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PROMENE U FARMAKOTERAPLUII

Transformacija uloge zdravstvenih profesionalaca kao
odgovor na zadatke i izazove savremenog drustva:

» zivotni vek ljudi je duzi;

® pacijenfi sa vecim brojem komorbiditeta i lekova u
terapiji;

» veci broj gotovih lekova na frzistu;
= Akcenat na kvalitetu zivota pacijenata
Razvoj informacionih tfehnologija i biotehnologije:

» 7apocCet je ubrzani razvoj i istrazivanja u farmakogenetici
(PGt) i farmakogenomici (PGx);



FARMAKOGENETIKA (PGt) vs.
FARMAKOGENOMIKA (PGx)

FARMAKOGENETIKA (PGt) vs.  FARMAKOGENOMIKA (PGx)
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IISTORIJAT PGt/PGx

“Pharmacogenetics DMEs genes and their
rur:;‘:tlh:)du‘:;cm role in human disease Emergence of NGS
effects of drug First Pharmacogenomics technology
Thiopurine database PharmGKB Commercial Complete
“Pharmacogenetics™ methyltransferase created by NIH and microarray sequence of
first termed by Vogel (TPMT) polymorphisms Piwnuc'ugeuc(in technology for gene  human genome 1000 Genome
discovered research network. expression HAPMAP project project

Transcriptome

i Tevel snd tedaction of Case-control studies FDA spproves HER- FDA spproves Roche  (UUC
DNA DMEs observed in man. e ABPND:
creeplin treatment Cytochrome P450
Kalow: Cytochrome P450 First draft of fest
“Pharmacogenetics- genes: evolution, Human Genome
Hereditary and regulation and project
response to drugs” PGx
VKROC! associated
with warfann
resistance
II. Moderne Probleme der Humangenetik
Voo »  ]1955. Povecana ucestalost hemolize eritrocita kod
 — PHARMACOGENETICS pojedincima Ne! nedostatkom glukoza-6-fosfat
v i dehidrogenaze usled izZlaganja antimalaricima (Beutler et
al. 1955).
6. Ansiitze zu einer Pharmakogenetik des Menschen IR RO D
Der Ausdruck ,,Pharmakogenetik des Menschen, den wir zur Uberschrift ‘ ot 1956.-1957. Koncept farmakogenetike: Nezeliene

reakcije na lek mogu biti uzrokovane genetski
determinisanim varijacijama u enzimskoj aktivnosti (Kalow
1956; Motulsky 1957).

dieses Kapitels wahlten, ist bisher noch mehr ein Programm als eine Bezeichnung
fiir ein Arbeitsgebiet. Bisher sind zu einer Kenntnis der erblichen Varianten in der
Reaktion auf Arzneimittel und sonstige von auBen zugefiihrte Stoffe nur Ansitze
vorhanden. Zum groBten Teil Liegt das sicher daran, daB diese Beziehungen ein-
fach noch kaum untersucht sind; einzelne Beobachtungen scheinen darauf hin-
oudeuten, daB das ganze Gebiet in Zukunft immer wichtiger werden diirfte.

» Otkrice lancane reakcije polimeraze (PCR, engl.
polymerase chain reaction) (Mullis et al. 1986 )

Srivos’rovc&*l. Pharmacogenomics: an evolution fowards clinical practice, 2018.




Interindividualna varijabilnost v
odgovoru na lek

» Vecing lekova, je razviena i odobrena na osnovu FK i FD
ispitivanja u veéim populacijama ispitanika.

' : ’ Patient group “
Drug toxic but & . Drug toxic but
beneficial AR BN E NOT beneficial

same prescnptlon
Drug NOT toxic and

NOT beneficial 2::,9 b':?r:f::i:n‘lc
» Savremena medicina i farmacija feze personalizovanim

resenjima v cilju ostvarivanja optimalnih terapijskih ishoda za

svakog pojedinaénog pacijenta-bolji terapijski ishodi za veci broj
pacijenata.




INDIVIDUALIZACIJA TERAPIJE

®» podrazumeva identifikovanje  faktora

varijabilnosfi

U

odgovoru na lek, u smislu efikasnosti i bezbednosti, kao |
njihovo sagledavanje u okviru terapijskin algoritama.
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FizioloSKi i patoloski faktori:
Interindividualna
varijabilnost

pol. godine starosti, rasa, telesna
masa, konstitucija, hormoni,
prateée bolesti, funkcija jetre 1
bubrega. imuni sistem 1 dr.

