AEs observed in the
field by medical practitioners countrywide in an AERS. This can be a massive resource that
could be used to add extra intelligence to a DSS drug label search feature, in that information
discovered in an AERS data set could be used to weight the results of the drug label searches
to ensure those adverse interactions which are being reported on in the field are more visible
to the medical reference system or DSS user. When an AE or AEs associated with particular
drugs are being heavily reported in the field, then this information may be of value to the

doctor or other healthcare provider who has observed that AE or AEs in a patient.

[0071] In one exemplary search and display process, a user inputs a query that may identify
one or more ADRs that a patient has experienced, the medications and non-medication
interventions with which a patient is being treated, the background conditions and symptoms

for which a patient is being treated, other patient attributes, and patient demographic
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exenpl ary process wherein upon choosing an option to apply artificial
intelligence to the algorithmthat determ nes the order of presentation of
results, wbeousedolal | ows an associ ation rul e discovery aCgarszeloostodl be run
t hrough a dat abase of ADR reports to determ ne a mathematical "weight" to
be assigned to a factor $X), in which the factor may reflect changes in ADR
f r equerBiPTHAI YR INgEPRBLS thedygfeBeraysesoBe & BRERseatrhpathi e ongoimoss flivg of

drug c i i i i ASSOCH afiil e.discovery
can be ApLrabRES b A e Sy of BIRES) blfa 8RR TSI In PGyt
addi t i achaleswkd ghiavad fibactho dstabaéeafin prsentatiomfd the ngee. Algy; irorespanzatthon or
ranking algorithm All, sonme, or no weightin ctors can be added into
cal cul a¥FRg HES98g b Blor RRRMENNSOYP TS B B AL AR oS PERPBRTY zat i on
scor e ijgedtIP Aot o ADIEORSRMMEME Y sindildr Beticht thEaQES8Ics OndlRSHstesn deri ved
froma drug | abel to be presented to the doctor or other user of the

pr esentapglist atdiemkintedligenec wER e, ¢.2.. Associadiog ntle depcbety orasesses, Yo thend Z

derived o) he Al,.technol ogy. of _Assogciati.on Rule Di.scovery are applied to
o ter  UNQRAIRRS SO S FRAR Eiaf kS SRR e i RS i ply B R

| abel - dehitvede AR riidBitizabni stodehdtIRbeds h&w sl 1abélfdeliRed ADESENt system
such as healthcare professionals. [0073] In another exanple, rules

i ncl udilnProamher isweliyhed s dhespreseat sfean.appl i ed to the re-ranking
algorithm and that are al so derived from appl yi ng association rule

di Scovﬁgbh%]? ﬁlc%te@’cgﬁﬁﬁ ft’ifenfgtli:'é:d RIS AL io???%gc&%h@&lcﬂg%e%mes in the

frequency reports teflate 0 any speci ; changes 1 n the types of
ADRs, amndiponerAsft asigbtingafaetbrwihbhbharanymsagpedco d¢tednioo theimadnitode of impadi cat i ons,

non- medi cati on interventjons, backgr oungtﬁcondi tions anﬂs rﬁ)_toms; ot her
pat i entM3{e Y Difr ALCT OTAARGEN Gy Wett FRHEv S s ?‘_{ﬂ Bdpgogse o
associ aledpi duBryaRYdSREH £ nedifHSefebdRE 4 sté of BISK! FighRMKiNGrREs an

prioritization process rmay Include a variety of known processes. For
exanpl exempkry prkessgviereipupor chdozagiaowps o feappinattiéiciak sitgfhguchyo thepr e

determ ned. prioritization algorithm associate Lth a co ter-based ADR
quer - 1o g ndslef Hines e detat PSR RERRDS it s FfP B b Fiog BRES

det er m QR dit@verydSorPhimdd 5O havthRfuchRafibadead AR QéoRtsit®@Betd@hinygd from
pharmaceutical drug | abels that will be Eqr)esent ed to the user nmaking the

query. Fhematical exelght de he swned tanthckan.np vardetbs sacsorfmay igslectichargesi i | ar

