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Abstract

Precisionmedicinelaims(tolprovidelmorelelectivelandllesslharmfulltreatmentsiforlindividuallpatientslbyunderstandingitheir!
uniquel geneticl makeup,! biologicall characteristics,! and! lifestylel factors.! Inl thel areal ofl medication,! anl essentiall component! is!
pharmacogenomics,/whichlinvolvesistudying’howlalpatient'sigeneticlprofilelalectsitheirlresponseltoldrugs.[ Thislapproachlhelps!
guidelthelselectionland!dosagelofimedications!tolachieveloptimalltherapeuticloutcomesiwhilelreducinglithelrisklofladverseldrug!
reactions./Althoughlpharmacogenomicsitheoreticallylandlclinicallylholds!thel potentialltolmakelpharmacotherapy!morelelectivel
andisafer,/thelfieldlalsolraiseslalnumberloflimportantiethical,/legal,landlsociallissues.INumerouslinternationallorganizationsiand!
academiclsocieties’ havelissuedirelevant’ ethicallguidelines!and!declarationsliniresponse.. This! articlelexploreslandlanalyzes key!
controversieslandicontextuallfactorsiwithinlthisfield,[focusinglonlissuesisuchlasiracelandlethnicity,]benefit-sharinglandipatents,!
andlprivacylandipersonalldata’protection./(BioMedicinel2025;18(4):353-368)
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Introduction

Precision! medicinel aimsl tol classifyl individuals! into!
subgroups! with! dilerent! susceptibilities! tol specific!
diseasesl orl dillerent! responses] tol specific!
treatments,! inl order] tol focus! preventivel orl
therapeuticlinterventionslonlthoselwholcan!benefit,]
whilelavoiding! costsland!sideleJects!forl thoselwhol
would notl benefit.l Withinl thisl field |
pharmacogenomicslusesigenomicltechnologiesiand!
geneticl variation! analysis! tol evaluatel dilerent!
patients’l responses! tol medications.
Pharmacogenomics! may. providel substantial
benefits] forl drug! development! and! prescription,!
enabling! electivel diseasel treatment! while!
potentiallyl avoiding! prescribing! medications] that!
havel! littlel clinicall eJect! orl adverse! reactions! forl
certain! individuals.ll Whilel theoreticallyl and!
clinically,! pharmacogenomics] may! makel drug! use!
saferland!morelcost-eOective,JandImay’helplprovidel
new! diagnostic! and! therapeuticl information,! this!
fieldl also! has! severall important! ethical,l legal,” and!
sociall issues! that! need! tol bel examined.2
International! literature,! professionall organization!
guidelines,! andl evenl international! declarations!
repeatedly! remind! us] that! researchersl and! clinical
practitionerslinlthisIfieldlcannotlignoreltheselissues!
related! tol valuel objectives,! policy! regulations,! and!
sociall impact! dimensions.! Otherwise,! thel well-
intentionedlgoalsloflpharmacogenomicsimaylnotibel
fullyl achieved, orl new,l unforeseen! problemsl could!
arise.[Thislpaperlwillluselanitopic-basedlapproachitol
discusslandlanalyzelseverallimportantlethical,llegal,
andlsociallcontroversieslinlthislfield,lusingraciallor!
ethniclissues, benefitisharinglandipatentlissues,/and!
privacy! and! personall datal protection! issues! as!
examples.]

1 Munir PirmohamedPharmacogenomics: Current Status and Future Perspec®elSATURE REVIEWS

GENETICS 350 (2023).
2 I"#$%&'()*+,-./01234%/
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Race and Ethnicity Issues in
Pharmacogenomics

Manyl pharmacogenomics! researchl studies! and!
clinicallpracticesImaylinvolvelissuesirelateditol"race""!
or! "ethnicity."] Inl thel internationall pharmaceutical!
market,] therel arel indeed! somel medications! whosel
treatment! or] prescriptionl isl based! onl racel orl
ethnicity;l clinicallyl andlinl research,! diJerentl races/
ethnicl groupsl havel beenl foundltol potentially! have!
dilerentldrugiresponseslorisidelefects./Forlexample,!
thel U.S.I Food! and! Drug! Administration] (FDA)!
approved!aldruglwithlthelbrandlnamelBiDillinl 2005!
as! al race-specificl medication! forl treating! heart!
failurel inl Africanl Americans.. Another! example:l
clinicall guidelines! have! longl recommended! that!
Blackl patients! withl uncomplicated! hypertension!
initiallylbeltreated!withlthiazideldiureticsloricalcium!
channell blockers! (CCBs),! ratherl thanl angiotensin-
convertinglenzymelinhibitors! (ACEIs)! orlangiotensin!
receptor! blockers! (ARBs)! whichl arel commonly!
prescribed! medications! used! by! otherl non-Black!
patients.3] Additionally,! al drug! used! tol treat!
thrombocytopenial(brandinamelEltrombopag)’haslal
lower]! recommended! starting! dosel for] East] Asian!
patients] compared! to! alll other! patients.] Similarly,!
thelU.S.IFDAlrecommendslallowerlstarting/doseloflal
statinl medication! forl lowering! blood! lipids! (brand:!
name! Crestor)! for] Asian] patients,! basedl onl al genel
thatlcausesImetaboliclvariability,/althoughthisigenel
may. bel present! inl anyl ethnicl group.l Another!
examplelisitheltargeted therapyldrug!Iressalused for!
treating! lungl cancer! - although! initiall clinical trials!
showed! lowerl e[dcacyl inl American] patients,] it was!
found!tolsignificantlylimprovel overalllsurvivall rates!
inlAsianlpatientsiclinically..Geneticlmedicallresearch!
shows!thislislrelatedtolgeneticlvariation:130-40%. of!
Asianlnon-smalllcellllunglcancerlpatientslhavelEGFRI
genelmutations,/whilelonly!10-15%]Jof.Europeaniand!
Americaniwhitelpatientslhavelthisimutation.4]

