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3. PapMakKOreHeTHUYHI aClieKTH CIIaAKOBUX I1aTOAOTIN

SaBmanua 1. OOroBopuTH PpapMaKOTEeHETHUKY Ta ii 3aBJaHHdA

PapMakoreHeTHKAa — HayKa, 110 BUBYAE 3aA€XKHICTh PEaKILii
opraHi3My Ha AiKyBaAbHIi 3aCO0M Bif CITaIKOBUX YMHHHKIB, a8 TAKOXK
PEHETUYHI 0CO0AMBOCTI IIalli€eHTa, III0 BIAMBAIOTL Ha HOTIO
dapMaKOAOTIYHY peakllito.

MeTa thapmMakxoreHeTHKH - JOCAIIPKEHHS B3a€EMO3B'93Ky MK
FeHETUYHUMM BapiallidMU Ta BIANOBIAAIO HA AIKM Yy KOHKPETHUX
namieHTiB. ['oAOBHOIO MeToI0 (papMaKOTeHETUKU € 3a0e3lIedYeHHs
1HAWBIAyaAbHOTO MiAX04Yy 00 AIKyBaHHd, 3 YpaxyBaHHSIM I'€HEeTHIHNX
0COOAMBOCTEY KOKHOTO IallicHTa.

OcHoBHiI 3aBzmamHa (apMaKOT€HETUKHU IIOASITAIOTh B
HaCTyIIHOMY:

v’ BUSIBA€HHSI T€HETHYHUX MAapKepiB, dKi BIIAMBAIOTH Ha
ePeKTUBHICTH Ta 0e3MeKy AIKapChbKUX 3aco0iB;

v/ po3pobKa TEeCTIiB A BH3HAYEHHS HASIBHOCTI TaKHX
FeHETUYHUX MapKepPiB y IMAIli€HTIB;

v/ BCTAHOBAEHHA 3B'dI3Ky MiXX HasSIBHICTI0O T€HETHYHHX
MapKepiB Ta epeKTHUBHICTIO Ta OE€3MEKOI0 AiKiB;

v po3pobKa iHAUBiAyaAbHUX PEKOMEHIATITIH 111010 103YBaHHST
Ta PEXUMY IIPUHOMY AIKApPCBKUX 3aco0iB Ha OCHOBI
FeHEeTUYHUX 0COOAMBOCTEH MAallieHTa;

v BUSBAGHHS HOBHUX MOAEKYA, $Ki MOXYTh OyTH
HOTEHIIIMHUMH AlKaMM, 3 YypaxyBaHHSM TI'€HETHYHHX
Bapialliyi maii€HTiB.

dapmMakoreHeTHUKa MOXKE AOIIOMOITH 3MEHIIHWUTH HETraTHUBHUMI
BIIAUB AiKApPCBKUX 3aco0iB Ha 3O0POB'S MAIli€HTIB, MTOKPAIATU