medi cal. ment n%sg e g cri$ g’ i.n. co-. n%iﬂn g,CT at ent

appl | cdP PO RoUvet PLESBB) 5y 4EE f Mg RIS ShTRgbod AP T eq

Aut omate@ehbinitioh O fyanieXieR aétt Oh Syisti@imaandialibt hoediscarely ¢dnSe dpatiedio

application serial No. 12/438,530, filed February 23,
additional data sources (AERS or not) to derive additional weighting factors (Y and Z) to
influence a prioritization or ranking algorithm. All, some, or no weighting factors can be
added into calculating the degree to which a pre-determined ranking or prioritization score is
impacted and consequently, affects the order of results derived from a drug label to be
presented to the doctor or other user of the present system making the ADR query. Any
weighting factors X, Y, and Z derived from the Al technology of Association Rule Discovery

are applied to alter the ranking or prioritization score that impacts how drug label-derived

ADR information is delivered to users of the present system such as healthcare professionals.

[0073] In another example, rules including other weighting factors that are applied to the
re-ranking algorithm, and that are also derived from applying association rule discovery to a
database of AEs associations, may include changes in the frequency of reports related to any
specified AEs; changes in the types of ADRs, and/or AEs associated with any specified

combination of medications, non-medication interventions, background conditions and
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2009, entitled, "Medical Assessnent Support System and Met hod," both of

whi ch are incorporated by reference herein in their entirety. [0075]

Fi gures ow@Roidl2usEbr at e exenpl ary screenshots of a user PCmiuSediams193howi ng
how t he exenpl ary association and wei ghting process is applied to the
re-ranking of results retrieved fromdrug |abels in response to an ADR
query rAEPIBYS; QUEE ARYGE AtEDHEH PESEINSFIN ANY RRGeN; §@m0grﬁt>h}r~‘ s pesogeier at ed
by the,ﬁﬂﬁgﬁpggcﬁgug@;carrles out the present process and which is executed
on a conput or conputing device by a processor. The user interface itself
is displayed on a conputer screen coupled to the processor and interacted
wi th vi[@0]kesbaatial ranidng ef pueigizatiev preesundy iaslude rvasey ofkeownf t war e (set
of conputer in truct| ns i s. coded .i n.any convent ona ut er | anguage

and st a8 S RAAbING CRBHBY (7460 ST YT i ?ﬁsélgﬂi‘F‘gEg%’Ber as a

CO”DUtQk&ﬂﬁﬁﬁﬁ%ﬂbﬁh@ﬁuﬁ&ﬂ<ﬁﬁQﬁﬁ&mEﬁ%xﬁ®ﬁ@ﬁb@h@dwﬂ@&%ﬁ@ﬁﬂkqﬁmﬁﬁﬁnﬁ%ﬂgrtS may
be resident in nmenory in % hat sane conputer or nay be resident on a renote

conput enedieal W@fﬁrea@fc%s@mowésainédhqs l&@@rﬁ caedetomiing therprdgy of IdesplamtérAQR
AcCessi PR ﬁ%a%atg &le%g fr% kh ageu% lyd H’B&%v&é&g gre%gﬁtec{] &

conventl onal ase access EC ni ques S rver at abase

may be rﬁmlﬁ%mera}aerybwutrtmer &ﬁéfﬁpl@fygs@b]ﬂch&hd edhklg OESMR fbhade i arsrrm@& out the
present method or by another organi zation such as a government
or gani ZBedie assepyesy and D8 armdpsemkedria gairsndiag £61Tt Ragee apRItcatipe Nor esent

met hod pyep) n I t S
dlSC|OSUF€b?8g®y 5 73u$§52k8€§3§%¥§P§§t%%déggﬂg'%?gﬂggggh%§ﬁ%?k%f an

i nt er f ystehoandeMetiod Siging @a8 chatant hp@idadon seral Poi 2/436,538 fidedISBripag @8, ADR
query. ln this ex vari ous condi |ons ations, and AEs
are se|?é)5?efamﬂﬁﬁc|%@% AS PSRN THRAPIH wstmnﬁ*@"%é@ﬁbmmgw Yhd gender of
t he paHh&ﬂbm%&ﬁb?GEékﬁﬁer&ﬁnhQ&n§&ﬁﬁ&9 request. In other exanples,

addi tional, fewer, or other AEs, other patient attributes, and/or

denngraphlc data na Egg be entered for use in the search request. [0078]
Fi gur e [9073]] uElquaQ 1hﬂh@s¢f@tnm<anylasscs'ce@mshmat ofof useninderfaseishewinglhawvettie t o t he