3 Hunter K. Holt et al.Differences in Hypertension Medication Prescribing for Black Americans and Their
Association with Hypertension Outcom8S DURNAL OF THE AMERICAN BOARD OF FAMILY MEDICINE 26

(2022).

4 Paez JG et alEGFR Mutations in Lung Cancer: Correlation with Clinical Response to Gefitinib TheBagy

SCIENCE 1497 (2004).
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Thel aforementioned! pharmacogenomics] research!
thatlconsidersiracelorlethnicity,lorlemploysidiCerent!
treatment/prescription] methods,! indeed! holds!
positivel valuel and! significancel inl theory,!
methodology,landiclinicalitreatment.[Thislislbecause!
existinglinternationallgenomiclresearchland.genetic!
medicinel datal hasl long! presented! significant!
opportunities! forl improvingl the! diversity! of] study!
subjects'] ethnicl groups,! with! thel vastl majority! of]
existingl datal being! based! on! subjects! of] European!
descent,! thusl raising! significant]l questions! about!
whether! findings! canl bel generalized! to! patients! of!
non-Europeanldescent.5Strengthening!thelinclusion!
ofl patients! from! other! races! or] ethnic groups! as!
researchl subjects] can! increasel thel diversityl ofl
geneticl datal and! analysis,! helping! tol balance! thel
over-representation] of. European-descent! data.!
However,itlis]worth! notingl thatl manyl studies! have!l
pointedloutithatlusinglpatients'"race"lor!"ethnicity"!
as! categories! forl researchl analysisl orl treatment!
considerationsimay’raiselethicallandisocialiconcerns,!
andl may! sometimes! even! bel harmfull to! patient!
interests.[First,/forilgeneticmedicallresearchltargeting!
races! other! than! thosel ofl European! descent,!
participantirecruitmentlcurrentlyltypicallylusesiself-
reported. racel asl thel basis! for! individuall datal
classification..However,lhow!muchloflthelconceptlof]
"race"lor"ethnicity"lislsociallylconstructed, orltied(to!
identityl and! culturall identification! (especially!
evident! when! many! individuals! havel knownl or!
unknownlmixedlancestry),lversuslhowlmuchlisitruly!
rooted! inl physiologicall diCerences?! Evenl when!
physiologicalldiCerenceslarelpresent,/tolwhat extent!
arel theyl genuinely! caused! byl genetic! variations!
betweenl races?! Manyl geneticl sciencel studies] have!l
shown! thatl geneticl dillerences! between! members!
withinl thel samel racel arel oftenl greater! than!
dilerenceslbetweenlraces,! makinglitlfundamentally!
diOcultl to! definel dilerent] races! by! genotypel inl
biologicallscience.®]

5 DRAGAN PRIMORAC ET AL., PHARMACOGENOMICSIN CLINICAL PRACTICE 357 (2024).
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7 Hunter K. Holt et al.supranote 3.