OCHOBH MEOHWUYHOI TEHETHKH

e(peKTUBHICTD Ta 6e3IeKy AIKyBaHHd, a TaKO3XK 3MEHIIIUTH BUTPATH
Ha AIKyBaHHS 3a PaxyHOK IHAUBIAYAABHOTO HIAXOAY A0 IPHU3HAYEHHS
AiKiB. OpmHiero 3 3amad papMakKOT€HETUKH € BUBYEHHSI BIIAUBY
PeHeTHUYHUX Bapialliil y BiAIIOBIiAAX Ha AiKH.
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Maaronok 1: IHTerpaimis AgaHUX HACTYIIHOTO ITOKOAIHHS
IIOCAIIOBHOTO aHAaAidy y HOPUUHSTTS PIIHIeHb IIOA0 AlKyBaHHS.
3BuyaiiHe AIKyBaHHS BKAIOYAa€E KAIHiIYHI, aemorpadidyHi Ta iHII
iHAUBIiAyaAbHI aHi TAIliEHTa, aA€ He BUKOPUCTOBYE iHpopMallito IIpo
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F€eHOTUII MallieHTa (AiBa KOAOHKa). Ha BiaMiHy Bimg 1IbOTO,
dapMaKoTreHeTUYHO-OPIEHTOBAHE AIKyBaHHSA BUKOPHUCTOBYE
reHeTUYHY iHdopMallito a4 iHAUBiAyaai3allii AikapchKoro 3acoby Ta
[J03yBaHH4 (IpaBa KOAOHKA). [As 1bOTo imeHTUDIKYETHCSI IPodiAb
BapiaHTIB, cHeuu@iuHUX [OAs KOXKHOIO IlallieHTa, 3 [JaHux
IIIAKOBUTOTI'O €K30MHOT0 a60 reHOMHOTro ceKBeHyBaHHsI (WES Ta WGS,
BiAIOBiAHO). BimoMmi BapiaHTH IHTEPHPETYIOTHCA HA OCHOB1 HadBHUX
peKoMeHgalliii, ToAl K PIAKICHI Ta HOB1 Bapiallii 3 HEBIIOMUMH
OYHKIIIOHAABHUMHM HaCAiIKAMH  OIIHIOIOTHCA 3a  JOIIOMOIOIO
KIABKICHUX OOYHCAIOBaABHHUX AaATOPUTMIB TIlepeadadeHHs, sKi
CITeIiaAbHO HaB4YeHi Ha papMaKOTeHETUYHUX JaHUX. YK Bimomi, Tak
i HeBimOMi BapiaHTH iHTErPYIOThCs B 0aAl aKTHUBHOCTI, SIKi I10JaAbIIIE
IIEPEKAQOAIOTECd B  IHAUBIAyaAbHI HPOTHO3U  €PEeKTHUBHOCTI
AIKapChKHUX 3acobiB Ta iX CXUABHOCTI 0 BUKAMKAHHS HebaskaHUX
peakilii Ha aAiku. Ha ocHoBi 1i€i iHdopmallii QopMyrHOTHCS
IHAUBiAyaAbHI IPOTHO3U €(PEKTHUBHOCTI AIKAPCBKUX 3aco0iB Ta ix
CXHUABHOCTI M0 BHKAMKAHHS HeOaxKaHUX peakllii Ha AiKH, II0
BUKOPHCTOBYIOTECH 9K JUPEKTUBU A IPUWHATTI KAIHIYHUX PIIIIEHD
1010 IPU3HAYEHHS AIKIiB.

3aBOaHHA 2. [Ipuraanu po3B’d3aHHA  334a4 3
dapmakoreHeTUKU

JlocaimuTy BIIAMB T€HETUYHUX Bapialii Ha
e(peKTUBHICTB Ta 6e311eKy AIKyBaHHS aHTUKOATyAdHTaAMU Y IMalli€HTIB
3 pibpuasIli€ro Iepeacepab.

Di0puadIlid Hepencepanb - 1€ IOPYLIEHHS PUTMY
ceplisd, sSKe MOXKe NIPU3BOAUTH OO0 PU3UKY TpomMboeMOOoATIHIX
yCcKAaaaHEeHb. AiKyBaHHs Qibpuadlli mepeacepab 3a3BUdail BKAIOYUAE B
cebe TIPU3HAYEHHS AaHTHUKOATYASHTIB, £Ki 3MEHIIYIOTh PHU3UK
yTBOpeHHS TpoMbOiB. OpgHak, edeKTUBHICTE Ta  Oe3reka
AHTHUKOATyASdHTIB MOXKYTb BIAPI3HATUCA Y PI3HUX ITALIIEHTIB 3aA€2KHO
Bi/Jl TEHETUYHUX OCOOAUBOCTEMH.

[ass mocaimkeHHsT 11i€ei mpobAeMH MOXKHa IMIPOBECTH aHaail3
reHeTUYHUX Bapialliii, 9Ki MOXKyTb BIIAUBaATH Ha MeTaboaiaM Ta
e(peKTUBHICTh aHTUKOATYASIHTIB y mnaunieHTiB. Hanpukaazn, Bapiartii
reHa CYP2C9 Moy Th BHAUBATH Ha MeTab0Ai3M BapdapUHYy - OTHOIO
3 HaWMOIINPEHIIIINX aHTUKOATYAdHTIB, 1[0 BUKOPHUCTOBYIOTBCS OAS
NpopiAaKTUKN TPoMO0OeMOOAIYHUX yCKAaHEHb. Bapiallii reHa
VKORC1 Takoxk MOXKYTh BIIAUBATH Ha ePEeKTUBHICTh BapdapUuHy.

