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0.25 vs. 0.40 at 30 days (RR, 0.62; 95% Cl, 0.31-1.21; P =0.16) and 0.39 vs. 0.66 at 60
days (RR, 0.58; 95% ClI, 0.34—0.99; P = 0.045). Differences in composite outcomes at 60
days (exploratory endpoints) were also found. Of the total 124 drug therapy recommenda-
tions passed on to clinicians, 96 (77%) were followed. These findings should be verified with
additional prospective confirmatory studies involving real-world applications in larger popu-
lations to broaden acceptance in routine clinical practice.

Conclusions

Pharmacogenetic testing of polypharmacy patients aged 50 and older, supported by an
appropriate CDST, considerably reduced re-hospitalizations and ED visits at 60 days fol-
lowing enrollment resulting in potential health resource utilization savings and improved
healthcare.

Trial registration
ClinicalTrials.gov NCT02378220

Introduction

In 2013 Home HealthAgenciegHHAS) providedserviceso about3.5million Medicareben-
eficiariesand Medicarespentabout$18billion on homehealthservice$l]. Most patients
receivinghomehealthcareareelderly takemultiple medicationsand experiencgoor com-
pliancedueto anumberof issuesprimarily adverselrug eventdADES).This oftenleadsto
emergencylepartment(ED) visits,re-hospitalizationsand decreaseduality of life. With
trendstowardbundling of post-inpatientservicespenaltiesor readmissionsandintegration
into AccountableCareOrganizationsthereisincreasednterestin hospitalsco-managingr
evenacquiringhomehealthproviders.Thereis hopethatinnovativemedicalmanagementan
improveoutcomesandreducecosts.
Medication-relate¢problemsaredefinedascircumstancesluring drug treatmentthat actu-
ally or potentiallyinterferewith optimal careoutcomed?2]. Theyarecommonamongpoly-
pharmacypatientstaking multiple medicationsand cancauseadversealrug reactiong ADRS),
whichareadversarug event§ ADEs)at normal dosedor approvedusesFor examplerou-
tinely prescribedosychiatricmedicationsareacommoncauseof ADR-driven ED visits[3].
Pharmacogeneticariationalsoleadso ADRs,including singledrug-genenteractions(DGIs)
andcumulativedrug-drug-gendnteractions(DDGIs). More than 85%of patientshavesignifi-
cantgeneticvariationin the cytochromeP-450(CYP450)geneghat metabolizehe majority
of themostcommonlyprescribednedicationg4, 5]. Geneticvarianceamongpatientswho
areabnormalmetabolizereompoundshe potentialrisk for ADRsandoftenresultsin
decreasedfficacy[6, 7]. Bothdrug-druganddrug-genemedicationrelatedproblemsrise with
polypharmacyandtwo-thirds of adultsoverage65useoneor more prescriptiondrugsdaily
[8+10].An estimated35%o0f seniorsexperiencADEs,nearlyhalf of thesepreventablg10]
and 10+17%of hospitalization®f older patientsaredirectly relatedto ADRs[11]. Addition-
ally, patientsaged60yearsandolderaccountfor 51%of ADR-relateddeathg12,13].
Pharmacogenetitestinghasthe potentialto predictandreduceunnecessargirug-related
adverseeactionsandits valuehasbeenshownin clinicaltrialsin psychiatry{14]. Basedn
theseresultswebelievethat addingpharmacogenetiand cumulativeinformation warnings
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to druginteractionclinical decisionsupporttools (CDST)availablgo pharmacistgouldbe
usefulin managingpolypharmacyelderlypatients Interactionsinvolving genesauseapproxi-
mately47%(25%wereDGls and 22%wereDDGIs) of significantinteractionwarningsthat
canleadto sideeffectand ADRS[15, 16].

Knowledgeof a patient'spharmacogenetiprofile and gene-baseADR susceptibility
allowscliniciansto makemedicationtherapydecisionspecificto eachpatientleadingto bet-
ter outcomessuchasdecreasegill burden,improvementof diseasstate decreasedDRs,
andincreasedjuality of life. However controlledtrials of integratedpharmacogenetimfor-
mationin abroadpolypharmacypopulationhavebeenlacking.Pharmacogenetiprofiling
reducedhospitalizationg39%)and ED visits(71%)in aprospectiveegistrystudyin anambu-
latory Medicare-ag@olypharmacypopulation[17]. Thereforeweundertookarandomized
controlledtrial in ahigh-risk populationof chronicallyill patientsageds0yearsandolder
admittedto homehealthcareafteraninpatienthospitalizationThetrial wasdesignedo add
pharmacogenetidatain anintegratedclinicalinformation systencomparedo astandard
druginformation systemlIn addition to re-hospitalizatiorand ED visit metrics;we examined
secondarngndpointsincluding deathand Medicareadministrativequality measures.

Methods

Thehomehealthtrial wasapprovedby the Harding University Institutional ReviewBoard
(IRB)andconductedn accordancavith the InternationalConferenceon Harmonization
guidelinesor GoodClinical Practice(ICH E6),andthe Codeof FederaRegulation®n the
Protectionof Human Subject$45 CFRPart46)andis registeredvith ClinicalTrials.govhum-
berNCT02378220Written informed consenwasobtainedfrom all participants.