Inl short,l regarding! pharmacogenetic! research! that!
categorizes! byl racel or! ethnicity,! methodologically,!
thel grouping! ofl individuals! actually’ determines! thel
genelfrequenciesiattributeditoltheseldilerentlethnic!
groups,! rather! thanl genel frequency! distribution!
dictatingl how! individuals! should] bel grouped.!
Whether! researchl participants'l self-reported! raciall
categories! canl trulyl reflectl theirl genotypic!
categories,! and! whetherl using! such! raciall
"classification"! methods! forl studyingl geneticl
variations! orl implementing! dillerent! treatment!
methods/druglprescriptionsimight’sometimes’easily!
overlook! dillerences] between! patients] within! the!
samel racel and! potentiallyl disadvantage! certain!
patients] -] these! arel both! scientific methodologicall
andlethical/policylchallengesiraisedlby!manyrecent!
studies.] Forl example,l regarding! thel previously!
mentioned! first-linel treatment! andl medication!
approach! that! dilers] betweenl Black! and! White!
hypertensivel patients,l whilel thel clinicall guidelines!
arel based! onl past! clinicall triall data, &’ large-scalel
analysis] inl 20221 of! twol years! ofl electronic health!
recordslfrom 10,875 hypertensive patientslinithelSan!
Franciscol Bay! Areal showed! that! thesel guidelines!
mightl limitl treatment! options! forl Black! patients,!
leadingl tol delays! inl achieving! optimall blood!
pressurel control..Empiricalldata’ revealedl that! race-
based! prescriptions] werel inelJective,] unnecessary,!
andlcouldlevenlproveldetrimental tol Blackl patients!
inl thel long! term.l Thel study! indicated! that! "race"!
cannot!providelelectiveldilerentiation!forlprecision!
medicine,! hypertensionl medication! choicesl should!
bel individualized! rather! than! race-based,l and! that!
easilyl using! "race"] asl al consideration! for!
diCerentiating! treatmentl or medicationlapproaches!
overlooks! other! potentiallylmorel important! factors,!
suchl as! dosage,! addition! of] second! orl third!
medications,!] medication! adherence,! dietaryl and!
lifestylelinterventions,landifollow-uplcare.IThelstudy!
alsol pointed! out! that! sociall and! environmental!
factors! suchl as! whether! patients! lackl access! tol
healthyl food,! havel housing! instability,! sociall
isolation,! andl payment! dilJculties] may! deservel
morelattentionthanitheirlraciallclassification.?
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This! articlel suggests:] Pharmacogenomicsl
researcherslandiclinicalpractitionersishould keeplin!
mind! thatl thisl field! truly! focuses! onl geneticl
dilerences] between! individuall patients! and! their!
potentiallyl dilerent! drugl responses] or]l appropriate!
treatment! methods.! As! forl "race,"l itl is atl most] al
roughl proxy! forl genotypel and! absolutely! cannot!
replacel thel truel goals! ofl precision! medicinel or!
personalized! medicine,l namelyl individualized!
medication! and! treatment,! tol thel pointl ofl
overlookingl that! even! individuals! within! so-called!
"samel race"] often! mayl havelsignificant!dierences.!
Wel cannot,] basedl! onl roughl raciall distinctions,!
arbitrarilyl causel patientsitol losel treatmentl options,!
or! arbitrarilyl assumel that! certain] medication] or!
treatment'methodsiwillldefinitely’belmorelbeneficiall
tolmembersloficertainiraces.Afterlall,lif.personalized!
medicinel merely! divides! patients'l riskl levels] or!
treatmentimethodslalonglracialllines,/ittmaylnotionly!
sometimes!beldisadvantageous!tol patients!but!may!
furtherlexacerbatelexistinglsociallinequalities.!

Finally,] regardingl pharmacogenomics! research! on!
racelorlethnicity,littmust!belnotedthat!Articlel6.3of!
thel Universall Declaration] onl Bioethics! andl Human!
Rights! specificallyl suggests! that! forl researchl
targetingl specificl groups/ethnicities, inl appropriate!
circumstances,! besides! obtaining! individuall
participants' consent,] thel consent! ofl thel legal
representatives] of! that group/ethnicity. mayl alsol bel
sought.! Ifl wel consider! that! individuals! and! their!
ethnicl groups! may! sharel commonl geneticl
compositions,’ and! that! thesel geneticl compositions!
belong! tol thel group's! collectivel assets,! andl that!
geneticlresearchifindingslarellikelyltolalectlorlapply!
tolthelentirelgroup;idiscriminationlorlstigmatization!
caused! byl research! likelyl alects! the! entirel group,!
not! just] individuall participants.] Then,l suchl
suggestionslindeedlhavelrationality./Articlel15 oflour!
country's] Human! Subjects! Researchl Act! stipulates:!
"Researchl targeting! indigenousl peoples! shall,l in!
additionltolcomplyinglwithlArticlesi12/to!14,Iconsult!
withl and! obtain! consent! froml thel respectivel
indigenous! peoples;! thel samel applies! tol thel
publication] of! research! results."l Thel Councill of!
Indigenous! Peoples! andl thel Ministry! ofl Healthl and!
Welfarelthereforeljointlylissuedithel"Regulations]for]
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8 Greenberg v. Miami Children®s Hospital Resear

Institute, 264 F. Supp. 2d 1064 (S.D. Fla. 2003).

Consultation! and! Obtaining! Indigenous! Peoples'
Consent! and! Benefit-Sharingl Agreement] inl Human!
ResearchlProjects' inilDecemberl2015,/whichlcanlbel
referenced.]

