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Poapuakoyevetikn (Pharmacogenetics)

o E&etdlel TNV KANPOVOUNGLUN TTOLKIAOHOP IO TNG
aVTATOKpLoNG ot PpappakoBeparmeia

* 2TOXEVEL OTNV AVAKAAUYN (biomarkers)
ylo

o Tnv pdBAePN TNG avTATIOKPLONG (ATIOTEAECUATIKOTNTA —
To&IkOTNTA) TOU 0loBevoug otn PpappakoBepaneia pe Bdon to
YEVETIKO Tou TIPpOodiA (prospective testing)

° T OlEpeVVNOT U LKAVOTIOLNTLKAG AVTATIOKPLONG (retrospective

testing)

* ATIWTEPOG OTOX0G: eEaTopikevon Oepareiag



DopPUAKOYEVETLIKT)-
DapuoKOYOVIOLWHATIKN

e OLOPOL OTIG LEPEG OGS X PN OLOTIOLOUVTOL CUY VA EVOAAGE oV

KoL OEV EXOUV OKPLBWG TO LOL0 EVVOLOAOYLKO TIEPLEXOUEVO

e O0pog glval TOAQLOTEPOG KoL CUVOEETALL
TIEPLOCOTEPO JE TN LEAETT) TNG CUCYETLONG EVOG T
TIEPLOPLOUEVOU aPLOOU YOVIOLAKWY TIOAUOPDLOWYV [UE
NV avTamokplon evog mANOuouov acBevwy otn
dapuakoBepareia, pe tn foriOela «kKAAGIKWV» TEXVIKWV

Hoplakng yevetikng (tt.x. PCR, RFLP).



* O 06pog glval EvoG VEOAOYLOMOG
(OTIWG KOl AAAEG «-WHLKEGY»), TIOU TIPOEKUIJE HETA TN
XapToypdadrnon tov avlpwTivou YoviOLWUATOG KoL TNV
AVATITUEN EPYAOTNPLAKWV KOL AVOAUTLIKWV TEXVIKWYV LEYAAOU
aplBuov dedopevwy (high through put analysis), ..
Microarrays, DNA chips KA.

* OUVOEETOL KOl UE LEAETEG EkDpaONG EYAAOU aplOuoU
YoVLI6iwV o€ cuVOVAOUO HE TN eTidpacn PapuaKwY o€
TIELPOPOATIKA LOVTEAQ (TIELPAMATOlWO, KUTTUPLKEG OELPEG) —>

aAANAOETILKAALYT UE



[eveTiKOl TTOALUOPDLOMOL

o ALaPOpETIKEG TTAPAAAAYEG EVOG YOVLIOIOU
o€ eva ANOuopo

e Odeilovtal Kupiwg otnv UTIOPEN
ONMELAKWY PHETAANGEEWY (SNPS) o€ pLa
11 IEPLOCGOTEPEG BETELG TOU Yyovidiou

V4 7 V4 A G G T
e Alyotepo ouyVvQ, o€ aotdBela Tou 1
apLOoU OLodoY LKWV ETTOVOANWEWV I AA - C
Baoewv (VNTRs) o€ diadopa onpeia Tou c G TT/AlC GAAATC|T

YOVl(Slpr(TOQ ™ T'TGAC|IGACTC
TCTTAGAGIGACTC




SNPs

» Kotvol (common)
o Zuxvotnta eAaccovog aAAnAouopdou: > 0,05
> ~7x 108 oto avBpwTivo yovidiwpa
° ~1Ka0e 5oo bp, kKATA HECO OpO

* [MoAvpopodikoi (polymorphic)
° ZUXVOTNTA EAACCOVOG aAANAoUOpPOoL > 0,01
> ~11x 10% oT0 AvBpwTIvo yovidiwpa

o >TAviolL (rare)
o ZUXVOTNTA EAACCOVOG aAANAouopdou < 0,01
> >100x 0% oto avBpwivo yovidiwpa

* http://www.hapmap.org
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Aettoupyikol (functional)
moAvpopdLopol

» Emmpealouv TNV aKkEPALOTNTA TOU TIPWTEIVIKOU
TIPOLOVTOG TOU YOoVLOiou
© Mn ocuvWVUUEG LETAAAAEELG OTN KWOLKOTIOLOUCO TIEPLOYT
(e§wvia) Tou yovidiou
° MeTtaAAd&eLg TTou 0ONyoUV o€ EVAAANAKTLKO splicing Tou
RNA tou yovidiou
* 1] TIPOKOAOUV TIOOOTIKT] LETABOAT] TNG EKPPOONG
TOU YOVLOiou

° MeTaAAAEELG o€ pUOULOTIKA OTOLYElO TOV YOoVLIOiou
(Mpoaywyelg, evioyuteg, 3 UTRs)



[MoAvpopdlopoi tov enmpedalouvy tnv

AKEPALOTNTA

Protein coding region SNPs

Refaren MNA

..acc agc ttc cga ggg ttg acc..

. T ] F R G L T ..
B. Noncoding SNP E

..acc agc ttc aga ggg ttg acc..

T 5 ) R G L T ..

C. Coding SPP (cSNP) E

..acc agc ttc gga ggg ttg acc..
. T S ) G G L T ..

D. Premati re stop codon E

..acc agc ti:c tga ggg ttg acc..

. T S £l Eﬁ!