Genetski faktori

Spoljasnji faktori (faktori

spoljne sredine):

istovremena primena drugih
lekova, hrana. upotreba duvana

idr.

Uslovljavaju

efektima lekova.

20-95%

varijabilnosti v dispoziciji i




GENETSKI FAKTORI

Genetske varijacije u humanom genomu*

Varijacije Karakteristike

Kompleksne hromozomske

N Veliki deo neponovljivih preuredivanja na konkretnom lokusu
reorganizacije

Varijacije u broju kopija u genomu DNK segmenti duzine > 1 kb, ¢iji broj kopija varira u odnosu na referentni genom.~ 12%
(CNV) humanih gena varira u sekvencama DNK koje sadrze

Alternativni oblik prirodnih genetskih varijacija koji se razlikuje od pojedinac¢nih

Insercije i delecije u humanom genomu nukleotidnih polimorfizama (SNP)

Prosarani (razbacani) ponovljeni

elementi Znacajan deo humanog genoma ¢ine dugi i kratki prosarani jedarni elementi

Veliki delovi DNK se mogu ponoviti ili nedostajati iz nepoznatog razloga kod zdravih

\elike varijacije u humanom genomu
osoba

Dupliranje segmenata Duplikacije imaju > 90% homologije sekvence sa drugim regionom u genomu

\

Zamena pojedinacnih nukleotida, tj.
pojedina¢ni nukleotidni polimorfizmi
(SNP)

SNP su varijacije sekvence na nivou jednog baznog para sa ucestalos¢u u populaciji >
1%

SV ukljucuju delecije, duplikacije, insercije, inverzije i kompleksne kombinacije

SHLLTUGTOVEIIEES (1Y) preuredivanja veli¢ine od kilobaze do megabaze.

Tandem ponavljanja Ponavljanja tandemskih sekvenci predstavljaju ~ 10% genoma

\\ *Tabela preuzeza i adaptirana od Jain K (2021.)



GENETSKI FAKTORI /
FARMAKOGENETSKI BIOMARKER

» Genski polimorfizam (SNP, engl. single nucleotide
polymorphism) je varijacija u sekvenci DNK i
podrazumeva zamenu jednog nukleotida u molekulu
DNK (adenin [A], fimin [T], citozin [C] or guanin [G]).
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FARMAKOGENETIKA, FK & FD

Farmakokinetika Farmakogenetika  Farmakodinamika
Resorpacija o _
Raspodela Genski polimorfizam Rec.epfo" |
Biolransformacija Jonski kanali
Izlu€ivanje Enzimi
Drug administered Imuni sistem

% @ Drug concentration > Clinical response > Efikasnost
N /N

Sistemska cirkulacija  Mesto dejstva Subterapijski  Toksiénost
odgovor

Clin J Am Soc Nephrol. 2018;13(7):1083-1084




FARMAKOGENTIKA &
PERSONALIZOVANA TERAPIJA
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All have similar disease
Are on similar dose of similar active medicine

|
l ! ! )

oy ot ¢!
“n by i

.«
.

W W
RESPONDERS INTERMEDIATE Drug is not toxic Drug is toxic with ADRs
Drug is beneficial RESPONDERS Drug is not beneficial Drug is not beneficial
Without ADRs Drug is beneficial No response might Poorly metabolized
Dose effective With some ADRs Delay the effective May be fatal
Metabolize drug Dose need to be lowered therapeutic intervention
quickly Metabolize drug slowly

V. Gupta ., Basic and Applied Aspects of Biotechnology, 2017




PRECISION vs PERSONALIZED MEDICINE

PRECISION
Targeted Therapies
Based on
Molecular
Diagnostics
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Fig. 1. Fraction of clinically used drugs metabolized by P450 isoforms and factors influencing variabilify-ATorarof 248 drug metabolism pathways with known CYP involvement
(Table 3; chemicals and endogenous substrates excluded) were analyzed. Each metabolic pathway was only counted once for the major contributing CYP isoform. Important
variability factors are indicated by bold type with possible directions of influence indicated (1, increased activity; |, decreased activity; 1, increased and decreased activity). Factors

of controversial significance are shown in parentheses.
Pharmacology & Therapeutics 2013; 138: 103-141



METABOLICKI ENZIMI: CYP2Dé

Allelic Variants

Polymorphism/
Substitution

Functlional Effect on
Enzyme Activity
(Metabolic Phenotypes)