Setting, study population and recruitment

This pilot studywasconductedatahospital-basetHHA in SearcyArkansasThestudypopu-
lation wasderivedfrom patientreferralsto homehealthupon hospitaldischargeA pharmacist
and/or pharmacyintern performedchartreviewsor everynewpatientadmittedto home
healthandthe studyinvestigatorscreeneghotentialcandidate$rom this allotmentof patients.
Inclusioncriteriawerepatientsagedb0yearsandoldertakingor initiating treatmentwith at
leastoneof fifty-five singleingredientor six medicationcombinationg17] with potentialfor
significantgene-basethteractionsdefinedby FDA boxedwarning,FDA cautionarylabeling,
clinicalliterature,or a YouScript? CDSTalgorithm-predictedsignificanteffect.

Exclusioncriteriawerethe samefor testedand untestedgroupsandincludedpatientsprevi-
ouslytestedfor CYP450,history of organtransplant,currentmalabsorptiontreatmentof
invasivesolidtumorsor hematologianalignanciesn thelastyear,endstageaenaldiseaser
currentdialysis.Of 655patientsassesser eligibility, 412did not meettheinclusioncriteria
and 133patientsdeclinedto participate (Fig 1).

Randomization and intervention

Prior to enrolimentthe treatmentassignments/eregeneratedsablockrandomsamplewith
50patientsassignedo eachtreatmentarmin blocksof 100patients.Therandomizationwas
carriedoutin Rversion3.1.1(Vienna,Austria). The studystatisticianprovidedthe principal
investigatowith alist of 400randomassignmentsf potentialstudysubjectghatwereran-
domizedin blocksof 100(50for eachstudyarm within eachblockof 100.)Patientameeting
eligibility criteriawerenumberedchronologicallybasedn the dateof consentandwere
assignedo eacharmaccordingto the randomizationlist. All patientsin thetestedgroup
receivedaphysicianorderfor pharmacogenetitesting.Patientsvereenrolledfrom February
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Number of Home Health Patients Assessed for Eligibility (N= 655)
Obtained informed consent; screened potential subjects by inclusion & exclusion criteria; obtained history, document. (Inclusion criteria: Aged 50 & older, admitted to
Home Health after hospitalization, taking or starting one of 55 medications associated with genetic risk in YouScript®; Exclusion criteria: Previous CYP testing, history of
organ transplant, current malabsorption, treatment of invasive solid tumors or hematologic malignancies in the last year, ESRD, dialysis)

Arm1

Number Excluded (N=545)
®  Not meeting inclusion criteria (N= 412)

®  Refused to participate, refused Home Health, clinician
would not order pharmacogenetic testing, already
enrolled, other reasons (N = 133)

@ndomized (N=110)

No Genetic Testing Performed. Made Medication
Therapy Recommendations Based on Known CYP P450
DDI using standard Drug Information Sources

Arm 2

Genetic Testing Performed. Made Medication Therapy
Recommendations Based on YouScript® Clinical Decision
Support Tool for DDI, DGI & DDGI

Assigned to Not Receive Intervention (N=53)

Assigned to Receive Intervention (N=57)

I I
Lost to Follow-up (N=5) Lost to Follow-up (N=7)
Discontinued Intervention (N=6, Patient Died) Discontinued Intervention (N=1, Patient Died)
| |
Included in Primary Outcome Analysis such as Re- Included in Primary Outcome Analysis such as Re-
Hospitalizations and ED Visits (N=53) Hospitalizations and ED Visits (N=57)
| |
Abstracted data from patient charts. Primary outcome measures included number of re-hospitalizations and the number of emergency
department visits at 30 and at 60 days.

Fig 1. Patient selection flow chart. Of 655 home health patients assessed for eligibility, 412 did not meet the inclusion
criteria and 133 patients either declined to participate, refused home health, already enrolled or the clinician would not
order pharmacogenetic testing. Of 110 randomly allocated patients, 53 patients in arm 1 were assigned to not receive
intervention and 57 patients from arm 2 were assigned to received pharmacogenetic intervention. CYP, cytochrome; DDI,
drug-drug interaction; DGI, drug-gene Interaction; DDGI, drug-drug-gene interaction; ED, emergency department; ESRD,
end stage renal disease; N, number of patients.

doi:10.137/journal.pon€170905.g001

2015to DecembeR015andeachpatientwasfollowedfor 60daysfrom dateof hospitaldis-
chargewith follow-up endingin February2016.Thestudyenrolledatotal of 110patientscom-
prisedof 53 controlsand57interventionalrecipients.

Baselinalatawasextractedrom patientchartsand manuallyenterednto the studydata-
baseThestudypharmacistevieweddrug-druginteractions(DDIs), DGIs,andcumulative
drug and/or geneinteractionsin thetestedgroupusingthe YouScript® generatedeportsand
CDSTto providedrug therapyrecommendationso clinicians,afterwhich prescriptionswvere
alteredat clinician discretion.Patientsn the untestedyroupwerescreenedor DDIs using
standarddrug information resourcegLexicomp)with recommendationsictedon according
to clinicianjudgment.Time to changeherapywassimilar to thosein thetestedgroup.