Benefit Sharing and Patent Issues

Thel development! of] pharmacogenomics! relies! on!
geneticlsamplesidonatedlbylpatientslandithelgeneral!
public.l However,Iwhilel thel publicl donates] samples!
altruisticallyl for] thel publicl good,! scientists] and!
pharmaceuticall companies! canl profit] through!
commercialization! (such! asl geneticl testingl or!
personalized! medicinel products)afteriresearchland!
trials,/andlcanlevenlpatentigenelsequencesianalyzed!
froml publicl samples! - does! this] raisel ethicall and!
policy! concerns?] Thel facts] ofl thel 2003 U.S.I casel
Greenbergl v.I Miamil Children's! Hospitall seem! to!
illustratelwhy’thislcouldlbecomelalcontroversylabout!
fairnesslorl distributiveljustice.lInlthis! case,l patients!
withl thel geneticl disorder] Canavan's! Diseasel and!
their] families! formed! al nonprofit! organization. and!
freely! contributed! their! time,! edort,! money,! and!
tissuel samples] from! bothl livingl and! deceased!
patients] tol Miamil Children's] Hospital.l Theylworked!
closely! withl hospitall researchers! tol identifyl the!
causeloflthisigeneticldiseaselandlhopeditoldeveloplal
testingl method.! Eventually,] thel hospitall developed!
geneticl testing! for! thel diseasel and! patented! it,!
allowingthemitolprofit/from.patientslandlthelpublic!
receivinglthelgeneticltest,/includinglfees!charged!tol
members! of] thel nonprofit! organization. and. their!
familiesIwhenltheylneeded! thelgeneticl testing.] Thel
Greenbergl family,] who! hadl worked! closelyl with!
researchersl] and! provided! samples! from![ their! sickl
child! tol thel hospital,] believed that] whilel theyl and!
other] patients! hadl selflesslyl and! altruistically!
contributedlgeneticlsamples,itimelandlelort!forithe!
"publicl good,"T it] ultimatelyl becamel thel hospital's!
"privatel benefit."lFurthermore, thel hospital'slpatent!
wouldllimitithelaccessibilitylofigeneticltesting,/which!
contradicted! thel patients'l originall public] interest!
intentions] and! violated! principles! ofl fairness.] Thel
courtlultimatelylruled! partiallyl against! thel hospital,!
finding! that! therel was! indeed.! unfairl unjustl
enrichment.8]
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Looking! at! thel facts! andl claims! of! thel Greenberg!
caselmentionedlabove,/whatlpatientsiandithelpublic!
carelabout may! notl bel how! muchlmoney! theyl can!
"takel al cut! of,'"] but! rather] theirl concern! that! "youl
appealed! tol myl sense! of! publicl good,! I donated:!
specimensifreely,.butiwhyldidimylcontributionitolthel
publiclgoodlendlup’becominglyourlprivatelbenefit"-]
that! feelingl of? having! their] altruism exploited. and!
trust] betrayed.! In! fact,] similar] situations! arel not!
uncommon,’becauselforiscientificlresearchlresultsitol
bel mass-produced! and! widelyl applied,! they! often!
needtolbelcommercializedlintolproducts./Welcannot!
expect! scientificl researchl results! tol achieve!l further!
development! and! larger-scalel applications! by!
remaining’solelyinllaboratories..However,lthislraises!
thel question:] how! dol wel balancel appealing! tol
patients'l and! thel public's! sensel ofl public! good! to!
donate! geneticl specimens! for! free,l whilel allowing!
researcherslusingltheselspecimens]tolobtainlprivate!
commerciall benefits] froml their! research! results?!
What! kind! ofl contradictionl orl distrustl might! this{
createlamong! theﬂgeneral public?lIflsuchlfeelings!ofl
contradiction] or] distrust! cannotl bel reasonably!
resolved,! |tﬂcouldﬂactually alectpeople'siwillingness!
tol donatel specimens{foriresearchlinl thel futureland!
impact! publiclsupport for geneticl research.l Wel can!
drawlanlanalogy!with!blood.donation:I"Donatel onel
unitlofiblood,lsavelonellife"Imotivatesimanylpeoplel
tolrolllupltheirisleeveslandidonatelblood, butlifithel
publiclinsteadlheard"Donatelonelunitloflblood,help!
researchers! makel money"[ or] "Donate! onel unit! of!
blood,  helpl researchers! getﬂ another patent,”l how!
manylpeoplelwouldstilllbelwillingtoldonateblood?!
Givenl thel importancel of! thisl issue,] many!
internationall ethicall declarations! and. guidelines!
fromlinternationallorganizationsihavelprovidediclear!
guidance! onl thel ethicall issuel ofl whether! benefits!
froml scientists'l geneticl research! results! should!
involvel "benefitisharing."l Forlexample,lArticlel 19] of!
UNESCO's! Internationall Declarationl onl Human!
GeneticlDataladopted!ini2003! expl|C|tlyﬂst|pulatesﬂthe[
requirement! forl "benefit! sharing":l "Benefits!
resulting] froml thel usel ofl human! genetlc data,!
human! proteomicl datal or! biologicall samples!
collected!for. medicallandlscientificlresearchlshould!
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bel shared! with! thel society! as! al wholel and! thel
internationall community,! inl accordancel with!
domesticl law! and!l internationall agreements."! Thel
Ethics! Committeel ofl thel Humanl Genomel
Organisation] (HUGO) alsoladoptedial""Statementlon!
Benefit!Sharing"lini2000,.emphasizinglthat:Ibenefits!
referred! tol in] benefit! sharingl arel not. equivalent! to!
monetary! orleconomic! profits; theldetermination! of!
benefits] depends! onl needs,[ values,! priorities! and!
culturall expectations;! priorl consultation! should! be!
conducted! withl participating! individuals! and!
communities,lwithlpreliminaryldiscussionslincluding!
thelalordabilitylandlaccessibilitylofifinalltreatments,!
preventivel and! diagnostic! products! developed;!
actuall orl potentiall benefits! should! not! servel as!
inducements! forl participation,! andl economicl
benefitsishould not!belused tolattractlindividualsor!
communities! to! participatel inl geneticl research;l in!
cases! wherel researchl results] arel commercialized,l
general’benefit/distributionlshouldlinvolveldonating!
al percentage! of] net! profits] (afterl tax). tol healthcare!
infrastructure,lorlforlvaccines,ltesting,medicinesiand!
treatments,! or] donations! tol local,] nationall and!
internationallhumanitarianieCorts.*