E. Deletion \ iith frame spift

, +
-.2CcCc agc ctc —ga _gqg _ttg acc..
. G X = e

. T S F E
[Stop]

Mn cuvwvupo SNPs

lIntron/splicing SNPs |

A. Reference 1° mRNA transcript

gﬂ-"q§ gﬂ-‘.q;
----- b . P sesssssss)p

Exon 1

_Intron 1 ST

|_Intron 2 WSETK]

--£244... Normal splicin

| splice acceptor consensus |

B. Variant 1° mENA transcript

@_ag_g " [Aberrant splicing 2 exon 2 deletion|




[MoAvpopdlopoi tov enmpedalouvy tnv
eEKPpaoN

Promoter/5’-regulatory SNPs

I r

"m g0 --name

Wy u0f-aana
...a:gtagta@gglggc&....alg....lag...alaaa # 10)..... 008 - Angaa

|3’-regulatory SNPs |

A. Reference mRNA sequence

TATAA box aig.... 00000508 -
| microRNA consensus |
aug..... o0 d---Aanad 5'...acu uaggeac..3’ ai AmRNA degradation|
| Transcribed mRNA| aaaa

o I“I Y Protein translation|

B. Variant promoter sequence

LTI
€= |
- Sea,
v A B. Variant mRNA sequence
...acgtagtadataaggiggea....atg....[ag. . . ataga ceeecespe A0 000--A0000
5'._.acu. uagueac.. 3’ e '.I ¥mRNA degradation|
aaaa “‘
#Protein transiation |
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Kamotot un cuvwvupol oAvpopdLopol pmopel va emnpedlouv tnv EKPpaon evog
yovidiou HEow GAAWY, OXL KAAA XOPAKTINPLOUEVWY OLEPYACLWY, OTIWG N KivnoT) ToU
mMRNA pé€oa 010 pLBoocWHETLO, 1) AAANAETIIO pOOT E XPWIOCWHILKEG TIPWTELVEG 1] N
aAAnAemtidpaon pe kamolo puBuiotikd RNA



TEXVLKEG QViYVELONG TWV TIOAUPOPPLOP WYV

» [Mpoodloplopdc akoAouBiog DNA

o JUHBATIKN 0AUCLOWTY] AVTIOPAGT) TIOAVLEPAOTG
(PCR) kot

° QVOAUOT TIoAUOPPLoPOU urkoug Bpadouatog
neploptopov (RFLP) 1

° VOAUOT] TIOAUOPPLOUOU SLapOpdwoNG LovOokAwvou DNA
(SSCP)

» Real time PCR
» MikpoouoTtolyieg DNA



PCR - RFLP

» Molupopdiopés CETP Tag 1B
> Evioyuon tou DNA pe PCR
o ey pe evQupo mieploptlopov (Taql)

B2B2 BIBI B1B2




Real time PCR

Baoiletal otnv aneAevBepwon orjuatog ¢Ooplopov
TOUTO)Ypova PE TNV evioyuon tou DNA ce mocotnta
aVAAOYT TIPOG TNV EKTAOT TNG EVIOYUONG




Allele-specific PCR

Booiletaw otn xprjom primers 1] probes mou avayvwpifouv eTUAEKTIKA TO €va 1
T0 AAAO aAANASuopdO
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Allele-specific PCR

| B. WT probe, 62°C
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—o. 0 10 200 300 400 5000 GO0 OO 8O0 000 Fig. 4. Example of a classical PCR-RFLP analysis for Glu298Asp
RFU for allele 1 — Texas Red, 575 nm polymorphism in the eNOS gene. Samples from seven individuals were run
. o on a 2% agarose gel, stained with ethidium bromide, and photographed under

Fig. 8. Example of an allelic discrimination graph for the Glu298Asp UV transillumination. GG = WT homozygote; GT = heterozygote; TT = mutant
polymerphism in the eNOS gene. Twenty samples were analyzed in duplicate homozygote; M, DNA size markers.

in a single analysis.



96 Multi-array Matrix matches standard
microtiter plates

~ 1,500 SNPs typed per matrix for 96 samples
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Ta&lvounon moAvpopPLOPWY OTN
GAPUAKOYEVETIKN (1)

* [ToAupopdiopoi og yoviola tou oyetiCovrtal YeE TN
(DO PUOAKOKLVNTLKN:
> Tovidla ov emnpedadouv TNV anoppodnon, KATAVOUT,
LETABOALOMO, ATIOAKPUVOT TOU GOPUAKOU
° KUPLWG yovidla TIou KWOLKOTIOLOUV
GAPUAKWY KOL LETODOPLKES TIPWTELVEG

e ABCBI,ABCCI-5, OATP, OCT, SLCOIBI



Ta&lvopunon moAvpopPLopWY OTN




[ovidla evQUp WYV BLOPETATPOTING

EMelppaticé CYP2D6 aAAnAdpopdo o€

opoluywrtia ] etepoluywrtia g 60 -
€ .
> Tovotumog ptwyov petafortotry (PM) -;_E ig T I
' : . =F 1 -1
¢ JUCOWpEUOT) TO GapUEKOU 0TO TAGGX Enu] 30 —;—g
E E 20 B
° @awdtumog PM =210 —e—13
i oo
’ o 24 48 72
o MoAam\& avtiypada puctoloyikou Time (hours)
aAAnAopdpdou Flgure 1 . Brm;g:ammmm of nertriptyline In heaftty volunteers of defined

The study immived zdminstetion of 2 single 0@l dmse of nodriphdine (25 mg) foliowed