ADR " El evated LET ted fromthe tical dru associ at ed
i th ciseplig oarad ARk ERy SIS PR A e B g Rl

r equestfr@ndaredbedNinflegponte & an| ADRI @lehymaa&@y §ﬁ@dlﬁlba1’é@$¢ﬂs§s$orﬁf EThieLsdreved
fromthe drug | abels % s illustrated on the left for drugs AA B, and Cwth
the r ellé\%fﬁ?e is @snarated Ry @l SofAREIWHISE CaTTie) OBhdE ATespitayesest #1d Waich it er f ace on

the ri %QECutécpon a computer or computing device by a processor. The user interface itself is
displayed on a computer screen coupled to the processor and interacted with via a keyboard
and selector device such as a mouse. The software (set of computer instructions) is coded in
any conventional computer language and stored in computer-readable memory coupled to the

processor as a computer program product.

[0076] The associated database of ADR reports may be resident in memory in that same
computer or may be resident on a remote computer server accessed via a computer network
such as the Internet. Accessing such a database either locally or remotely is routine using
conventional database access techniques such as MS SQL Server. The database may be
maintained by the same organization or person that carries out the present method or by
another organization such as a government organization. Moreover, coding the requisite
software for the present method would be routine to one skilled in the art in light of this

disclosure.
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this exanple, a reproduction of the actual drug |abel is shown in the
interface on the left, with relevant search results highlighted therein;
however, wochiudizspbay i s not necessary. [0079] Figure 8PCrusgtmwas®st an
exenpl ary screenshot of the extracted information that has been assigned a
rankin prioritization score using a pre-determ ned algorithm_For
exanpl 300%31 i Rieured ifsysics emaxaerlapaRraehgobpt gt ingirdace siepbiingasAthel ude or

be basg:?l)}&%glﬂe ﬁ%t%%ﬁh&%@fba&ﬁ%ﬁﬁt 'Iﬁ%}‘ﬁ?eia‘?n IQeva‘rAiQBs% dfciReci fied in

the qu e extracted ment s e presence or
absenceyolfptamy exedidatien gy andl Afs are selegte,d ihshidingdhe AE “Daagt™ Asdditienbntths

regul atory ndat ed neans haS| a bl ack box war ni ng
must bég§&P$ gi’ﬂf’éﬁ&% PAerd Ao Fyter ‘ﬁ) &’étﬁn%‘o%arc aﬁgﬁ%‘}eg? Igather ckaeplss-s. The

pri ori tiqaafonn f%err&rgﬂﬁé?g\ﬂss othbt pitfeh@dtB bR, M@f?orrﬂé:%%fapﬁfc data mARGKS, 1N
which nore "I'" marks illustrates greater inportance. In this exanple, the

r esul t sngared forjubd inghe sgaech teguast.ug type. [0080] Figure 9 illustrates an
exenpl ary screenshot of the extracted information derived fromthe drug

| ab .el S [pp' r E%gu% 7%ussg‘rsf%¥ 1? };?ré/ dscFee Sﬁl%l;: of 1%? 'rriatigl? ?élgtgg’ g)rt%e [ﬁg essi onal

maki ng query e resufts are now displayed in a

t op- doWE]@&/aeer IR SE@08d fildeh (e lpﬁﬁﬂnidcét&ldapd‘h‘ug Nabeddskdigated with Migcdi@s each
search result, and not grouped by drug I n sone. exanpl es, .a visua