Inl short,] thel internationall ethicall principlel of!
"benefitl sharing'! inl geneticl medicall research!
considers] both! thel naturel ofl human! genes! as!
humanity'slcommonl heritagel passeddownlthrough!
generations,] and! thel notion! that! researchl findings!
derived! froml specimens! donated! by! the! public! for!
thel publicl good! shouldl indeed! havel (atl least!
partially)! al publicl benefit! nature,l rather] than!
becoming! purelyl al profit-makingl tooll forl scientists!
orl businesses.! Thel "benefitl sharing™! principlel does!
not! suggest! that! scientists! orl businesses! cannot!
commercializelresearchiresultslandmakelprofits,Inor!
doeslit’suggestithatiresearchlbenefitsishouldionly’be!
shared! with! specimen! donors! and! other! privatel
individuals.l Rather,! itl hopes! that! researchl results!
derived! from] specimens] donated! altruisticallyl! by!
patientslandithelpublicishouldigenuinelylincludelan!
element! of] publicl benefit! by! givingl back! tol society!
andicommunitiesiasialwhole.]
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Whilelthel Greenbergl casel wasl mentioned! earlierlin]
thislarticle,.similarlcontroversies]havelalsoloccurred!
inTaiwan.Forlexample,’inl2010,Jdomesticimedialran!
extensivel coverage! with! thel headline! "Myl Blood,!
Yourl Patent:l Arel Indigenous! Peoplel Beingl
Sacrificed?" regarding! al Nationall Health! Research!
Institutes! study! that] used! Taiwanesel indigenous!
peoplel as! research! subjects! tol investigatel thel
relationshipl between] genetic! variations! and] gout.!
Thelstudyldiscovered!thelso-called!"goutigene, " land!
thelprojectidirectorlalongiwithithelNHRIlappliediforial
patent! forl thisl genel with! thel USI Patent] O[Clce.!
However, thelindigenous! peoplel whol werel studied!
and! indigenousl groups! werel notl informed!
beforehand,! and! when! interviewed,! thel project!
director! stated! that! "therel was! nol need! tol consult!
withl indigenous] people! forl consent,"l triggering!
strong! protests! from! humanl rights! groups! and!
indigenous! organizations.! In! fact,! this] casel was!
reported] byl al Canadian’scholar! tol anlinternational’
non-profit! organization,! and! it evolved] intol an!
internationall biomedicall ethics! controversy.] Duel tol
stronglquestioninglandicriticismifromivarious/sectors!
ofisociety,! thel project!directorlandI NHRII eventually!
agreeditolwithdraw!thel patent’applicationlfromithe!
USIPatent/O[ce.10]