> Tovotumog toyxewg petaBoAotr (UM) by biood =ampling & the fime points shown. The number of acive CYPAR alales wes

delermingd by genotyping and i shown in the Figure. Adapted from Oelen & &l [71] with
, ’ , permission from Macmillan Publishers Lid. Clinical Phammacology and Thempeutics < 1998,
° TaXEl(I ATIOAKPLVAOT) TOV c|>appou<ou (it nabure comitiph).

o ®awodtunog UM
Daly. Biochem | 2010; 429: 435-449



Mutation CYP2D6 Function Effect on steady state concentration Clinical effect  Possible
iequal dosage) CONSequences
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wilh defec absant — o E & adverse drug s change
Enzl.'ﬂ';s of poor metabolizer [FM) & E g efecis medication and
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Time
.
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Steimer & Potter. Clin Chim Acta 2002; 315: 137



[oviola HETAPOPIKWY TIPWTEIVWV

Frocfensd ne

* [MoAvpopdlopoi oe
yovidla avTALWY
EKPOTG 1) ELOPONG
(umtepolkoyeveleg ABC,
SLC) emnpeadouv 1
BlodlaBeoipotnTa

TIOAAWYV POPUAKWY
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[ovidla uTtodoyEwV Kat evQUUWYV TIOU
ennpedlouv To TEpLBAAAOV Opdong EVOC
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FONIAIATIOY EXOYN 2Y2ZXETIZTEI ME THN
ANTAMNOKPIZH ZTH ®/@ TOY KAPKINOY

e MBavn emidpaomn oTNV ATOTEAECUOTIKOTTO

o [ovidla evQUPWV/ UTIOOOXEWV — GTOX WV
o [oviolo HETODOPEWV/ AVTALWY EKPOTIG
o [ovidla BlopeTaTpotng Tou GOPUAKOU

o [oviola evQuwv Tov emmpealouv 1o EPLBAAAOV dpaong
TOU GAPUAKOU



e MBavn emidpaon otnv
o [oviola BlopeTaTPOTIG TOU GAPUAKOU

> [oviola peTaPOPEWV/ AVTALWY EKPOTG

o [oviola evQUuwyV Tou emmpealouv To TIEpLBAAAOV
dpaong Tou GapUaKOU



H avadritnon Twv moAuvpop

A.

€Drug phenotype

Humber of individuals
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Bioavailability

Target sensitivity

Candidate gene
approach

B.

Genotype the "likely suspects”
Cyiochromes P450
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Other dreg metabolism enzymes
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P walue
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Whole genome
approach

C.

netic: lin nalysis or
whola genome genotyping
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» MeBodog utoynadiou yovidiou

> Avadntnon o€ yoviola ou oyetiCovtal pe tn (Yvwotn)
bAPUOKOKLYVNTIKY] 1] PUPUAKOOUVALKT] TOU
bapuaKou

> Baolkd mAeovekTna NG eBoodou: teplopilel Tnv
ava(r}TnoN o€ EVa OYETIKA UIKPO aplBud yovidiwv

o MelovekTnua: pokatelAnupevn (biased) avadninon
TIOU UTIOPEL VOL 0ONYT|OEL OE OPVNTLKO ATIOTEAEC U
AOYW OVETIOPK WV OTOLYELWY OYETIKA UE TO UNYAVLIOUO
dpaong tou papudkou, TN PAPUAKOKIVNTLKT TOU, TN
noplakn taBoAoyia 1} v naBoducioloyia tng vooou



DapUaKOYEVETIKN TNG KAOTILOLYPEANG
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o 2TPOTINYLKT] 0Apwong Tou yovidlwpuatog (whole genome

approach — genome wide association studies, GWAS)

o

MeAETN peydiou aptBuov SNPs mtou avTimpoowevouY
0AOKANPO TO yovidiwpa (tagSNPs)

[veTtal pe tn PoriBeta pikpoouotoyiwv DNA

Baolko MAEOVEKTN A TNG LEBOOOL: LN TIPOKATEIANUEVT)
(unbiased) avadntnon

[MpouToBETEL TNV EPappoyn ELOIKWY OTATIOTIKWY AVAAUONG TWV
QTIOTEAECHATWY KOL QUOTNPWV 0PpLWV OTATIOTIKT|G
ONUOVTIKOTNTOS (P < 10 ®) Adyw Tou peydhou aplBuol Peuduwg

OeTikwv amoteAeopdTWY

Baolko KpLtrjplo a&loTiloTiOg TOU ATIOTEAECOTOG 1) AVEEAPTNTN

eniBePaiwon amd dAAN epeuvnTikn opdda o dAAov TANBuoud



Do puaKOYEVETIKN TNG olpBaotativine

f SLCOIBI kot puotdBeta

i rA 36365 — T
Pt 1077

~Logy P Value

9 W 11 12 13 14131617 19 EII‘ZX

Chromosomse

Figure 1. Results of Tests for a Trend in the Association between Myopathy and Each SNP Measured in the Genome-
wide Association Study.

Pvalues are shown for each SNP measured among 85 participants with myopathy and 90 matched controls who
were taking 80 mg of simvastatin daily. Analyses are based on 316,154 of the 318,237 SNPs (90.4%) on the Sentrix

HumanHap300-Duo BeadChip ([llumina). A result above the horizontal red line indicates strong evidence of an as-
sociation [Pz5=107).
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Figure 3. Estimated Cumulative Risk of Myopathy A ssodated with Taking 80 mg of Simvastatin Dially, According to
SLCO1B rs4149056 Genotype.