i ndi cathsinesiakdn %}sthéﬁr%lﬁnmye%@en%e dhe %af éﬁﬂqeﬁsﬁnﬁ%d rKigure Helnifalya e
result. ‘fé DRl 6 £:0R! fe &Y 153%&0{%9?} QORe& %k MR b k&g AP Jr#dght

pane is* aye to a user; ino anples, Information exehplified in
both t r(émtenhcerelemadt Ieslgtstlngﬂjgetearthaerdms pxhchghepiayedlnybet inadrfaee orxt@midhes]n al |

informatjon exenplified.in he thre es e di spl aye [008 Figures 10
and 11 IISEGETP &t bregiEBS 9 88 ppancist BOGTs Shwhin Dot dchndnd ksfedt spl ay
of seangfyiRIU LS re sﬁl@@h@hﬁ%ﬁ&ﬂh@feﬁp 8y basafn %p@a@ 1%&%&:@5% YryPr OCESS
described herein. Figure 1 lustrates the display of search results

processed by ranking or prioritization algorlthn1me|ght|ng factors, derived
by Al f[ﬂ@?ﬁ]anFlgEF@& sl)lusarateﬁ@n exmplelt\/rﬁéreedﬁtoa()%@iauezseectebmﬂ@mtlplbddt hisove. | n
this particular earch.results.ran

priorit esi i3S Og_rlleti A rarﬁ}J ing or n% orjtization. 3core us1rég gre Ode\{\é':rrmned az%(ﬁ%ﬁ\e tFor

ance") scor consequ V"pr eSent ed at

t he botdxampRf af hﬁualesg@kﬂﬂﬁnwl’ameﬁgdr %@oﬁtfh@ub@ﬁ‘fay i dRoribe@adRipayeny, are
now identified as bei ng of hlghe evance and given a new ranki ng or

pri ori tdepsity erpogefaprt%relth torthe ermspegifigd indhe gyery g eAchwt thsrextgied had been

pr ese“tq‘?’ﬁl% Flt s}%gm?ﬁtfsttﬂg‘gpefseﬁc'ég‘o Esteﬂépgfjin{é)?§a vk Sulfc f’@{g?[;‘@'wﬁ@' © be much

nore re ry nma ecause S assoc ns w t what was
bei ng “must” statements), regulatory agency-mandated means of emphasis (e.g., a black box

warning must be surrounded by an actual black box), and/or other factors. The prioritization

(13 '77

or ranking is illustrated by the number of ““!

44'77

marks, in which more “!”” marks illustrates

greater importance. In this example, the results are still grouped by drug type.

[0080] Figure 9 illustrates an exemplary screenshot of the extracted information derived
from the drug labels ordered for display back to the user, e.g., healthcare professional,
making the ADR query. As illustrated, the results are now displayed in a top-down order
based on the prioritization or ranking assigned to each search result, and not grouped by drug
type. In some examples, a visual indicator such as color may be used to identify the drug
type of each result. In some examples, only the information exemplified in the right pane is
displayed to a user; in other examples, information exemplified in both the center and right
pane are displayed; in yet other examples, all information exemplified in the three panes are

displayed.
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experienced in the post-nmarketing environnment, i.e., the "real world." As a
result, it could be noved to and displayed at the top of the results

pr esent edwoaotoedaaser. OF course, in other exanples, vaPCous2610A881Tresults
may be noved up or down to re-rank or reprioritize the display of search
results, 2b3082] Accor di nﬂﬂ as seen in Figure 11, the first information
seen byl09 hegererckl andsFhilbsate FEFMPlaryRsireRotPion wakersd and ﬂéﬁr@ht. ally

i ncl udi o the
e S R i L R Kl

dat abadégene l(huhlustmtesethe ddphayroé neprdh whulegsoaissddi tgzrramklhg of pgoytaatiemt ' S

attribu rso nogr aphi cs to what s tated in the
drug |a%%clﬂ tﬁ‘ér a‘Ft%t é?rgveggé’ 1@4 gﬁ%@ﬁ‘dﬁﬁé)i Hdrot108 © ABYCoras