Regarding! patent! applications! forl human! genel
sequences! or] geneticl variations,! thel United! States!
waslinitiallylthelmostlopenlicountrylinternationallylto!
thisl practice,] with] both! thel USI Patent! OCcel and!
court! decisions! maintaining! al relativelyl openl
attitudelsincelthel1980s,/thoughlthishas!repeatedly!
sparked! ethicall and! legall controversies.l James!
Watson,/wholwon thelNobellPrizelforldiscoveringthel
DNA doublel helix! structure, strongly! criticized! this!
practice,! arguingl that] merely! "discovering"l genel
sequenceslorlvariations’thatlexistlinlnatureldoesinot!
constitutel an!"invention"landIthusldoesl notl qualify!
forl patent! protection.] Anotherl Nobel! laureate,! Sirl
Johnl Sulston,]knownlfor! hisl research! onl nematodel
celllgenomics, also’stronglylexpressedlhislopposition!
tol suchl patents.! Beyond! ethicall objections,] forl
geneticl medicall researchers! and! clinical
practitioners,l oncel al genel sequencel or! variationl is!
patented! byl someone,l itl means] that! without!
authorization! froml thel patent! holder,] other!
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researchers] or! clinicall workers! who! develop! or!
implement] geneticl testing! for! that! genel would! bel
committinglpatentiinfringement,/potentially’severely!
impactinglfurtherlresearchland!applications!related!
tol thatl gene.l Duel tol thesel majorl ethicall
controversies! andl because! such! patents! might!
actuallyl restrict] furtherl medicall research! and!
applications,! thel USI Supremel Court! madel an!
importantlrulinglini2013linlAssociationIforIMolecular!
Pathologylv.!MyriadlGenetics,!Inc.,lregarding Myriad!
Genetics,! which! originally! held! patents! for! cancer!
genes! including! BRCA1l andl BRCA2.[ This] ruling!
changed! thel Supremel Court's] previous! position,!
adoptingl an! approachl that! greatly! restricts! thel
patentabilityloflgenesior.DNAIsequences.[ Thelruling!
stated! that! naturally! occurring! DNA! segments! arel
products] ofl naturel and! dol not! become! patent-
eligiblelmerelylbylbeinglisolated, notinglthat!Myriad!
did! not! createl orl alter] anyl geneticl information!
encoded! in! thel BRCA1l andl BRCA2] genes.! Even!
though! thel company! discovered! anl important! and!
usefull gene,! thel separation] of! thesel genesl from!
surroundingl geneticl materiall isl notl anl actl of]
invention,! and! thereforel lacks! patentability.] Only!
artificially. synthesized,! non-natural! products! like!
cDNAImaylpotentiallylbelpatentable.11]

Finally,Iregardinglthelissues! of. commerciall benefits!
and! benefitl sharing! inl geneticlresearch,! thisl article!
considers! thel following! particularly! noteworthy! for!
pharmacogenomics! researchers] and! clinicall
practitionersiinlouricountry:lArticlel21lofithel"Human!
Biobankl Management! Act"! stipulates! that! "thel
benefitsigeneratedfromlcommerciallapplications.by!
theloperatorsiandlbiobanksshalllbelfedlbackltolthel
populationl or] specificl groups! tol whichl thel
participants!belong";! Articlel 7] ofl thel samellawalso!
explicitlyl states! thatl "anticipated] commerciall
applications"Imustlbellistedlaslalrequiredldisclosure!
itemiwhenlobtainingiconsent/fromIspecimenlidonors.!
Furthermore,! Articlel 147 ofl thel "Humanl Subjects!
Researchl Act™] also! stipulates! that! when! research!
directors! obtain! participants'l consent,] theyl must!
inform! them! inl an! understandablel manner] about!
"thel potentiall commerciall benefits! of’ thel research!
andlagreementsiregarding!theirlapplications." These!
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regulations] represent! our! country's! legall system!
adopting! thel requirements! of] the! aforementioned:!
internationall declarations! andl ethicall guidelines,!
aimingl to! avoidl past! sociall controversies! both!
domesticallyl andl internationally.. Among! legislative!
examplesiworldwide, theselcanlbelconsideredlquite!
progressivellegislationiworthylofirecognition.12]

Privacy and Personal Data
Protection Issues

Privacyl and! personall datal risks! for] patients! and!
specimenl donors] represent! thel primary! risks! inl
geneticl medicall research.] Moreover,! patients' or!
researchl subjects'’ medicall records,] treatment,]
genetic,l and! other! healthl datal notl onlyl constitute!
personall data,! but! also! falll underl Articlel 6] of! thel
Personall Datal Protection] Act] (PDPA)! as! "speciall
categories! ofl data."] Thel collection,’ processing,! and!
usel ofl suchl datal are,l inl principle,] prohibited,’ thus!
demanding! enhanced! datal protection.l Although!
pharmacogenomics] researchers! andl medicall
institutions! inl our! countryl havel largely! complied!
with]PDPAlregulationslinlrecentlyears, therelarelstilll
manylimportanticonceptsithatineediclarification.!