The SEARCH Collaborative Group. N Engl ] Med 2008; 359: 789-799



DappakoyeveTikn TGS Bapdapivng

A Association with CYP2C% and VEORCI

CYPICR VEORC

*2*3 compaosite
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B Asscciation with CYP4F2

i
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€ Warfarin and the ¥itamin K Cp:l:
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Figure 1. Warfarin Pharmacogenomics.

Panels A and B show Manhattan plots of P values (negative bog,g) for the association between single-nuclectide-
polymorphisms (SMPs) across the genome and the final warfarin dose. The horizontzl line indicates a Pvalue of
1.5¢1077, which is the lavel of genomewide statisticzl significance. In Panel A, the results of univariate regression
analysis highlight SMP signals in or near O P209 and WKORCL. In Panel B, the results of multivariate regression
analysis with adjustment for the contributions of CYP2C9 and VEORCT show the CYP4F 2 signal on chromaosome 19
{Data are from Takewchi et al**) The label =2 indicates the nonsynomymous SMP 151799853, *3 indicates the non-
sFRenymous SMP rs1057910, and the #2+3 composite indicates the SMP rs4917639. M denotes mitochondrizl SHPs.
Panel C shows the sites of action of warfarin in the vitamin K cpcle, as well 2s the roles of CYP2C9, CYP4FZ, and
VEORCI in this process.

Wang et al. N Engl | Med 201 |; 364: 144-53
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Kpttrpla eloaywyns papuoKoyEVETIKOU TECT
OTNV KALVIKN TTPAén
o AvoaAutikn a&lomiotia (analytical validity)
o Eivaun neEBodog akptPrig kot emavaAriPiun o ot adopd tnv
aviYVELOT TOU TIOAVHOPDLOMOY;
o KAwikn aélomiotia (clinical validity)

° YTIApXEL KAAT) QVTLOTOLY(O AVALEG GTOV YOVOTUTIO Kall TOV GavOTUTIO
(BeTikn] ko opvnTikny aia TPOBAEYNG TOU PaLVOTUTIOU);
o KAwvikn xpnotpotnta (clinical utility)
o Hxpnon mg pebodou emidpepet TEAKE KATIOLO OPEAOG TNV KALVLKT)
QVTLMETWTILON TOV aoBevoug;

> BonBael otnv eAattwon tou Adyou kéoToug/ opeAoU;
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* Adopd o€ PULIKPO TTIOGOOTO TWV KUKAODOPOUVTWY POPUAKWY

tharapeutic recommendations in FOW drug labels and tha Dutch Phamacogenatics Woeking Group [DFWG]

M\

Treatment modiMications 1o avokd ADFs Tratment modfications based on metabollc status Ambigues recommendations
FDB-only FD&-only DFWS-only coontd) FOW oy
CartamampinaHLA-B* 1507 CokicmIiCYFACD Matnpmiol CYF7 06 AzatioprnalTFAT
Decromathorphan and quin k! CYR? D6 DobazmiCYFAC1D Nortnphyina!C F2D5 Cartsoprodod CYFAC19
Amand! CF7 06 hopardonaiCY RIS Omeprasiel CYRFC19 CoMmanaiCYFEDE
Rastuncasa 35D Tetraba narna/CYFADS Chyoodona! CYR? DS Chioroguing! 35°D)
ThincarnaiCYFIDE WarfarmiCYFACD Faniopramia/ CYRF C19 Clopdngradl TR 19
WarfarmA X ORE | FaroaanaiC YRS Clompne/CYFADE
DPWG-caly Fhan procoumoniCYRF OO AT proleniCYFACD
EsTogen-confaning orel contracapties DPWG-caly Fhan procoummnea AL | AovsEmnaiCYFIDE
HOCsHFacior v Lavdkn ACAnOCOUTENCY R L0 PranylomiCYFAD InolRCEVLAZ TTA]
Tegatur and U WDFYD ACaroooumam A ORE 1 Fropatenona/CYFADS Marcapiopurnad FAT
A Fripbma/CYFRDS Rispendmna/CYFaDs PramyioinHLA- G150
Both FOA and DPWG ATTTIOp T FAT Sertralna/ CYRFCID Thaoguan ineil FAT
Abacanil HLA-* 5701 Domipramina!C {FAD5 Tamowr CYFPD6
Cap mtabnaiDFYD DopeiograbCYFAC 1D Thaoguan sl FRT
FRCrOUraClDF YD Doapind CYFF 06 Tramada YR 06
Esdisopramy CYRFC19 Wen i I/ FADS

EsomapEniw/CYFAC1D
Lansoprame/CYFAC19
FlaCa N CYFF 06
HalopardoWCYFaDS
MmNy FAC1D
M amneCT RS
Fingacan LET 141
MGz amopTnaT AT

SonooramsCTFAC 1D
Sucinpon ol CY RS

Both FDA& and DFWG
AprpRmR/CYFIDS
Alomomine! CIF7 06
CraiopamiCYFACT 9
Codeina/CYFDE

Chua & Kennedy. Frontiers in Pharmacology 2012; 3: 6
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Agundez et al. Frontiers in Genetics 2012; 3: |
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°  ATOTNAEG TIPaKTIKEG marketing

o EodaApéveg cUMBOUAEG LATPLKT]G

SLoYE(PLONG TWV ATIOTEAECUATWY
o 'EMenyn tumomoinong

° AoUuPwWVa OTTIOTEAECUATA OE
TtavopoldTuTia Selypata
o Mapoywpnon evaicOntwv

TIPOCWTILKWVY dedOUEVWV

There are reports of problems
with laboratory tests that have
not had FDA oversight: women

cancer; an ovarian cancer test,
marketed before the completion
of an NIH-funded study,® gave
false readings that reportedly led
to the unnecessary removal of
women's ovaries; and flawed,
mishandled data underlying a
test for Down’s syndrome were
discovered only days before the
test was to go on the market.