[TicaAds aHaaidy TeHEeTHUYHHX Bapialliii MOXKHa pPO3pOOUTHU
IHAUBIAyaAbHUMN IIAXI 40 [IPHU3HAYEHHd AaHTHUKOAryAdHTIB Y
aIliEHTIB 3 PIOPUASIITIEIO TIEepencePab.
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Y monyasiii gacrora reHoruny CYP2C9 *1 /*1
CTaHOBUTBL 55%, *1/*2 - 35%, a *2/*2 - 10%. Aru# BiACOTOK
HaCeA€HHd MOXKE€ MaTH BHCOKHH PHU3UK I'€eMOpParidyHUX YCKAAIHEHD
IpU AIKyBaHHI BapdapuHOM?
[ast  BupinieHHd 1i€ei 3amadi  moTpibHO
BUKOPHUCTATU 3HaHHS IIPO B3aEMOMil0 MiXK BapdapuHoOM Ta
depmenTom CYP2C9. BapdapuH - 11e aHTHUKOATryAdHT, SIKUH 4acTo
BUKOPUCTOBYETHCS  [OAS IPOoPIAAKTHKH  TPOoMOOoeMOOATIHIX
yckaamHeHb. PepmentT CYP2C9 BignoBimae 3a wMeraboaism
BapdapuHy, TOMYy HOr0 aKTUBHICTb MOXKe BIIAUBATU Ha e(DEKTUBHICTb
AlKyBaHHS BapapUuHOM Ta PU3UK I'eMOpariyHUX YCKAQOHEHD.

Fenorun *1/*1 BinnoBimae 3a HOpMaAbHY aKTUBHICTh (DEPMEHTY
CYP2C9, *1/*2 - 3a 3HUKEHY aKTUBHICTb, a *2 /*2 - 3a my>Ke HU3bKY
aKTUBHICTh. Atogu 3 reHotunamu *1/*1 Ta *1/*2 MoxXkyTb OyTH
BimHECEeH1 00 TPyNHy 3 HU3BKUM PU3UKOM '€ MOPAaTriYHUX YCKAATHEHD,
TO/1 IK AIOAY 3 TEHOTUIIOM *2 /*2 MOXKyTb OyTH BiTHECEH]i 40 TPyIIHU 3
BHCOKHM PHU3UKOM.

ToMmy, mass OOYHCAEHHSI BiACOTKY HAaCEA€HHS 3 BHCOKHUM
PHU3UKOM, HEOOXiTHO BU3HAYUTH YaCTOTy reHoTuny *2/*2. 3rigHo 3
YMOBOIO 3371a4i, I1d yacToTa cTaHoBUTH 10%.

Orxke, B momyadaiii 10% HaceaAeHHSI MOXKYTh MaTH T€HOTHII
*2/*2, 1m0 NPU3BOAUTH [0 BHCOKOIO PU3UKYy TeMOpPariyHuxX
YCKAQOHEHD IIPU AIKyBaHHI BappapuHOM.

[TartieHT 3 AiabeToM He BimuyBae IMMOKpPAIEeHHS ITiCAST

OpHU3HAUYEHHSI 1HCYAIHYy. [€HEeTHW4YHi TeCTH BHSBUAU HAasIBHICTH

BapiaHTy IeHa, 9KUMH BIIAMBa€ Ha MeTabOAi3M IIbOTO AIKapPCHKOTO
3acoby. SKi MOXKAMBI HAaCAIIKY Ta pillleHHd y Lifi cuTyarii?

3Baxkaro4yu Ha reHeTUYHi OCOOAMBOCTI ITaIlieHTa,

Horo opra”isM Mozke OyTH MeHII eQEeKTHBHUM y MeTabdoAidMmi

iHCyAlHY. Lle Moxke NpU3BECTHU A0 HECTadi 1HCYAlHY B OpraHiaMi Ta

IOTIPIIIEHHS CTaHy XBOPOro, a TAKOXK PO3BUTKY IHIINX YCKAQIHEHbD.