Forl example,! regarding! thel terminologyl and!
determinationlofl "de-identification," therelarel oftenl
confusions! orl misunderstandings! about] its!
implications.] Many! believe! that! simply! removing!
direct! identifiers] such! asl names,] nationall ID!
numbers,] and! medicall record]l numbers] constitutes!
de-identification,Jandlevenlconsiderithat’suchldatalis!
nollongerlpersonalldatalsubjectitothelPersonallDatal
Protection] Act.] However,] this! view! misunderstands!
orloverlooksiseverallkeylpoints:]

(1) "Personall data'l as! defined!inl thel Personall Datal
Protectionl Actl includes! notl only! datal that! can!
directlylidentifylanlindividuallbut’alsoldatalthat]can!
indirectlylidentifylanlindividual.[Articlel 2,]Paragraphl
1! of! thel Personall Datal Protectionl Act! clearly!
stipulatesthis.!

(2)IEvenlwhenl personalldata’ has!been! processed!to!
removel direct! identifiers! suchl as! names! and! IDI
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numbers,lif.therelremainslanlobjectivelpossibilityl of!
restoring’identitylandlidentifyinglspecificlindividuals!
based! on! thel datal type,! nature,l and! processing!
methods! (suchl asl throughl codel matching,!
encryption! keys,! orl cross-referencingl withl other!
typeslofidataltolindirectlylidentifyl thelindividual),lit!
stilll constitutes! personall datal andis! subjectl tol thel
Personall Datal Protectionl Act.] This! has! beenlclearly!
interpreted] by! Constitutionall Court! Interpretation!
No.113[0f2022.]

(3)! Personall datal is! not! limitedl tol information!
containinglobviousldirectlidentifiers!likelnamesland!
IDI numbers;] evenl datal without! thesel obvious!
identifiersimay!stilllbelconsidered!personal dataliflit!
contains! codeslsuchlasladdresses,! phonelnumbers,!
emailladdresses,lorlfingerprintsi(whichlarelbylnature!
directlidentifiers).

(4)! Geneticl information! (likel fingerprints)_ itselfl is! al
direct! identifier. Therefore,! thel argument! that!
geneticldatalislde-identified/andlnollongerlpersonall
datalsimplylbecauselitlisistorediwithout’thelpatient’s!
name! or! IDI numberl is] neither! legally! norl logically!
valid.l This! isl analogousl tol fingerprints: sincel
fingerprints! themselves! arel identity-identifyingl
personalldata,lwelcannoti claimithatifingerprintidatal
isl de-identified! simply! becausel itl isl stored! without!
thelnameland!IDInumber] ofl thel personl tolwhomlit!
belongs.!

(5)! Ifl methods! forl restoring. personall identityl arel
retainedl(whetherlby datalholdersloridatalproviders/
processors),! this! only! constitutes] what! thel EU!
Generall Datal Protection] Regulation] (GDPR)! calls!
pseudonymization,! and! pseudonymized! datal
remains! indirectly! identifiable! personall data.l In!
contrast,Janonymizationlrefersitoldata/thatlhaslbeen!
processedlsolthatlit.canineverlbellinkedlorlmatched:!
withlpersonallylidentifiablelinformationlthroughlany!
means,l andl even] datal providers/processors] cannot!
restorel identity! (equivalent! tol "de-linking"l as!
defined!l inl ourl Human! Subjects! Research! Actl and!
HumaniBiobank!ManagementlAct)l-lonlylthenlmight!
itinollongeribelconsideredpersonalidata.t3]Domestic!
biomedicall personnell sometimes! confusel thel
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conceptsianditerminologylof"de-identification"and!
"de-linking,"] mistakenly! referring! to! datal thatl can!
stilllindirectlylidentifylindividualslandiwhoselidentity!
can! bel restored. through! certainl methods! as! "de-
linked,"? orl broadlyl claiming! "anonymization"l when!
onlylachieving!"pseudonymization," overlookinglthe!
fact] that! indirectly! identifiable! datal remains!
personalldata. Thisldeservesispeciallattention.]

(6)!Iflpersonalldata’isioriginally.collectediwithoutithel
subject's] consent! orl compliancel withl otherl explicit!
legall provisions,! it violates] thel Personall Datal
ProtectionlAct; thislillegallfactland!statuslcannotlbel
remedied.orllegitimizedl byl subsequentlyl de-linking!
thelillegallyl obtained! personall data.! Ifl onelillegally!
collects! personall data,l then! unilaterallyl performs!
"de-linking"l processing,! and! claims] that! the! de-
linked!datalislnollongerlpersonalldataland!thusican!
bel freelyl used,’ such practice’ actually’ constitutes! a
violationlofithelPersonallDatalProtectionlAct.]