Associ %Ie'sé}{beﬁz%@véj Iﬁ%ﬁk’%ﬁﬁﬁcul‘aﬁe £, BXRARLEBRs aIREEWRR tﬁéalw%stsear ch results
may be reprioriti zed and |sp ayed to a user. For exanple, sone users may

r equestpripmitigateme(i.or “immpriohce”heconpsind pemseqmlyme@ﬁmeé at ﬂ\)hé)pé@m obtheer users

ont y " carelf LRGP vEREEHTHhe HRLLAT R RERAED R e B ove. 0"

those skiebhiRd ah glvRg adletv hitihg bepdbitzaBPRE@EE. alntthisitale, RYico®df fi cations
are possible in the exenplary enbodi nents w t hout mat eri a |y departing from

t he noveformageihihagladdiean apseirecaidbe bottam pStheagtared gesultroas detarpined taspect s
f
of enb % &trﬁ?r%'r@%k%ﬁ%’t@%%& H&dL %al]?s%? tpﬁgokﬂﬂé?ﬁs*\%% %@g{%}@f\@&%; to

forma ona ccor nmodi
i nt endedpédended imtbk pdadnamkétﬁngrbﬂvhenmemme pfhe t‘Fas worid EnAk @ e MHAT cdfdd GEAI MED
IS: 1. A conputer-inplemented nethod for providing information regardlng

associ af{l?\t?ﬁsto B¢ Wé@lﬁy‘%fb%tl thtorf the Ilﬁﬁi‘#@é)r%ﬁﬁateé (R thsuselp (& coysr Weothsfent s
(AEs), &Q&pge, Jhggug Qe!IlPth' ehfig &A}%&%%&J orRlg et%% Nehk MiBpribrt QPR er
at abase | nfor

processor, mat i conpri si ng AEs and one or nore patient
at t ri butigday afrscasboesults.i ons bet ween AEs and patient attributes; identifying
at | east one associati on between one or nore AEs and one or nore patient

o SR e 6 S SRR, AT ERT TRl Fesa e & o
professional is now based on factors, potentially including the seriousness of the ADR in the
after-market experience, the frequency of the ADR seen in the “real world,” reports from an
AERS database(s), an increased strength of association with the patient’s attributes and
personal demographics compared to what was stated in the drug label, and other factors, as
determined using the Al method of Association Rule Discovery. In other examples, more or
fewer search results may be reprioritized and displayed to a user. For example, some users
may request only one or two of the most relevant results, whereas other users may want to

display or access all available search results.

[0083] Although only certain exemplary embodiments have been described in detail above,
those skilled in the art will readily appreciate that many modifications are possible in the
exemplary embodiments without materially departing from the novel teachings and
advantages of this invention. For example, aspects of embodiments disclosed above can be
combined in other combinations to form additional embodiments. Accordingly, all such

modifications are intended to be included within the scope of this invention.
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2. The nethod of claim1l1l, wherein at |east one of the AEs conprises an
Adverse Drug Reaction (ADR). 3. The nethod of claim1l, wherein at |east one
of the AByOant/paitbent attributes conprises user-gener aPel/USeq@o/08®31
conprising AEs and patient attributes. 4. The nmethod of claim1l, wherein at
| east aone of the AEs and patient attributes conprises reported additional
safetywmgsgém% Wi th prescription drugs. 5. The nmethod of claiml,
wherein the at | east one association conprises an association rule
identified by an association rule discovery algorithm 6. The nethod of
claimb5, Whek eomputheimpiemsined chettondfor pesidngmfidrmiene eeghftiesisobdatiohs The