Outcome measures

Theprimary outcomesncludedthe numberof re-hospitalizationgnd ED visitsat 30and at
60days.Theexploratoryoutcomesdncludedthetime to thefirst re-hospitalizationtime to the
first ED visit, numberof fallsduring the study,deathsscoreon selecOutcomeand Assess-
mentInformation Set(OASIS)quality metricsat 30and 60days,andclinical decision-making
(proportion of recommendationsicceptedy studypharmacistand passean to clinicians
andthe proportion of recommendationgcceptedy clinicians).The selectedASISmetrics
includedoverallstatus pain, confusion,anxiety,disruptivebehavior assistancwith activities
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of daily living, anddepressionDatawasextractedrom the patientchartupon admissionand
recordedusingacaseeportform (CRF)at30daysand60days All datawasmanuallyentered
into the studydatabase.

Genotyping and CDST

Buccalsamplesvereobtainedfrom eligiblepatientsfor determinationof genotypeand
shippedto GenelexCorporation(SeattleWA). Genelexs accreditedby the Collegeof Ameri-
canPathologist§CAP 1073709)¢ertifiedunderthe Clinical Laboratoryimprovement
AmendmentgCLIA No. 50D0980559)s WashingtonStateMedical TestSiteNo. MTS-
60353889\ew York StateDepartmentof Healthlicenseno. PF18201andlicensedo perform
high complexityclinical testingin all USstatesDNA extractionsrom buccalswabsvereper-
formedusingthe MagJETgenomicDNA extractionkit from ThermoFisher(Waltham,MA).
Genotypesvereobtainedusingalaboratory-developednultiplex PCRbasedestsfollowedby
singlebaseprimer extensiorfor variantdetectionby massspectrometryMassArrayAnalyzer
4 SystemAgenaBioscienceSanDiego,CA). PharmacogenetiestingincludedPCRbased
assayto detectall commonandrarevariantswith known clinical significanceat analytical
sensitivityand specificitygreaterthan 99%[18]. Thetestedallelesncluded CYP2C9:
*2535475/6,8;11513;15;CYP2C19:*2;345/6,77,8,79,-10;12;17;CYP2D6:
*202A35456,57,8,9,510;1112714,%15,1719;20;29;35;36,41,genedeletionand
duplications;,CYP3A4:*22;CYP3A5: *3;and VKORCI: ¢.-1639G>AThegenepanelwas
decideduponbasedn the high frequencyof variationandthe varietyof commonmedica-
tionsthatit effectsThe CYPsselectedrethe CYPsthathavebeenshownto havea consistent
relationshipwith drugleveld4, 5,19,20]. Theabsencef apositivetestresultfor all variants
listedresultsin the assignmenof a*1 wild typestatus.

Thepharmacogenetidefinition (CYP2C9, CYP2C19, CYP2D6, CYP3A4 and CYP3A5) and
inferred phenotypegalling(ultrarapid,normal,intermediateand poor metabolizer)s consis-
tentwith therecentlypublishedguidanceor allelefunction statusandphenotypd21]. Two
increasedunction allelespr morethantwo normal function alleleswereinferredasultrarapid
metabolizercombinationsof normal function anddecreasetlinction allelesvereinferredas
normal metabolizercombinationsof normal function, decreaseélinction, and/or no function
allelesvereinferred asintermediatemetabolizerand combinationsof no function allelesvere
inferredaspoor metabolizerln addition,the combinationsof CYP2C19 normalfunctionand
increasedunction allelewasinferred asultrarapid metabolizerandthe combinationsof
CYP2CI19increasedndno function allelewereinferred asintermediatemetabolizebasedn
CYP2C19 publishedguidelineqd22]. The CYP3A5 phenotypedesignationspon-expressers
(poor metabolizer)jntermediateexpresserntermediatemetabolizerand expresserénor-
mal metabolizerarebasedn the CYP3A5 guidelined23]. With respecto VKORC1, acom-
mon noncodingvariant(c.-1639G>A,rs9923231js significantlyassociatewith warfarin
sensitivityandreduceddoserequirementsasc.-1639A carriersrequirelower initial warfarin
doseshanc.-1639G carriers[24].

Patientphenotypesind medicationlistswereanalyzedy YouScript® andverifiedby a
clinical pharmacistYouScript® isaCDST(S1Appendix)that performsacomprehensive
analysiof patientmedicationregimenandtheir geneticsisinga proprietaryalgorithmanda
curateddatabasef the primary literatureto predictchangesn druglevelq15, 16]. Thereport
(S1Appendix)includedtypeanddateof samplecollection the testsconductedthe genotype
for eachgenetestedthe patient'sgeneticphenotypdor eachgenetestedthe medicationghe
patientwastaking,and prescribingsuggestionsrouScript® alsocategorizethetypeof inter-
action(DDI, DGI, andcumulativedrug and/or geneinteractions)and assigns.warning
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categoryThestrongestvarningis 2contraindicated¥ollowedby 2major®, 2moderate®and
aminor® impact.Evidence-baseahedicationor dosechangeguidancewasprovidedfor all
acontraindicated®2major® and®*moderate*warnings.Reportswvererevieweddy the study
pharmaciswho providedfinal drug and dosechangeecommendationso fit patientneeds
andforwardedto clinicians.