JAst BUpinieHHd i€l mpobaeM U MO3KHA BUKOPHUCTATH PE3YABTATU
reHEeTUYHOI0 TeCTyBaHHs, 11100 BU3HAYUTH, 9Ki 'eHH BiIIOBiAaoTh 3a
MeTaboAIi3M 1HCyAIHY Yy KOHKPETHOIO IIallieHTa. 3aAekHO Bif
PE3yABTATIB TECTYBAaHHS, MOXKHa IIPU3HA4YUTH IHANUBIAyaAbHY O03Y
IHCYAIHY JIAS IAITIEHTA, 11100 3a0e3MMeYuTH HOMY OIITUMAaAbHY TePallito.
Takox MOJKHa PO3TASITHYTH  MOIKAUBICTH  BUKOPUCTAHHI
aAbTEepPHATUBHUX ITperapariB, siKi MOXKYTb OyTH 6iAbIll e(peKTUBHUMU
JIASI 1TBOTO TIAIliEHTA, BPaxXOBYIOYH HOTr0o TeHeTUYHi ocobAanBoCTI. KpiMm
TOr0, MOXKe OyTH KOPHUCHHUM ITPOBECTH PETYAIPHE MOHITOPHUHT PiBHSA
I[yKPy B KpOBi HallieHTa Ta HOro cTaHy 3araaoM, Io00 BYaCHO
KOPUTYBaTH 03y Ta IpernapaTH, Kl BUKOPUCTOBYIOTHCHA B Tepartii.
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Table 1: Selection of clinically relevant pharmacogenomic germline

biomarkers.
Selected
Genetic population Enzyme Example Clinical outcome .
. . . .. Implementation Ref
variants frequencies, | function drugs and significance
(in %)
Drug toxicity associations
CYP2B6*%6 375 Reduced | Efavirenz Neurological Implementation not likely 204
T (African) ' symptoms, OR=48.1 P Y
I EE

CYP2D6%Ix 3.3 (African) | Increased C

N . Opioid overdose, _ 205

CTPDE x ) Codeine Case study Black box warning

?\'[ - =" | 6 (African) Increased )

Fluoropyri Systemic toxicity
midines including diarrhea,

DPYD*24 2.4 (Finnish) | Reduced | (capecitabi | neutropenia, Testing becoming x
ne, thrombocytopenia increasingly implemented
fluorouracil | and cardiotoxicity, globally
and *24: OR=15.2;
tegafur) HapB3: RR=1.59