nmet hod of claimb5, wherein the threshold ¢ r.ses ort threshold. 8.
The nethod AETETRiRzSNt P ANROM ?Irfa?rFt%f{)VgFée§§V§Btéﬁé§§8 It %‘5 are
identified aéaqlpgirsglgrtggacqgg@r ding to an entropy val ue associ ated wth each
association rule. 9. The nethod of claim8, where a set of the plurality of
associ ati on rul es apwcewnimg ned qompute pigagsdor.ghatabafe infwmetion conpuwuhgs. 10.
The nethod of clajm 1, wherein tient .attributes conprise o or, nore of
drugs. medi cal advreatd Shigtince Bl ARl fop Bl ERe S RdtE: S
synptons and demggfigphitgibd@t:a. 11. The method of claim1, further
conprising causing a conmuni cation of an alert to the user based on the

i dentified associ at idsAtifyl atfepst ere dseerigfondicayepnone ofiereARs ahé o e t

conpri ses one or . i | ! : bpage. 13.
The et nod of ol Atepalin AUBIEL, shel i ineTR 1880 o REh AR TR0 L anst
one associ ati on tthreshaddtsadase of patient information associated with the
user, and the informatign is provided to the user based on the conparison.

14. A system for pr BAVHIRGIPHBHRAOASH WdhardPIG 0BG AL DRS et ween
patient attributes and one or nore Adverse Events (AEs), the system
conprising: a server conprising a processor operable to: process AEs and
one or noRe Petrmethod af ¢clainbUtveleréiont kesent af ilenSEbatmypens AEd dande Patg ent
attributes; ﬁe%gtrilgril IA\(D% | east one associ ati on between one or nore AEs and
one or

3. The method of claim 1, wherein at least one of the AEs and patient attributes
comprises user-generated reports comprising AEs and patient attributes.

4. The method of claim 1, wherein at least one of the AEs and patient attributes
comprises reported additional safety events associated with prescription drugs.

5. The method of claim 1, wherein the at least one association comprises an association
rule identified by an association rule discovery algorithm.

6. The method of claim 5, wherein the threshold comprises a confidence threshold.

7. The method of claim 5, wherein the threshold comprises a support threshold.

8. The method of claim 5, wherein a plurality of association rules are identified and
ordered according to an entropy value associated with each association rule.

9. The method of claim 8, where a set of the plurality of association rules are combined
into a final set of association rules.

10. The method of claim 1, wherein patient attributes comprise one or more of drugs,
medical devices, medical or clinical procedures, conditions, symptoms and
demographic data.

11. The method of claim 1, further comprising causing a communication of an alert to the
user based on the identified association.

12. The method of claim 11, wherein the alert comprises one or more of an email, text

message, or post on a webpage.
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nore patient attributes, wherein the at | east one association satisfies a

t hreshol d; and causing a comruni cation of infornmation based on the at | east
one assocwabthovi2é@méa client. 15. The system of cl ai m 14pCrRiuse@ion3toBe at

| east one association conprises an association rule identified by an

associ ation rule discovery aI%orlthn1 16. The system of claim 14, wherein

patient atdrinsuneBo¢ghslrinté fy bercs:rom%lis@g&r)nw@%mep@mﬁlee ALigast one
over -t he- Cot‘fl@&ﬁﬁatﬂgﬁ‘f@ﬁdaﬁﬁﬁsg%k LEORM RN o géofc?a@%d\%nh ﬁfé%'ép aHEFfil'eca'

devi ces, or clinical pfoce ures, conditions, synptons, and

deanraphlc1dﬁtmaud7mpﬁh&&xM@ﬁbmuﬁﬁbmkdmmnﬁmmmﬁmmmhmr conprising causing a
comuni cation of an alert to the user based on the identified association.
18. The systemof claim 14, further conprising conparing the identified at

| east One1@%@9%&%5ﬁﬁﬂx&@dﬁgqﬁ&ﬁaaﬁﬁnggmﬁﬁ@Hﬁﬂkuhﬂﬁ?ﬁ&ﬁkb?ﬁﬁﬁ%?9@&@&&@ Wi th
the user, and the information is provided to the user based on the

conpari son. allg.onAocm@pm{\éVerS@Ewbﬂ (e\@t),dhags@tmmmmmmgrprl si ng conput er
readabl e i nstructions i nf orgﬁtlon regardi ng associ ati ons