Statistical analysis

Statisticahnalysisomparedhe primary and exploratoryoutcomesetweertestedand
untestedgroups .Descriptivestatisticaarepresentecasmeansandrangegor countand
ordinal outcomesandaspercentagefor binary outcomesAll countoutcomesverecompared
betweertestedand untestedgroupsusingPoissorregressionandall Poissorregressionmod-
elswerediagnosedor over-dispersionWhen over-dispersiorwasdetectedp<0.05) the neg-
ativebinomial regressiorwasusedinsteadof the Poissorregressionsubstantialhelog-rank
testwasusedto comparetime-to-eventoutcomesThetime-to-eventoutcomeswverefurther
describedusingKaplan-Meierestimategcurvesand estimatest 30and 60daysshown)and
hazardratiosestimatedrom the Cox proportionalhazardsmodel.Ordinal outcomeqOASIS
metricsand PHQ-2 scoresverecomparedusingthe Wilcoxon rank sumtest.Fisher's
exacttestwasusedto comparethe proportion of patientdeathsThe effecton mortality was
expressedly arisk ratio calculatedrom alog-link generalizedinearmodel(with confidence
interval calculatedusingprofile likelihood from the model).Patientdeathsand the composite
eventoutcomegqanalyzedoth ascountsandtimesto thefirst event)wereaddedpost-hocto
the exploratoryoutcomesCompositeeventoutcomesncludedre-hospitalizations- ED visits
+ deathsandre-hospitalizations ED visits(whereoverlappingeventsverecountedasone).
Bothwerecomparedat 30andat 60daysandasthetime to the first compositeoutcomeevent.
Calculationsverecarriedoutin R,version3.2.3(Vienna,Austria). All testswveretwo-sided.
P<0.05vasusedto denotestatisticakignificanceAsthe studywasdesignedasapilot, tests
werenot adjustedfor multiple comparisons.

Results

A total of 57testedpatientswerecomparedo 53untestedpatients(Fig 1). Tablel reports
patientdemographic®verallandfor testedanduntestedgroups.Themean(n = 110)agewas
75.6yearsand 81.8%of the patientswere65yearsandolder. The percentagef femalepatients
in thetestedgroupanduntestedgroupwere56.1%and67.9%respectivelyThe populationin

Table 1. Demogra phic characte ristics of patients.

Demogr aphics

Gender Male
Female
Race White
African American
Age 50-64 yrs
65+ yrs
Overall Age

Overall (n =110) Tested (n =57) Untested (n =53)

n % n % n %
42 38.2 25 43.9 17 32.1
68 61.8 32 56.1 36 67.9
109 99.1 57 100 52 98.1

1 0.9 0 0 1 1.9
20 18.2 6 10.5 14 26.4
90 81.8 51 89.5 39 73.6

Mean SD Mean SD Mean SD
75.6 10.7 76.5 9.4 74.6 11.9

%, percentage; n, number of patients, SD, standard deviation; yrs, years.

doi:10.137/journal.pon®170905001
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Table 2. The number of patients by the number of events for each primary outcome, by the treatmen t group.

Events 0 events

Number of Re-hosp italizations (30 days)

Untested 38
Tested 46
Number of Re-hosp italizations (60 days)
Untested 31
Tested 41
Number of ED Visits (30 days)
Untested 36
Tested 44
Number of ED Visits (60 days)
Untested 28
Tested 39

1 event 2 events 3 events 4 events
10 5 0 0

9 1 1 0

13 3 6 0

14 1 1 0

13 4 0 0

12 1 0 0

18 5 1

14 4 0 0

ED, emergency department; Untested group (n = 53); Tested group (n = 57).

doi:10.137/journal.pon®170905002

theareawherethetrial wasconducteds predominatelywhiteP86.8%in 2010[25]. Theaver-
agepharmacogenetidsk, thelikelihood thattestingwould revealubstantiajenebasedirug
interactionsfor the testedand untestedgroupswas33.2%and 34.3%respectivelyThemean
OASISscorefor overallhealthat the startof interventionin the testedanduntestedgroups
was2.64and2.63respectivelyS1Table).

Tables2 and 3 compareprimary andexploratorycompositeoutcomeshetweerthe tested
groupandthe untestedgroupat 30and 60 dayspost-dischargeReductionin the numberof re-
hospitalizationskED visitsandin the compositenumberof outcomesvereobservedat 30days.
At 60days primary and exploratorycompositeoutcomegpost-dischargavereconsiderably
lowerin thetestedgroup.As shownin Table2, at 60daystwenty-eightpatientsin the untested
grouphadno ED visit, while eighteerhadonevisit, five hadtwo visits,onehadthreevisitsand

Table 3. Comparis on of primary and explor atory outcome s between the treatme nt groups.