CYP2D6*1

CYP2D6*1 x N = 2
YP2D6*2x N = 2

CYP2D6*3
CYP2Db6*4
CYP2D6*4 x2

CCYP2D6*DCYP2D6"7,

CYP2D6*8, CYP2D6"14

YP2D6*9, CYP2D6"29
CYP2D6*36

CYP2D6*10 x N

CYP2D6*17 x N

CYP2D6*41

CYP2D6*41 x2

Copy number variation

Copy number variation
Frameshift

Splicing defect

Copy number variation
Gene deletion

Frameshift (CYP2D6%h)

P34S

Copy number variation
T1071, R296C

Copy number variation
Splicing defect

Copy number variation

Normal (EM)

Increased (UM)
Normal (EM)

Increased (UM)
Abolished (PM)
Abolished (PM)
Abolished (PM)
Abolished (PM)
Abolished (PM)

Decreased (IM)

Decreased (IM)
Decreased (IM)
Decreased (IM)
Normal (EM) for N =2
Decreased (IM)
Normal (EM)

Lam & Cavallariy. Principles of Pharmacogenomics: Pharmacokinetic,

Pharmacodynamic, and Clinical Implications, 2013.



METABOLICKI ENZIMI: CYP2Dé

Table 1 Assignment of predicted CYP2D6 phenotypes based on diplotypes

Phenotype® Aﬁ]vity score rang% Activity s.curefgennwpesb Examples of CYP2D6 diploty pes"'
CYP2D6E ultrarapid metabolizer / =2.25 \ = 2.25 #1/AINN, *1,/%2KN, *2/%IxN°
CYP2D6 normal metabolizer 1.25=x=<2.25 1.25 *1/%10

1.5 *1/%41, *1/%9

1.75 *10/*41x3

2.0 ®1 /1, #1452

2.25 #2w2/*10
CYP2D6 intermediate metabolizer O0=x=1.25 0.25 *4/+10

0.5 *4/%41, *10/+10

0.75 *10/*%41

1 *41/441, *1/45
CYP2D6E poor metabolizer \ ] / 0 *3/%4, *4 /%4 *5/*5 FH/ER
CYP2DE indeterminate n/a An individual carrying one or two 2] X222, *]EI2E, X245
uncertain function alleles

ny/a, not applicable.
*See the CYP2DE Frequency Table for race-specifitallele and ghenotype frequenci&5_2'3 bassignment of allele function and allele activity values, including
citations for allele function can be found https://wwwghagpaEkb.org/page/cyp2dE6RefMaterials (CYP2DE Allele Definition Table and CYP2DE Allele Functionality
Tablez'jjl. For a complete list of CYP2DE diplotypes and resulting phenotypes, see the CYP2D6 Genotype to Phenotype Table.>” “Where xN represents the number
of CYP2D&E gene copies. For individuals with CYP2D6 duplications or multiplications, see supplemental data for additional information on how to translate
diplotypes into phenotypes.

2 VOLUME O NUMBER O | Month 2021 | www.cptjournal.com

Paroksetin, fluvoksamin, kodein, tramadol, tamoksifen

Clin Pharmacol Ther. 2021 Oct;110(4):888-896




Preporuke za doziranje kodeina prema CYP2Dé fenotipu

ubegovaﬁ\\\\\\\

upotrebu kodeina
zbog toksiCnosti

Table 2 Codeine therapy recommendations based on CYP2D6 phenotype

Classification of
Phenotype Activity score Implications Recommendations recommendation®

CYP2D6 ultrarapid =2.25 Increased formation of Avoid codeine use because of potential for Strong
metabolizer moarphine leading to higher serious toxicity. If opioid use is warranted,
risk of toxicity consider a non-tramadol opioid.

CYP2D6 normal 125 =x= 225 Expected morphine Use COMCHE Strong

metabolizer formation or weight-specific dosing.

CYP2D6 Q=x=1.25 Reduced morphine Use codeine label recommended age-specific Moderate
intermediate formation or weight-specific dosing. If no response and

metabolizer opioid use is warranted, consider a non-

/'Lm-maa-&r-e-prmel-.\

oid codeine use because of possibility

CYP2D6 poor 0 Greatly reduced morphine
metabolizer formation leading to of diminished analgesia. If opioid use is
diminished analgesia. warranted, consider a non-tramadol opioid.

CYP2D6G n/Sa n/a Mo recommendation Mo
indeterminate recommendation

ny/a, not applicable.
“Ftatingt scl?r?erne described in the Supplementary Material. /
Izbegavati upotrebu

kodeina zbog smanjene
efikasnosti.