bet ween pati ent %P???“ﬁ?%gpgﬁ&lgﬂ EFF RoVRAGverse Events (AEs), the

instructions for: proggsssOAFARRd 8AkloOmBreqatibIa@ribalch editassdctatiohyt es for
associ ati ons between AEs and patient attributes;identifying at |east one

associ ati on bet weenb@ieeAEseneé pAERat afdbwWere or nore patient attributes,
wherein the at |east %S}tﬁgﬁp%'a&to st%?i%h&{ fg&?;e@n é&ro‘?ﬁg&]eqﬂsaaﬁg o%@‘éf' ng a
a

communi cation of info ase east one associ ation
client. 20. The conpivkepaticapstiaiilueessvherempetheadieawnnont asbantionlStistMdyer ei n t he
at | east one association conprises an association rule identified by an
association rule digﬁﬁﬁ@k¥ gorithm 21. The conputer readabl e storage

medi um of clai m 19, whgygh a@é'ﬁlhﬁlﬂ}caﬁ%& bf ﬁ%rﬁ%;i%%ﬁﬂeh%ﬁ (NG 1045t GRY € of

prescription drugs, over-the-counter drugs,
association to a client.

15. The system of claim 14, wherein the at least one association comprises an association
rule identified by an association rule discovery algorithm.

16. The system of claim 14, wherein patient attributes comprise one or more of
prescription drugs, over-the-counter drugs, herbal supplements, vitamins, foods,
medical devices, medical or clinical procedures, conditions, symptoms, and
demographic data.

17. The system of claim 14, further comprising causing a communication of an alert to
the user based on the identified association.

18. The system of claim 14, further comprising comparing the identified at least one
association to a database of patient information associated with the user, and the

information is provided to the user based on the comparison.

19. A computer-readable storage medium comprising computer readable instructions for
providing information regarding associations between patient attributes and one or
more Adverse Events (AEs), the instructions for:

processing AEs and one or more patient attributes for associations between

AESs and patient attributes;

27



suppl enments, vitam ns, foods, nedical devices, nedical or clinical
procedures, conditions, or synptons, and denographic data. 22. The

conput er -woadabi2eo1st or age medi um of claim 19, further ceeprisgény3®ausi ng a
comuni cation of an alert to the user based on the identified association.
23. The conputer-readabl e storage nedi um of claim 19, further conprising
conparing the ident idepalying atjlgaskencqsecciation et sedPne ST Bogatip 48@ 0% Ohat i ent

i nformation asSO%&%E}QtigﬂttaﬁriB&@s,%{;eaein%ﬁgat%gt Q¥ foﬁ@%tji iePLOVi ded to

t he user based on the conparison. . onput er 1 nplenmented nethod of
anal yzi ng adver sehgshigdieandnt s, conprising the acts of: accessing, via a

conput er processor, a conputer readable stora mepory storing records of
drug safety or effi C3HS{P&AGOGHABRIFHIPN b SFPﬁﬁgQF“ngé%e&t 849M6n of the

records based on @todfiRalo 9RBeati ent attribute; applying one or nore
association rules to the records, the association rules identified froma
dat abase of Adverse Events (AEs) and patient attributes; reordering the

records b on t he one re associ ation rules:.and displaying at | east
one ot -t nddrEegrat s a0Ruls Rt BRERTL SRR RS of kAR B o s or  arg
safety or Efdcsk&@d%ﬁénicBﬁwﬁEiB@tdn@@s&Mﬂ%irﬁl@ igndigied Bhah a5@EMEBA Sule dBcovBie Net hod
of claim25, wherein the ordering of the drug | abel segnents is based on

the density ¥dgordbcepts related to the Adverse Event search terminput in

the AE qu i I I oS ts. .27, T t hod of
claim 24, S\ll‘r/\}hyTeﬁregzl%gﬁﬂpﬁ!l F{‘% r%a?? E'lgfg {Og%‘%’g{s?%cﬁ%%{%ifﬁ%?lﬁc}g’s%g%@s%tl%t aattt]:l? gtﬁogfe server
vi a a conpute@mpnieé v & mae. of pagcriptidiodiugd, oeéathcddntef diup)@erbabnpri si ng t he
act of assigning a meight tg an association rule. 29, The nethod of claim