M EMGL)] MED 3634 MEJM.ORG JULY 22, 2010



newspaper, The Guardian, [120] chronicled the DTC test experience of journalist James

Randerson, who paid GBP£825 to the company mm testing 1n
only 42 genes. and a personalized consultation regarding the results. When he presented the

results to “five leading experts. . .[t] hey describe the predictions and advice from Genetic
Health as “poor’, “flawed”, ‘musleading” and ‘baloney™™. This may be amusing for geneticists
to read. but leaves members of the public only more confused. They might reasonably ask —
how can the media report weekly on the discovery of a new gene for some condition or trait,
and vet five experts call a consumer genetic test ‘misleading” and ‘baloney?” Are genomic
results useful in medicine or aren't they? And how 1s the average consumer supposed to know
what to believe?

AVAYKN EVNEPWONG TOU KOLVOU OYETLKA E TNV EPUNVELN OPWV TNG YEVETIKTG KL TWV

QTTOTEAECUATWY TWV YEVETIKWY TECT

AvAaykn ekTtald€UONG ETIOYYEALATLLOV TOU XWPOU TNG VYELQG YL TN owoTr] xprion/ eppunveia Twv
O/l teoT
Avaykn vopoBetikng pUBuiong tng dtaxeipiong tng mAnpodopiag ou oxetifeTal UE TO YEVETIKO

UALKO
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H epoppoyn TG PoppaKOYEVETIKIIG ATIEXEL AKOUN APKETA ATIO TO VAL
0OMNYNOEL OTNV EEATOUIKEVUEVT Bepameia

AuTO odeileTal KUPIWG OTO OTL N OYEON YOVOTUTIOU-PALVOTUTIOU Elval
TEAKA TTOAU TTL0 oUVOETT aTt’ OTL ElYOE APX LKA GAVTAOTEL

ATIOTEAEL OWG EVA LOYUPO EPEVVNTIKO KalL, EVOEXOMEVWG, OLOLYVWOTIKO
EPYQAELO KalL EXELT)OT CUVELOPEPEL ONUAVTIKE O0TNV EEEALEN TNG KALVIKTG
dapuakoroyiag

2TO MEAAOV QVOAEVETOL VO CUVELODEPEL OTNV ETITEVEN TNG
e€atopikevong tng Bepameiag, oe cuvouaouod pe AAAEG high through put
TEXVOAOYIES
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Clinical Pharmacogenetics Implementation Consortium (CPIC) of NIH’s

Pharmacogenomics Research Network
FDA Genomics
Pharmacogenomics Knowledge Base (PharmGKB)

Drug Bank

o http://www.drugbank.ca/
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acenocoumarol CYP2C9 @ a
acenocoumaral VKORCH @ am
acetaminophen CYP1A2
acetaminophen CYP2D6
acetaminophen CYP2E1
acetaminophen CYP3A4
afatinib EGFR
allopurinol HLA-B [oc T ca [ va |
amitriptyline CYP2C19 @ am
amitriptyline CYP2D6 amm
anastrozole ESR1 oL
anastrozole ESR2 DL
anastrozole BGR
aripiprazole CYP2D6
aripiprazole CYP3A4
aripiprazole HTR1A
aripiprazole HTR2A
arsenic trioxide BmML
arsenic trioxide RARA
atomoxetine CYP2D6
atorvastatin CYP3A4
atorvastatin HMGCR
atorvastatin LDLR
atovastatin SLCO1B1
azathioprine TPMT
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Dosing Guidelines

These dosing guidelines take into consideration patient genotype and have been published by the Clinical P 1etics Implementation Consortium 8

Royal Dutch Association for the Advancement of Pharmacy - Pharmacogenetics Working Group m (manually curated by PharmGKB), or other professional
society m (manually curated by PharmGKB).

Filter:| No Filter

Drug

abacavir

acenocoumarol

allopurinol

amitriptyline

aripiprazole

atomoxetine

azathioprine

capecitabine

carbamazepine

carvedilol

citalopram

Guidelines Updated

CPIC Dosing Guideline for abacavir and HLA-B

(£33 Dutch Pharmacogenetics Working Group Guideline for abacavir and HLA-B

m Dutch Pharmacogenetics Working Group Guideline for acenocoumarol and CYP2C9

m Dutch Pharmacogenetics Working Group Guideline for acenocoumarol and VKORC1

CPIC Dosing Guideline for allopurinol and HLA-B

&8 Professional Society for allopurinol and HLA-B

CPIC Dosing Guideline for amitriptyline and CYP2C19 _CYP2D6

(57 Dutch Pharmacogenetics Working Group Guideline for amitriptyline and CYP2D6

[E57 Dutch Pharmacogenetics Working Group Guideline for aripiprazole and CYP2DE

[E57 Dutch Pharmacogenetics Working Group Guideline for atomoxetine and CYP2DE

CPIC Dosing Guideline for azathioprine and TPMT

[EE7 Dutch Pharmacogenetics Working Group Guideline for azathioprine and TPMT

CPIC Dosing Guideline for capecitabine. fluorouracil. tegafur and DPYD

[E27 Dutch Pharmacogenetics Working Group Guideline for capecitabine and DPYD

(B2 CPIC Dosing Guideline for carbamazepine and HLA-B

[E27 Dutch Pharmacogenetics Working Group Guideline for carvedilol and CYP2D6

Duich Pharmacogenetics Working Group Guideline for citalopram and CYP2C19
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CPIC Dosing Guideline for abacavir and HLA-B

Summary

In individuals with the HLA-B*57°01 variant allele ("HLA-B*57-01-positive"), abacavir is not recommended and should be considered only under
exceptional circumstances.