Outcomes Untested (n =53) Tested (n =57) RR (95% CI) p value

Mean (range) Mean (range)
Number of Re-hosp italizations (Primary Outcome)
At 30 days 0.38 (0-2) 0.25 (0-3) 0.65 (0.32—1.28) 0.21
At 60 days 0.70 (0-3) 0.33 (0-3) 0.48 (0.27-0.82) 0.007
Number of ED visits (Primary Outcome)
At 30 days 0.40 (0-2) 0.25 (0-2) 0.62 (0.31—1.21) 0.16
At 60 days 0.66 (0—4) 0.39 (0-2) 0.58 (0.34-0.99) 0.045
Composi te Number of Re-hospi talizations + ED visits (Exploratory Outcome)
At 30 days 0.57 (0-2) 0.37 (0-3) 0.65 (0.37-1.13) 0.13
At 60 days 1.04 (0-4) 0.54 (0-3) 0.52 (0.32—-0.86) 0.01
Composi te Number of Re-hospi talizations + ED visits + Deaths (Exploratory Outcome)
At 30 days 0.58 (0-2) 0.37 (0-3) 0.63 (0.36—-1.09) 0.10
At 60 days 1.10 (0-5) 0.54 (0-3) 0.50 (0.30-0.81) 0.005

Cl, confidence interval; ED, emergency department; RR, relative risk;

Poisson regression model;

the dispersion assumption violated and the negative binomial regression was used instead.

doi:10.137/journal.pon®170905003
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onehadfour visits.In thetestedgroupthirty-nine patientshadno ED visitsat 60dayswhile
fourteenhadonevisit andfour hadtwo visits.At 60daysthirty-one patientsin the untested
grouphadno re-hospitalizationyhile thirteenhad onere-hospitalizationthreehadtwo re-hos-
pitalizationsandsix hadthreere-hospitalizationdn thetestedgroupforty-onepatientshadno
re-hospitalizatiorat 60 dayswhile fourteenhad onere-hospitalizationpnehadtwo re-hospitali-
zationsandonehadthreere-hospitalizationsAs shownin Table3, the meannumberof out-
comesper patientin thetestedvs.untestedgroupfor re-hospitalizationsvas0.33vs.0.70
(relativerisk (RR),0.48;:95%confidencanterval (Cl), 0.27+0.82 = 0.007) ED visitswas0.39
vs.0.66(RR,0.58:95%ClI, 0.34+0.99 = 0.045)re-hospitalizations- ED visitswas0.54vs.1.04
(RR,0.52;95%C, 0.32+0.86 = 0.01).Thetestingreducedhe numberof re-hospitalizations,
ED visits,and compositenumberof re-hospitalization+ ED visitsat 60daysby 52%42%and
48%respectivelyThetrue re-hospitalizationED visits,and compositenumberof re-hospitaliza-
tion + ED visitsreductionin apopulationsimilar to this studywill likely fall betweerl8%to
73%,1%to 66% and 14%to 68%(95%Cl) respectivelySixdeathsvereobservedn theuntested
groupversudnedeathin thetestedyroup,an85%reductionin therisk of deathin thetested
group(RR,0.15:95%Cl, 0.01+0.87 = 0.054) At 60daysthe meancompositenumberof re-
hospitalizations- ED visits+ deathsvas0.54for thetestedgroupversusl.10for the untested
group(RR,0.50:95%CI, 0.30+0.81p = 0.005) For the compositeexploratoryoutcomesat 60
daysthedispersionassumptionwasviolated,sonegativebinomial regressiomwasusedinstead.
At 30daystestedgroup eventsiverelower but the effectwassmallerthanat 60days.

Table4 compareghe exploratorytime-to-eventoutcomesetweerthetestedand untested
groupsat 30daysand60days.The hazardratio (HR) was0.59for time to thefirst re-hospitali-
zationand0.60for time to thefirst ED visit. The HR for the time-to-compositeeventout-
comedor re-hospitalizations ED visitsandre-hospitalizations ED visits+ deathsvas0.59
(95%Cl, 0.34+£1.022 = 0.056)and 0.57(95%Cl, 0.33+0.99 = 0.041) respectivelyk-ig 2A
and 2B presentghe Kaplan-Meiercurvesfor thetime to first re-hospitalizatiorandto thefirst
ED visits.At 60-daysthe cumulativeratein thetestedversusuntestedgroupfor re-hospitaliza-
tion ratewas28%vs.43%(log-ranktestfor the entirefollow-up: P = 0.10);cumulativeED visit
ratewas32%vs.49%(P = 0.09).Fig 2Cand 2D presentghe Kaplan-Meiercurvesfor thetime-
to-cumulativecompositeeventoutcomedor re-hospitalizations- ED visitsandre-hospitaliza-

tions+ ED visits+ deaths.

The comparisonof selectedASISmetricsbetweerthetestedand untestedgroupis
addresseth S1Table.Scoresvereevaluatedanddocumentedat time of admissionto home
health,at 30daysandat 60daysfollowing enrolimentfor improvementin overallstatuspain,
confusionanxiety,depressiondisruptivebehaviorandthe needfor assistanceith activities

Table 4. Comparis on of the time-to-ev ent outcome s between the untested and tested groups.