DPYD 21 207

HapB3 (European) Reduced

Myelosuppression
. 40.4 . and h 15
UGTI1AI*28 . Reduced | Irinotecan ) . Testing recommended
(African) neutropenia,
OR=9.3
TPMT*34 | 43 (Latino) | Reduced Myelosuppressigh.
Heterozygote:
Thiopurines | OR=4.6; Testing recommended 208
TPMT*3C 4.8 (Aﬁ"ican) Reduced H()mozyg(}te;
OR=18.6
Myopathy and
. . rhabd lysis,
21.2 Simvastatig ;I:tel‘ggzzt?ls Prescription mostly limited
SLCOIBI*3 - Reduced | (80 o P 1
(Finnish) , OR=4.5; to 40mg/daily.
mg/day) .
Homozygote:
OR=16.9
) : Liver injury,
Neal IRF6, 17 (Finnish) | - Interferon-f | OR=8.3 (Mixed Further validation required | 2
152205986 .
population)
. Abacavir
9.3 (Sni o
HILA- - . hypersensitivity . . 200
B*57-0] aﬁl;i;lin) - Abacavir syndrome, OR=960 Testing required
i (Australian cohort)
8.8 Severe cutaneous Implementation promising
HLA- (Mongelia), . adverse reactions. . ; 13
B*55-01 73 - Allopurinol OR=580 (Chinese fc())r zlﬂ:xlsalggli::lultnes and
(Chinese) cohort) pop
Stevens—Johnson
73 syndrome and toxic
HLA- (Chinese), Carbamaze | epidermal Testing required in Asian 31
B*15:02 22% ) pine necrolysis, countries and populations
(Philippine) OR=2504 (Chinese
cohort)
Drug reaction with
10.1 cosinophilia and
HILA- (Mexican), Carbamaze i P Testing recommended in 210
) - . systemic symptoms, .
A*31:01 23 pine e i some counfries
(German) OR=57.6 (European
cohort)
1.4
HIA- (European), I .
B*55-01 3.8 - Penicillin giiclﬂém(gfg ggé‘n) Implementation not likely 3
T (Ashkenazi ’ P
Jewish)
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Formation of
Infliximab antibodies that cause
HLA- 20 and treatment resistance Timely implementation not | 5
DQAI*05 (European) i adalimuma | in patients with likely
b Crohn’s disease,
HR=1.9 (European)
Drug efficacy associations
12.6 Reduced
CYP2C972 (European) Reduced inactivation of 211
11.3 (South Warfarin warfarin, *2: Implementation not likely
CYP2C9%3 | Asian), 5.6 Reduced '=3.8%; *3: ’=8%
(European) (Swedish)
32'.4 (South Reduced
Asian), 30.83 bioactivation of the
CYP2C19*2 | (East Asian). | Reduced | Clopidogrel ) 2 1mor Implemented in some sites |
18 3 prodmug, r=12%
(Buropean) (European)
Increased
inactivation to 5-
Triple hydroxyomeprazole
23.1 proton n
(European). pump H. pylori eradication
gypgc}g ! ?fgﬁg‘ican), Increased ;?;IP&LOS;Y t_gelz};yu 1E1 adication Implementation not likely .| *2
1.5 (East cin— ultrarapid
Asian) amoxicillin | metabolizers and
therapy 97.8% in poor
metabolizers
(Japanese)
CYP2D6*3 41 . Inactive
(European)
19.6 _
] Reduced effect from
(European). tiv tabolite
CYP2D6*4 | 18.2 Inactive | Codeine active me . Implementation not likely | **
’ . (morphine). OR>7
(Ashkenazi (European)
Jewish) P
* 6.5 (East -
CYP2D6*5 Asian) Inactive
Reduced levels of
VIR K. Implementation not likely.
90 (East . dihydFeguiriogic, also due to increased
VKORCI*2 . Reduced | Warfarin thus decrease the ' o 2
Asian) . e prevalence of direct oral
carboxylation of .
. ) anticoagulants
coagulation factors,
1’=28.3% (Swedish)
TImproved lung
function measured
by forced expiratory
s volume in 1 second.
P Variant carriers
g{;{ﬁ) gﬁﬁman)’ Reduced . | Ivacaftor 1'ecie\-'_jng i\-’acaftor Testing required »
(European) were 55% less likely
to have a pulmonary
exacerbation than
receiving placebo
(Mixed population)
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Table 3: Overview of publically available resources and databases that

provide information regarding the occurrence and clinical implication of

pharmacogenomic variations.

Database Purpose Website
The Curated information about the role of genetic | https://www.pharmgkb.org/
Pharmacogenomics | variation on drug response including pathways, very
knowledgebase important pharmacogenes, variant annotations,
(PharmGKB) clinical guideline annotation, drug label annotations,
clinical annotations
The Drug Gene | Website for gathering information on known drug- | http://dgidb.com/
Interaction gene interactions and the druggable genome
Database (DGIdb) extracted from over 30 reliable sources
The side effect | Web resource that contains information on marketed | http://sideeffects.embl.de/

resource (SIDER 2)

medicines and their recorded adverse drug effects
extracted from public documents and package
inserts. The information includes 1430 drugs, 5868
side effects, 139756 drug-side effect pairs, and 39.9%
pairs with frequency information.

Search Tool for the

Database of known and predicted protein-protein

https:/ /string-db.org/

Retrieval of | interactions covering 24’584’628 proteins from 5090

Interacting organisms.

Genes/Proteins

(STRING)

Search tool for | Database of known and predicted interactions | http://stitch.embl.de/
Interaction of | between chemicals and proteins covering 9'643'763

Chemicals (STITCH) | proteins from 2031 organisms,

Comparative Database that provides information about chemical- | http://ctdbase.org/
Toxicogenomics gene/protein interactions, “wchemical-disease and

Database (CTD) gene-disease relationships.