Look up your guideline

Pick HLA-B alleles: Mo selection v | No selection v

Annotation
Please see below for full details of these guidelines. with supporting evidence and disclaimers.

Guidelines regarding the use of pharmacogenomic tests in dosing for abacavir have been
published in Clinical Pharmacology and Therapeutics by the Clinical Pharmacogenetics Implementation Consortium (CPIC).

Dewnload: article /- and supplement /-

Excerpt from the abacavir desing guidelines:

We agree with others™ that HLA-B*57:01 screening should be performed in all abacavir-naive individuals before
initiation of abacavir-containing therapy (see Table 1 below); this is consistent with the recommendations of the
FDA, the US Department of Health and Human Services, and the European Medicines Agency. In abacavir-naive
individuals who are HLA-B*57:01-positive, abacavir is not recommended and should be considered only under
exceptional circumstances when the potential benefit, based on resistance patterns and treatment history,
outweighs the risk.

“[Articles: 18826546, 19640227, 21174626, 21412232] Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents (PDF) -

Table 1: Recommended therapeutic use of abacavir based on HLA-B genotype

Likely phenotype Genotypes

Examy of Implications for R jations Classification of
diplotypes  phenotypic for abacavir recommendation
measures therapy for abacavir i
therapy 2
Very low risk of Absence of *57:01 alleles RPN E Low or reduced risk  Use abacavir per Strong
hypersensitivity (reporied as "negative” on a of abacavir standard dosing
(constitutes ~94% ° of genotyping test) hypersensitivity guidelines
pafients)
High risk of Presence of ai least one "57.01 *57.01X ©  Significantly Abacavir is not Strong
hypersensitivity (~8% of  allele (reported as "positive" ona  *57:01/57:01 increased risk of recommended
pafients) genotyping test) abacavir
hypersensitivity




K8 List Genetic Tests [Ph x

€ - C [ www.pharmgkb.org/views/viewGeneticTests.action e =
:* Apps Google = Cine.gr - Mpdyp... Gmail: Email fro... = Home - PubMe... [l Noozgr [ AMndoypowia:.. == BiBhoBrikn ANO [ Cell Biochemist... Ml Search Genomics > Ta... | Genetic Power ... W Linkage disequi... & HAPLOTYPING ... »

Knowledge.

g% PharmGKB HOME | PUBLICATIONS | FEEDBACK | SIGN IN | (@ | searcn ]

Genetic Tests

This is a non-comprehensive list of genetic tests with pharmacogenetics relevance. typically submitted by the manufacturer and manually curated by
PharmGKB. The information listed is provided for educational purposes only and does not constitute an endorsement of any listed test or manufacturer.

A more complete listing of genetic tests is found at the Genetic Testing Reqistry (GTR).
Genetic Test Genes Related Drugs
LabCorp Cystic Fibrosis (CF) Gene Sequencing CFTR ivacaftor
Roche AmpliChip CYP450 Test CYP2C19  amitriptyline, clomipramine, clopidogrel, codeine. desipramine, doxepin,

CYP2D6 esomeprazole, fluoxeting, imipramine, metoprolol, nortriptyling, omeprazole.
paroxetine, phenytoin, risperidone, tamoxifen, frimipramine

DMET Plus (Affymetrix, Inc) CYP2C19  amitriptyline, azathioprine, clomipramine, clopidogrel, codeine, desipramine, doxepin,
CYP2C9 fluoxetine, imipramine, mercaptopurine. nortriptyline, paroxetine, simvastatin,
CYP2D6 thioguanine, trimipramine, warfarin

SLCO1B1
TPMT
VKORCH
VeraCode ADME Cere Panel (lllumina, Inc) CYP2C19 amitripf yhﬂe. clomipramine, clopidogrel, codeine, desipramine, doxepin, fluoxetine,
CYP2CO  mipramine, nortriptyline. paroxetine, simvastatin, frimipramine, warfarin
CYP2D6
SLCO1B1
VKORCHA

TaqMan Drug Metabolism Genotyping Assay Sets CYP2C19 amitriptyline, clomipramine, clopidogrel. codeine, desipramine, doxepin, fluoxetine,

(Applied Biosystems, Inc) CYP2C9 imipramine. nortriptyline. paroxetine. trimipramine, warfarin
CYP2D6
VKORCH
Laboratory Corporation of America CYP2C19  amitriptyline, clomipramine, clopidogrel. codeine, desipramine, doxepin, fluoxetine,

CYP2D& imipramine. nortriptyline. paroxetine. trimipramine:

Quest Diagnostics. Inc CYP2D6 amitriptyline, clomipraming, codeine, desipramine, doxepin, fluoxeting, imipraming.
nortriptyline, paroxetine, trimipramine

TheraGuide 5-FU DPYD EEQEEI[ED\HE. fluorouracil
TYMS
Genelex Fluorouracil (5-FU) and DPD Enzyme DPYD EEQEEI[ED\HE. fluorouracil
Deficienc[
— . . i
9 Y . _ 214PM
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PATHWAY
Clopidogrel Pathway, Pharmacokinetics

Qveniew ” Compaonents H Downloads/LinkOuts

Pharmacokinetics

= Legend

« Pathway diagram /-

« How to cite this pathway?
+ All PharmGKB pathways

Clopidogrel metabolism.