Time-to -event Outcomes Cumulati ve % events at | Cumulative % events at |p value
30days 60 days
Untested Tested Untested Tested
Days to the first Re-hospitalization 29% 19% 43% 28% 0.10
Days to the first ED visit 30% 23% 49% 32% 0.09
Composite event: Re-hospitalization + ED visit 40% 28% 58% 39% 0.056
Composite event: Re-hospitalization + ED visit + Death 42% 28% 59% 39% 0.041

ED, emergency department; HR, hazard ratio values at 60 days, Cox proportional hazard model; Cl, confidence interval;
p-value (log-rank test);
%, percentage; cumulative % events were estimated by the Kaplan-Meier estimator.

doi:10.137/journal.pon@170905004

HR (95% CI)

0.59 (0.31-1.12)
0.60 (0.33-1.10)
0.59 (0.34-1.02)
0.57 (0.33-0.99)
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Fig 2. Cumulative rate (%) for re-hosp italizations , ED visits, and composit e events using Kaplan -Meier estimator.
2A and 2B represent the Kaplan-Meier curves for the time to first re-hospitalization and to the first ED visits, respectively.
2C and 2D represent the Kaplan-Meier curves for the time-to-cumulative composite event outcomes for re-hospitalizations
+ ED visits and re-hospitalizations + ED visits + deaths, respectively. ED, emergency department; p, p value. The vertical
lines on the survival curves show the times when event-free subjects reach the end of their protocol pre-specified follow-up
of approximately 60 days (55—65 days).

doi:10.B71/journal.pon8170905.9002

of dailyliving. Thedifferencesn theoverallall scoresat 30daysand 60daysbetweerthe tested
anduntestedgroupswererelativelysmall. The meannumberof fallsper patientwas0.11and
0.09for the testedand untestedgroupsrespectively.

Tabless and 6 comparedifferencesn the distribution of CYP450metabolicphenotypes,
anddifferencesn the severityof DDI (binary andcumulative) DGI, or DDGI betweerthis
homehealthtrial andanotherpublishedstudypopulation[16]. Asseerin Table5, for eachof
thegenesf interestalargefraction of patientswerecharacterizedshavinga?@risk phenotype®.
Thephenotypebreakdownof evaluategatients by enzymewasasfollows:42.9%wereinter-
mediateor poor CYP2D6 metabolizers§4.9%wereintermediate poor, or ultra-rapid CYP2C19
metabolizers29.8%wereintermediateor poor CYP2C9 metabolizers10.5%intermediate
CYP3A4 metabolizersand 12.3%wereCYP3A5 intermediateexpresserd-he meannumberof
all YouScript® recommendationgper patientin thetestedgroupwas2.18andthe meannum-
berof gene-basetecommendationsvasl.49.The percentagef testedoatientsshowingoverall
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Table 5. Distributi on of evaluated cytochrome P-450 (CYP) metabo lic phenotype s between the Home Health Trial and another published study

population [16].

Phenotype

CYP2D6"

Normal Metabolizer
Intermediate Metabolizer
Poor Metabolizer
Ultrarapid Metabolizer
CYP2C19

Normal Metabolizer
Intermediate Metabolizer
Poor Metabolizer
Ultrarapid Metabolizer
CYP2C9

Normal Metabolizer
Intermediate Metabolizer
Poor Metabolizer
CYP3A4

Normal Metabolizer
Intermediate Metabolizer
CYP3A5
Non-Expresser
Intermediate Expresser
Expresser

Hocum et al. Prevalenc e, % Home Health Trial Prevalenc e, %
52.8 57.1
37.7 37.5

6.8 5.4
2.7 0.0
421 35.1
25.8 31.6
2.6 1.8
29.5 31.5
67.5 70.2
29.1 26.3
3.4 3.5
92.4 89.5
7.6 10.5
72.3 87.7
20.5 12.3
7.2 0.0

*When gene duplication is detected for CYP2D6 alleles of different activity (e.g. one inactive allele and one active allele), the technology cannot distinguish
which allele is duplicated and therefore cannot assign a definitive phenotype. There were 560 CYP2D6 phenotype results in the AJHP cohort and 1 result in
the Home Health Trial cohort affected by this, and they were omitted from this phenotype prevalence analysis.

doi:10.137/journal.pon@170905805

YouScript” interactionseveritywith 2changeor major° recommendationsvas35.1%andwith
aconsideror moderateYecommendationsvas21.1%Table6). YouScript® recommendations
wereacceptedby the studypharmacisivho reviewedhe recommendationdasedn additional
patientfactorsand needsandthen providedfinal recommendationso clinicians.Of the 124
recommendationpassean to clinicians,96 werefollowed(77%),6 werenot followed(5%),
and22wereunknown (18%).By unknown,it meantthatit could not bedeterminedwhether
thereviewingphysicianfolloweda specificprescribingsuggestion.

Discussion

Pharmacogenetiestingof genesodingfor drug metabolizingenzymesasthe potentialto
optimizemedicationprescribing dosing,and monitoring by identifying metabolizepheno-
typestatus Although over137medicationshavepharmacogeneticonsiderationsn their label
[20], the valueof testinghasyetto be establishedAlthough somevalidationis neededit
shouldbenotedthat approximatelyone-halfof the mostcommonlyprescribeddrugsin the
United Statesindergometabolisnmvia CYP450nzymesSimilarto creatinineclearance
(CrClI) rateasabiomarkerof kidneyfunction, CYPgeneticstatusservessabiomarkerof the
patient'sability to metabolizedrugsvia CYP450nzymatiqathwaysFDA guidanceegarding
pharmacokineticen patientswith impairedrenalfunction suggestthat dosingrecommenda-
tionsbebasedn creatinineclearancer estimatedylomerularfiltration rate(eGFR)and
otherrelevantpharmacokinetigparameterssuchasareaunderthe curve(AUC), half-lifeand
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Table 6. Comparis on of YouScript Srecommen dation severity of drug-drug, drug- gene, and drug-
drug-g ene interaction between the Home Health Trial and another published study population [16].