28, wher ei n SURRERENGNYITHAT (Rt eBedind deyicabtmeshica AclHiGh eI%EHd YRS rul e on the

reordering Q%n&%?n&%&9§ §?H§gmduyaﬂggﬁﬁgh£% claim 28, wherein the weight

represents one of seriousness of t type of adverse drug events, degree of
r el evance2®.cl'te quatpuemircadableiskange medifiimdifetpimaithfurdiei cmsprassocivaingak wi t h an
adverse drug event, recent han%$ in the frq&ygncy. _
communication of an alert to the user based on the 1dentified association.
23. The computer-readable storage medium of claim 19, further comprising comparing
the identified at least one association to a database of patient information associated

with the user, and the information is provided to the user based on the comparison.

24. A computer implemented method of analyzing adverse drug events, comprising the
acts of:
accessing, via a computer processor, a computer readable storage memory
storing records of drug safety or efficacy information;
ordering at least a portion of the records based on at least one patient attribute;
applying one or more association rules to the records, the association rules
identified from a database of Adverse Events (AEs) and patient attributes;
reordering the records based on the one or more association rules; and

displaying at least one of the records.

25. The method of claim 24, wherein the records of drug safety or efficacy information
comprise drug label segments.

26. The method of claim 25, wherein the ordering of the drug label segments is based on
the density of concepts related to the Adverse Event search term input in the AE

query that are found in the drug label segments.
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of adverse drug event reports associated with that drug, or other
characteristics of an adverse drug event. 31. A system for anal yzing
adver se dwogosviemils, the system conpri sing: a processor Poparsamio®3t9e1 access
a conputer readable storage nenory storing records of drug safety or
efficacy information; order at |least a portion of the records based on at

| east one patient attribute; apply one or nore association rules to the

records, bheraSsaal@bs a@n{ 2 %&Qﬁgﬁee'rafc'% ﬁfejac{cé%gﬁrggng?ra@s éé‘ssfﬂ Hoyelse Events

(AES) and patient attributes; reor bas he one or nore
associ at i on seoleesia aanthpugusetwdrk. di spl ay of at | east one of t he records.
32. A conputer-readabl e storage nedi um conpri sing conputer-readabl e
instructions for accessing a conputer readable storage nmenory storing

records obg deéQn&ﬁ&@Bf/clﬁﬁEn@éfffhﬁl?&)éomﬂfﬁhg@ﬁé R0 of YsBRHNOwdkhi B3K! @ portion
of the records based on at |east one patient attrlbute appl yi ng one or

nmor e associ atssagimtioplrels. t o the records, the association rules identified
from a database of Adverse Events (AEs) and patient attributes; reordering
t he records based on the one or nore association rules; and causing display

of at | eagy mRan&hod BECILBEDE, Asherein the weight influences the effect of the association

rule on the reordering of the records.

30. The method of claim 28, wherein the weight represents one of seriousness of the type
of adverse drug events, degree of relevance to a patient, similarity of drug
combinations associated with an adverse drug event, recent change in the frequency
of adverse drug event reports associated with that drug, or other characteristics of an

adverse drug event.

31. A system for analyzing adverse drug events, the system comprising:
a processor operable to:
access a computer readable storage memory storing records of drug safety
or efficacy information;
order at least a portion of the records based on at least one patient attribute;
apply one or more association rules to the records, the association rules
identified from a database of Adverse Events (AEs) and patient attributes;
reorder the records based on the one or more association rules; and

cause the display of at least one of the records.

32. A computer-readable storage medium comprising computer-readable instructions for
accessing a computer readable storage memory storing records of drug safety
or efficacy information;
ordering at least a portion of the records based on at least one patient attribute;
applying one or more association rules to the records, the association rules
identified from a database of Adverse Events (AEs) and patient attributes;
reordering the records based on the one or more association rules; and

causing display of at least one of the records.
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