~
e — Click icons in pathway for more info

EE e

Liver cell

Elimination - 70
{urine; feces)

Platelet

Description

Clopidogrel, a thienopyridine derivative, binds specifically and irreversibly to the platelet P2RY 12 purinergic receptor. inhibiting ADP-mediated platelet
act ggregation [Aricle: 11127873]: [Article: 15199474
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Table of Pharmacogenomic Biomarkers in Drug Labeling

Pharmacogenomics can play an important rele in identifying responders and non-responders to medications,
avoiding adverse events, and optimizing drug dose. Crug labeling may contain information en genomic
biomarkers and can describe

&g

Additional Research Areas

Genomics
# Drug exposure and clinical response variability
Overview of the Genomics and = Riskfor adverse events
Targeted Therapy Group = Genotype-specific dosing
Presentations on Genamics # Mechanisms of drug action

» Polymorphic drug target and disposition genes
Publications an Genomics The table below lists FD.

pp d drugs with in their labeling. The labeling

for some, but not all, of the products includes specific actions to be taken based on the biomarker information

Biomarkers in the table include are not limited to germline or somatic gene variants, functional deficiencies,
1changes, and cf abnormalities.

This table dees notinclude nen-human genetic biomarkers (e.g., viral or bacterial) i.e., microbial variants that
influence sensitivity to anti-invectives, biomarkers that are used solely for diagnostic purposes unless they are
linked to drug activity or used to identify a specific subset in whom prescribing information differs (e.g., for
genetic diseases). Therapeutic areas do not necessarily reflect the FDA review division

Pharmacogenomic information can appear in different sections of the labeling. Relevant sections of the
Iabeling with such information are noted in the last column of the table. For more information on the relevance
ofinformation in various parts of drug labeling (e.g. Indications and Usage, Dosage and Administration, Boxed
Warning, etc.), please refer to the appropriate Iabeling guidance. For information on the FDA's initiative to
improve prescription drug labeling, visit the FOA/CDER Learn website.

Pharmacogenomic Biomarkers in Drug Labeling

Therapeu | Referenced Labeling A
Drug Area M Subg Sections &

Abacavir Infectious HLA-B HLA-B*5701 allele Boxed Warning,
Diseases carriers Contraindications,
Warnings and
Precautions,
Patient
Counseling
Information
Ado-Trastuzumab  Oncology ERBB2 HERZ protein Indications and
Emtansine overexpression or Usage, Warnings
gene amplification and Precautions,
positive Adverse
Reactions,
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DrugBank version 4.0 beta is now online for public preview! Take me fo the beta site now.

Searcht | Search DrugBank Search | Help / Advanced

The DrugBank database is a unique bioinformatics and cheminformatics resource

that combines detailed drug (i.e. chemical, pharmacological and pharmaceutical) data TWeets

with comprehensive drug farget (i.e. sequence, structure, and pathway) information. \Wishart Lab

The database contains 6825 drug entries including 1541 FDA-approved small @WisharLab

molecule drugs, 150 FDA-approved biotech (protein/peptide) drugs, 86 nutraceuticals .y qgank 4.0 beta is now online at

and 5082 experimental drugs. Additionally, 4323 non-redundant protein (i.e. drug veta.drugbank ca. Still work to do but feedback
target/enzymeitransporter/carrier) sequences are linked to these drug entries. Each is appreciated! #pharmacoleg
DrugCard entry contains more than 150 data fields with half of the information being ~~ #Pharmacy

devoted to drug/chemical data and the other half devoted to drug target or protein Expand

data.

Wishart Lab

WishariL
DrugBank is supported by David Wishart, Departments of Computing Science & i can@mli :m:; S

Biological Sciences; University of Alberta. (drughank calreactions)in DrugBank, data is in

i : i BETA. Feedback appreciated, more data coming
DrugBank is also supported by The Metabolomics Innovation Centre, a Genome soan! #drugbank

Canada-funded core facility serving the scientific community and industry with world-  Expand
class expertise and cutting-edge technologies in metabolomics.

|_nad Mnra

IMore about DrugBank  Compose new Tweet .

Recent Comments

PEOPLE RECENT POPULAR

Recent Comments

Vivian Law
m Hi Franci, Thanks for the comment! The correct ATC code for cyclophosphamide is LOTAAQ1. We're finishing up an
upgrade to the database right now and will remove L01DBO07 from the DrugCard. Cheers,
4 months ago
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_ I | | transporters (1 ‘ Show Drugs with Similar Structures | for | Al v | drugs

Identification
| clopidogrel
DB00758 (APRD00444)

small molecule

approved. nutraceutical

Clopidogrel. an antiplatelet agent structurally and pharmacologically similar to ticlopidine, is used to inhibit blood clots in a
variety of conditions such as peripheral vascular disease. coronary artery disease, and cerebrovascular disease.
Clopidogrel is sold under the name Plavix by Sanofl and Bristol-Myers Squibb. The drug is an irreversible inhibitor of the
P2Y12 adenosine diphosphate receptor found on the membranes of plaielet cells. Clopidogrel use is assotiaied with several
serious adverse drug reactions such as severe neutropenia, various forms of hemorrhage. and cardiovascular edema.