(7)! Geneticl medicall researchers] oftenl mistakenly
believe!l that! collectingl human! specimens! or! blood
onlylinvolves! minimall physicallwounds!orlinvasion,
thus! constituting! "minimall risk,"] or] evenl directly
statingtolsubjectslinlconsent!forms thatltherelisIno
risk.l However,[ thel reall risks! inl geneticl research! lie
not! inl physicall wounds] orl invasion,] butl inl privacy
and!personalldatal protection,lincludinglinformation
and!sociall risks.IMoreover, sincel geneticl sequences
(especially! genomicl data)! themselves! arel direct
identifiers! that! can! bel used! to! link! and! identify
individuals,itruel"de-identificationlislfundamentally
impossible.] Pharmacogenomics] researchl involves
subjects' diseasel andl geneticlinformation,!which,lif
obtained! byl insurancel companies,! could! lead! to
denied coverageloriincreased!premiums;lif.obtained
byl employers,! could! allect! jobl applications] or
promotions;l and! ifl knownl by! potentiall partners,
couldl alect! relationships.l Thel sociall risks! inl this
fieldlabsolutely’exceedlwhatlis!defined!as!"minimal
risk™] ofl "generall risks! existing! inl daily! life."] In
particular,l unlikel thel United! States,! whichl has! the
GeneticllnformationINondiscriminationlActlexplicitly
prohibiting! health! insurancel companies! from
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denying! coverage! or! increasing! premiums] based!
solelyl on! genetic! information,! andl prohibiting!
employers! froml making! hiring,! termination,! or!
promotionl decisions! basedl onl geneticlinformation,!
thelprivacylandlpersonalldata’risks!faced!bylpeoplel
participating! inl pharmacogenomics! researchl or!
testinglinlourlcountrylarelissuesithatiresearchersland!
clinicall practitioners] inl this] fieldl absolutelyl cannot!
ignore,l norl should! they! easily! promisel subjects! or!
patientsl"nolrisk"lor"minimallrisk."14]

Conclusion

Beyondithelthreelissuesispecificallyldiscussedlinithis!
paper,] therel arel certainly! otherl important! ethical,
legal,l andl sociall issues! in] pharmacogenomics.! For]
example,l pharmacogenomic! patientl genomel
analysisl may!yieldlincidentall findings! orl secondary!
findings! -l discoveries! about! thel patient's] health orl
geneticlvariationslbeyonditheloriginallgeneticitesting!
purposel (such! asl diseasel riskl orl drug! response),!
whichimayirelateltoldiseasesnotlinitiallyltargetedifor!
analysis] or! tol parent-child] blood! relationships.. In!
suchl cases,! dol pharmacogenomics! researchers] or!
clinicall practitioners! havel an! ethicall orl legall
obligationl tol inform( patients! ofl thesel incidentall or!
secondaryl findings,! and!ifl so,! tol whatl extent?l How!
shouldithelpossibilityloflsuchisecondarylfindingslbel
disclosed! tol patients!throughlthelinformed! consent!
processitolobtain theirlagreement?15)Moreover,leven!
for! findings! within! thel originall scopel of! testing,!
considering! that! al patient's! geneticl variations] are!
likelylsharedlbyltheirlifamilylmembersiwholmaylfacel
similarl diseasel risks! orl drug! sidel elect! risks,! dol
researchersl orl clinicall practitioners] havel anl ethicall
or! legall obligation! tol inform! thel patient's! family!
members,landliflso,l tol what! extent?16] Furthermore,!
pharmacogenomicsl research] often] requires! large-
scalel human! biobanks] orl genetic! databases! as!
research! foundations! or! datal sources,! butl thel
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establishment! and! operation] of! such! large-scale!
geneticldatabases!frequentlylraiselethical,llegal,/and!
privacy. concerns! worldwide.l Inl Taiwan,! related!
databases! havel repeatedlyl generated! sociall
controversies! andl havel evenl been! investigated! by!
thelControllYuan,/whichifoundisignificantlethicalland!
managementldeficiencies.”l Theselarelalllimportant!
ethical,! legal,l andl social issues! inl
pharmacogenomics.] However,l as! thesel issues] have!
beenlextensivelyldiscussedlinlexistinglliterature,land!
dueltolspacel limitations, thisl paperlhasl focused!on!
threel topics:Iraciall orlethniclissues,’ benefitl sharing!
and! patents,] and! privacyl and! personall data!
protection.] Perhaps! only! pharmacogenomics! and!
precision] medicinel that! comply! with! ethicall and!
legall requirements,! avoid! sociall controversy,! and!
gain! patient] and! public! trust! -1 encouraging! their!
supportland!participationl-Icanltrulyldeveloplinlthel
longl term! and! achievel theirl important! goals:]
enabling! dilerent! patients! tol receivel thel most!
suitablel treatments,l avoidingl unnecessary! risks!
(including!l sociall and! psychologicall risks,! notl just!
physiologicall ones),! and! ultimately! benefiting! alll
patientslandthelpublic.!
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