Catalogue of | Aresource for somaticmutations in human cancer. https://cancer.sanger.ac.uk/c
Somatic Mutations osmic

in Cancer (COSMIC)

Genomics of Drug

Website for fidentifying drug response data and

https://www.cancerrxgene.or

Sensitivity in | genomic <markers’ of sensitivity covering 518 | g/
Cancer compounds targeting 24 pathways.
Promiscuous Database for an exhaustive set of drugs annotated | http://bioinformatics.charite.
with drug-protein and protein-protein relationships | de/promiscuous
compiled from public resources via text and data
mining including manual curation.
Pharmacogene Catalogue of genetic variations impacting drug | https://www.pharmvar.org/
Variation metabolism, disposition and response.
Consortium
(PharmVar)
The Transporter | A database that provides information about transport | http://www.tcdb.org/
Classification proteins from organisms of all types
Database (TCDB)
Pharmacogenetics A list of drug metabolizing (ADME) genetic | http://pharmaadme.org/joom
of Absorption, | biomarkers that are useful in drug development la/
Distribution,
Metabolism, and

Excretion genes
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3aBmaunua 3. CuTyaTuBHI 3a7a4i 3 (PapMakKOT€HETUKU [AS
CaMOCTIMHOIO BUPIIIIEHHS

3amada 1. [laitieHT 3 Henpeciero He BiAUyBa€ HOKPAIIIEHHH ITiCAsT
IpU3HAYEHHS aHTHACIIPECAHTY. MOro TeHeTHWYHi TEeCTH II0Ka3aAH
HasgBHICTh BapiaHTy I'eHa, AKUU BiAlIoBimZae 3a MeTaboAi3M IIHOTO
AlKapchKoOro 3acoly. JKi MOXKAWBI HaCAAKU Ta pillleHHS y I
cCuUTyarii?

3amaua 2. XKiHka, aka rpuiiMae NpoTHU3aasbHUM 3aci0, rogasa
Big4yBaTH HenpuEMHi T06i4Hi ecbekTH. [i reHeTHYHI TeCTH BUABHAK
HasBHICTh BapiaHTy TIeHa, AKUH BiAnoBimae 3a OOpPOOKYy IIHOIO
AlKapchbKOTO 3aco0y B opraHi3Mi. JIKi MOXKAMBI HACAIIKY Ta PillleHHS
y Li¥ cuTyarii?

3azada 3. Aikap Xo4ye IPU3HAYUTU aHTUKOATyASHT HAIlIEHTY,
AKUHN Mae icTopito TpoM0o03iB. [€eHeTUYHIi TeCTH IT0Ka3asu HasgBHICTh
BapiaHTy reHa, SKUH BIIAMBA€E Ha peakilito Ha 1iefl AikapCcbKUi 3acib.
9Ki MOXKAUBI HACAIZKY Ta PIIIEHHS y LM CUTyallii?

3amagya 4. IlamieHT 3 apTepiasbHOIO TIIEPTEH3IEI0 Mae
MMiABUINIEHY PIiBEHb II00iYHUX e@EeKTIB IIiCAT ITPU3HAYEHHS
AHTUTINIEPTEH3UBHOIO0 3aco0y. [eHeTHYHi TeCcTHu IoKa3aAu HasgBHIiCTh
BapiaHTy IeHa, AKUH BIIAUBA€ Ha MeTabOAi3M IILOTO AIKAPCHKOTO
3acoby. Ki MOXKAUBI HACAIIKY Ta PillleHHs y Ii¥ cuTyartii?

3pobuTH BUCHOBKH Ta 3allucaTH ixX 10 30LIUTY.

TTumaHHs O camonepesipKul:

—_

. 9Iki OCHOBHIi 3aBOaHHs (papMaKOT€HETHUKHU?

2. 9Iki ocobAMBOCTI yciaaKyBaHHS BPaxOBYIOTH IIPU BUPIllIeHH]
3anad 3 papMaKOTeHETUKH ?

3.9Ki OCHOBHI IIIAIXW BHUPIIIEHHS CUTYaTUBHUX 3a7a4d 3
dapMaKOTreHEeTUKU ?

4. 9lki (paxiBili moTpebyrOTh 3HAHb 3 (PapMaKOTE€HETHUKU ?

S. dkux 3aXBOPIOBaAHb CTOCY€EThCS HapuHa iHTEpecy
dapMaKkoOreHETUKU ?

6. 9lKy mlarHOCTHUKY 3aCTOCOBYIOTH OASI BUPIIIEHHSI CUTyaTUBHUX

3aga4?