Download: MOL | SDF | SMILES | InChl
| Display- 2D Structure

SR-25930C

« Clopidogre! Bisulfate




P i kT
«® DrugBank: Clopidog' x % |

v‘l €« - C  [J www.drugbank.ca/drugs/DB00758#interactions
Google = Cinegr - Mpéyp... B Gmail: Email fro.. = Home - PuoMe... [l Noozgr =] AMnioypaoic:.. == Biphwo8rkn ANO [l Cell Biochemist.. M Search & Genomics = Ta.. [ Genetic Power .. W Linkage disequi... 1 HAPLOTYPING ...

Interactions

\2 Dug  memeion
" Moderate CYP2C19 Inhibitors like bortezomib may decrease serum concentrations of the active
metabolite(s) of Clopidogrel. Avoid concurrent use of moderate CYP2C19 inhibitors with clopidogrel
whenever possible_ If such a combination must be used, monitor closely for evidence of reduced
clinical response to clopidogrel.

Antiplatelet agents such as clopidogrel may enhance the adverse/toxic effect of Drotrecogin Alfa.
Bleeding may occur. Increase monitoring for signs/symptoms of bleeding during concomitant therapy.
If possible, avoid use of drotrecogin within 7 days of use of any lib/llla antagonists, higher dose aspirin
(more than 650 mg/day). or use of other antiplatelet agents.

Baortezomib

Drotrecogin alfa

E: prazole may d serum 15 of the active metabolite(s) of clopidogrel. Due to
the possible risk for impaired clopidogrel effectiveness with this combination, clinicians should
carefully consider the need for concurrent esomeprazole therapy in patients receiving clopidogrel.
Monitor response to clopidogrel closely when using clopidogrel with esomeprazole. Whether there are
differences among individual proton pump inhibitors is unclear. Other acid-lowering therapies (2.g..
H2-receptor antagonists, antacids, etc.) do not appear to share this interaction with clopidogrel.
Clopidogrel, when used concomitantly with etravirine (a CYP2C19 inhibitor), may experience a
Etravirine decrease in the serum concentrations of it's active metabolites. Caution and close monitaring for
decreased efficacy of clopidogrel is recommended.

Esomeprazole

. Additive anticoagulant/antiplatelet effects may increase bleed risk. Concomitant therapy should be
Ginkgo biloba avoided.

Lansoprazole may decrease serum concentrations of the active metabolite(s) of clopidogrel. Due to

the possible risk for impaired clopidogrel effectiveness with this combination, clinicians should

carefully consider the need for concurrent lansoprazole therapy in patients receiving clopidogrel.
Lansoprazole

Maonitor response to clopidogrel closely when using clopidogrel with lansoprazole. Whether there are

differences among individual proton pump inhibitors is unclear. Other acid-lowering therapies (e.g..

H2-receptor antagonists, antacids, etc ) do not appear to share this interaction with clopidogrel

Omeprazole may decrease serum concentrations of the active metabolite(s) of clopidogral.
Clopidogrel prescribing information recommends avoiding concurrent use with omeprazole, due to the
possibility that combined use may result in decreased clopidogrel effectiveness.

Pantoprazole may decrease serum concentrations of the active metabolite(s) of clopidogrel. Due to
the possible risk for impaired clopidogrel effectiveness with this combination, clinicians should
Pantoprazale carefully consider the need for concurrent pantoprazole therapy in patients receiving clopidogrel
~antoprazo'e Monitor response to clopidogrel closely when using clopidogrel with pantoprazole. Whether there are
differences among individual proton pump inhibitors is unclear. Other acid-lowering therapies (2.g..
H2-receptor antagonists, antacids, etc.) do not appear to share this interaction with clopidogrel.

Rabeprazole may d serum ions of the active ) of clopidogrel. Due to
the possible risk for impaired clopidogrel effectiveness with this combination. clinicians should
Rabeprazole carefully consider the need for concurrent rabeprazole therapy in patients receiving clopidogrel.
Babeprazole Monitor response to clopidogrel closely when using clopidogrel with rabeprazole. Whether there are
differences among individual proton pump inhibitors is unclear. Other acid-lowering therapies (e.g..
H2-receptor antagonists, antacids, etc ) do not appear to share this interaction with clopidogral

Antiplatelet agents such as clopidogrel may enhance the anticoagulant effect of rivaroxaban. Avoid
concurrent use of clopidogrel with rivaroxaban unless the anticipated benefits outweigh the risks of
bleeding. Canadian rivaroxaban labeling recommends avoiding concurrent use with any antiplatelet
agent, while the U.S. rivaroxaban labeling recommends caution and increased monitoring if used with
any other antiplatelet agent. Any combined use should only be undertaken with increased monitoring
for evidence of bleeding.

Rivaroxaban

The prostacyclin analogue. Treprostinil, increases the risk of bleeding when combined with the
antiplatelet agent, Clopidogrel. Monitor for increased bleeding during concomitant thearpy.
Increased bleed risk may occur as a result of additive anticoagulant effects. Increase monitoring for
signs and symptoms of bleeding during concomitant therapy.

Treprostinil

Warfarin

Not Available
227 PM
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