Interacti on Severity Hocum et al.(n =20534), % Home Health Trial (n =57), %
Overal |?

Change/Major 8.9 35.1
Consider/Moderate 36.7 211
Monitor/Minor 23.5 31.5
No Change/None 30.9 12.3
DDIP

Change/Major 5.4 22.8
Consider/Moderate 22.9 19.3
Monitor/Minor 8.3 7.0
No Change/None 63.5 50.9
DGI/DDGI®

Change/Major 3.9 17.5
Consider/Moderate 234 28.1
Monitor/Minor 28.4 29.8
No Change/None 44.3 24.6

& Most severe drug-drug, drug-gene, or drug-drug-gene interaction detected for each patient
b Most severe drug-drug (binary and cumulative) interaction detected for each patient
° Most severe drug-gene or drug-drug-gene interaction detected for each patient

doi:10.131/journal.pon@170905.t006

Ciax[26]. Similarly,patientCYPgeneticstatusandtheresultingalterationgo CYPenzyme
activity arefundamentako understandinghe AUC, half-life and C,,axWhich measureand
determinecirculatingdrug levelsOlder patientsmayrealizea greatetbenefitfrom pharmaco-
genetidestingalongwith anappropriateCDSTbeingat heightenedisk for polypharmacy
andadversanedicationoutcomed27]. Thistrial assessetthe clinicalimpactof pharmacist
medicationmanagementvith accesso pharmacogenetiprofiling integratedwith cumulative
drug-genenteractionwarnings(YouScrip® CDST).Inhibition of CYPenzymaticactivity by
concomitantmedication(s)candramaticallychangeaperson’'ametaboliccapacitypresenting
with aphenotypethat doesnot matchwith the genetigphenotypg28]. YouScript algorithms
combineall drug-geneanddrug-druginteractionsto predictthe cumulativeeffectof all inter-
actingcomponentsn anaffecteddrug. Thisisimportant becaus@ormal andintermediate
metabolizerganbe phenoconvertedb poor metabolizersThe phenotypepredictionfrom
genotypalatadependseavilyon the allelicvariantspresentin a populationof interestand
thenumberof allelesdbeinginterrogated An overestimat®f the normal-functionof CYPsis
likely to occurwhenaconsiderablewumberof no- anddecreased-functionllelesaremissed.
In addition, othergenetic physiologicalpathologicalandenvironmentafactorson CYP
expressiormndactivity mayalsohaveanimplication. Interpretationof the functional conse-
quence®f predictedphenotypegor drug clearancen vivo, andthustranslationinto specific
dosingguidelinedfor individual drug-diplotypepairs,will benefitfrom future genotype-strati-
fied pharmacokineticstudiesfor high-priority drugs[29].

Thestudypopulationwasselectedo haveahigherthanaverageeturn on pharmacogenetic
testingdefinedby the likely frequencyof drugsinteractingwith CYPsPatientavhowereaged
50andolder,enrolledin homehealth,andtakingor initiating treatmentwith atleastonemed-
icationwith asignificantDDI or DGI asdefinedby FDA boxedwarning,FDA cautionary
labeling clinicalliteratureor YouScript® algorithm- predictedsignificanteffectwere
included.To verify patientsweresimilarin eacharm, the distribution of diagnosigpatient

PLOS ONE | DOI:10.1371/journal.pone.0170905 February 2, 2017 11/16



Pharmacogenetic profiling and polypharmacy home health patients

diseaseslisordersandrelatedhealthproblems)and medicationutilization betweerthetested
anduntestedgroupswerecomparedThediagnosigesults(S2Table)showedsignificantdif-
ferenceonly in thefrequencyof the cerebrovasculazonditionsand eyediseased:inding
statisticallysignificantdifferencegor two conditionsis not unusualamongtwenty-sixcom-
parisong1.3suchdifferencesvould beexpectedpn average.Additionally, the frequencie®f
thesewo conditionswerehigherin thetestedgroup.Despitethis, therewasan overallreduc-
tion in ED visitsandre-hospitalizationgt 60days.Thereforenot adjustingfor thisimbalance
appeargo be,in fact,conservativeAll otherdiseaseslisordersandhealthrelatedproblems
betweerthetwo groupswerenot statisticallysignificantandlikely did notimpactthe pre-
sentedoutcomef the study.

Home healthpatientsarepolypharmacyreatedsubjectsthe averageumberof drugsper
patientin this studywas11.6.Theaveragalrug countatbaselingdbeforepharmacogenetic
profiling basedntervention)wasrelativelybalancedetweerthe testedanduntestedyroups
(11.6vs.11.8;p = 0.6,two samplet-test).On comparingthe frequencyof drugsprescribed
betweerthetwo groups(S3Table),no major differencewereobservedralidatingarelatively
goodbalancebetweerthetwo arms.A major 52%reductionin the numberof re-hospitaliza-
tionsanda42%reductionin the numberof ED visitsat 60dayspost-discharg&vasobserved
in thetestedversughe untestedgroup. Thisfinding occurredin anHHA that,accordingto
2015Home HealthQuality Improvementreportingwasin the 5"-12"-percentilegroupfor
the CMSre-hospitalizatiorbenchmarkTheHHA received.50f 5 starsin the CMSHome
HealthComparerating.

Reducingatesof re-hospitalizatiorhasattractedattentionfrom policymakersasawayto
improvequality of careandreducecosts ED visitsarealsoanimportant causeof morbidity,
andmayoftenbecausedy ADESs,particularlyamongpatientsaged65yearsandolder[30].
Sixdeathsvereobservedn the untestedyroupversusonedeathin thetestedgroup,an85%
reductionin therisk of death.However becausef the smallsamplesizeit is unclearif it was
directlyrelatedto pharmacogenetic-gdedtreatment.Thedeathin the testedgroupoccurred
beforepharmacogeneticesultsweresentto the clinician.

Thefactthat mostpatientsarenot normal metabolizerdor atleastone CYPdrug metabo-
lizing enzymds extremelyimportant whenmanaginga patientmedicationsThewiderange
of CYPisozyme-encodingenevariantssuggestthatalargenumberof DGIsand DDGIs
mustgoundetectedvithout pharmacogenetitesting.Thetotal numberof patientswith risk
phenotypesaswell astheincidenceof DGlsand DDGls identified, supportsthe useof risk-
basedharmacogenetitesting[16]. Interestingly this studyhadmanymore severenterac-
tions (Table6) thanthe Hocum etal study[16] likely becausef higheraveragelrug count
(11.6vs.8.2).In addition,the meanage percentagef patientswho were65+yearsandthe
racialdifferencesverehigherin this study(S4Table).Also,the homehealthpatientsin this
studyareall beingreleasedrom the hospitalto homehealth,sotheytendto belesswellthana
typicalambulatorypatient.

Thelimitations of this studyincludesmallsamplesize useof arandomizedpopulation
within oneinstitution and undeterminedmpactof the geneticestingon patient-provider
interactions Also, the averageime to changedrug therapywasapproximately8 weekspnly
oneweekshortof the 30-daytime point which could haveimpactedthe time-to-eventout-
comeat 30days However the benefitsof pharmacogenetiprofiling at 30daysarepossiblaf
theaveragé¢ime to changeherapyis shortenedput theimpactis still lesscertainsincein
someinstancesasit maytakelongerfor the benefitsof the interventionto materialize This
studywasplannedasa pilot studyandthereforeno powercalculationsverecarriedout.
Despitethe smallsizeof the study,otherfactorssuchasage genderraceandbaselinénealth
statug OASIS)wererelativelybalancedetweerthe two studyarms.Becausef this balance,
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the smallsizeof the studyandthe typeof the outcomesthe analysesverenot adjustedor
covariateso avoidanincreasedypel error[31,32]. Whenresultswereadjustedor categori-
calageall p-valuesveresmallerthanthe correspondingunadjustedo-valuesThe unadjusted
p-valuegresentedn our resultsarethusappropriatelymore conservativeomparedo the
adjustedp-valuesActual costand chargedatawasnot availableTherefore costsavingavere
modeledbasedn Medicareaveragell-causgeadmissiorf33] andED visit cost[34], result-
ing in a$4382perpatientcostsavingsn 60days(S5Table)prior to the costof intervention,
resultingin decreasetiealthcargesourceutilization. Follow-upwaslimited to 60dayspost-
dischargebut overtime additionalsavingsouldincreasehe valueobtainedfrom the one-
time expens®f testingastheresultscanbeusedfor ongoingpatientmanagementA recently
conductedcost-effectivenesmalysishowedcost-savinggrhenconsideringaone-time
genetidestto avoidlifetime ADRs[35].

In conclusionweconductedapragmatic prospectiverandomizedcontrolledclinicaltrial
testingcomprehensivenedicationmanagementleliveredby clinical pharmacistsincorporat-
ing pharmacogenetitestingalongwith appropriateCDSTversudusualcare. Thishomehealth
trial mirrored a previouslypublishedprospectivebservationastudywhich demonstratedhat
pharmacogeneti€Y Ptestingof ambulatoryelderlyexposedo polypharmacyeducedhospi-
talizationsby 39%and ED visitsby 71%comparedo amatchedretrospectiveontrol cohort.
This studyoffersa potentiallyimportant opportunity to minimize ADEsandreducehealth
resourceutilization and marksanimportant steptowardsaccomplishinghe goalsof the
Triple Aim (improvedcareof theindividual,improvedhealthof the patientpopulationand
decreaseger capitalcosts)36]. To further validatethesefindings,additionalprospectivecon-
firmatory studiesnvolving real-worldapplicationdn largerpopulationsin the sameandalter-
natesettingsareneededo broadenits acceptance routine clinical practice.
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