Strong

Clin Pharmacol Ther. 2021 Oct;110(4):888-896



Preporuke za doziranje tramadola prema CYP2Dé
fenotipu

Table 3 Tramadol therapy recommendations based on CYP2D6 phenotype

Classification of

Phenotype Activity score Implications W recommendation®

CYP2D6E ultrarapid =2.25 Increased Avoid tramadol use because of potential Strong
metabolizer formation of for toxicity. If opioid use is warranted,
O-desmethyltramadol consider a non-codeine opioid.
(active metabolite)
leading to higher risk
of toxicity
CYP2D6 normal metabolizer 1.25<x<2.25 Expected Use tramadol label recommended age- Strong
O-desmethyltramadol specific or weight-specific dosing.
{active metabolite)
formation
CYP2DE intermediate D=x=1.25 Reduced Use tramadol label recommended age- Optional
metabolizer O-desmethyltramadaol specific or weight-specific dosing. If no
(active metabolite) response and opioid use is warranted,
formation consider non-codeine opioid.
CYP2D6 poor metabolizer 0 Greatly reduced A of Strong

O-desmethyltramadol
(active metabolite)
formation leading
diminished analgesia

ossibility of diminished analgesia.
opioid use is warranted, consider a non-
codeine opioid.

CYP2DE indeterminate n/a n/a \NW Mo recommendation

Clin Pharmacol Ther. 2021 Oct;110(4):888-896



METABOLICKI ENZIMI: CYP2C19

Tabela. Verovatni CYP2C19 fenotip bazirano na genotipu

Fenotip Karakteristike genotipa Prlr_ner
genotipova
Ultrabrzi metabolizer Osoba ima dva alela koje karakteriSe povecana aktivnost (*17) *17/*17
Brzi metabolizer Osoba ima jedan funkcionalni 'alel v(, 1) i jedan alel sa pove¢anom *1/*17
aktivnoscu.
Normalni metabolizer Osoba ima dva funkcionalna alel (*1) *1/*1

Verovatni intermedijarni metabolizer

Osoba nosi jedan funkcionalni alel (*1) i jedan alel koga
karakterise smanjena aktivnost (*9) ili jedan alel koga karakteriSe
povecana aktivnost (*17) i jedan alel koga karakterise smanjena
aktivnost (*9) ili dva alela smanjene aktivnosti (*9)

*1/*9, *9*17,
*9/*9

Intermedijarni metabolizer

Osoba nosi jedan funkcionalni alel (*1) ili jedan alel koga
karakterise povecana aktivnost (*17) i jedan alel koga karakterise
gubitak funkcije (*2 ili *3)

*1/*2, *1/*3,
*2/*17, *3/*17

Verovatni slabi metabolizer

Osoba nosi dva alela koga karakterise smanjena funkcija i jedan
alel koga karakterise gubitak funkcije

*2/*9, *3/*9

Slabi metabolizer

Osoba nosi dva alela koje karakteriSe gubitak funkcije

*2/*2, *2/*3,
*3/*3

citalopram, escitalopram, seriralin, klopidogrel, IPP

Clin Pharmacol Ther. 2021 Jun;109(6):1417-1423.



Preporuke za doziranje omeprazola, lansoprazola i

pantoprazola, prema CYP2C19 fenotipu

CYP2C19
phenotype™

Implications for phenotypic
mMeasures

Therapeutic recommendation

Classification of
recommendation”
- omeprazole,
lansoprazole, and
eopantoprazole

CYP2C19 ultrara-
pid metabolizer

Decreased plasma
concentrations of PPIs
compared withh CYP2C19
MMM s; increased risk of
therapeutic failure

Povecati pocetnu dnevnu dozu za 100%.
Pratiti efikasnost.

Dptional

CYP2C19 rapid
metabolizer

Decreased plasma
concentrations of PPIs
compared with CYP2C19
MMs; increased risk of
therapeutic failure

Ve

Zapoceti terapiju standardnom dozom.
Razmotriti povecanje doze za 50-100%, kod
eradikacija H. Pylori i erozivnog gastrofagitisa

J
<

Moderate

CYP2C19 normal
metabolizer

Mormal PPl metabolismi;
may be at increased risk
of therapeutic failure
compared with CYP2C19
IMs and PMs

Y

Zapoceti terapiju standardnom dozom.
Razmotriti povecanje doze za 50-100%, kod
eradikacija H. Pylori i erozivnog gastrofagitisa

J
)

CYP2C19 likely
intermediate
metabolizer

Likely increased plasma
concentration of PPI
compared with CYP2C19
MM s; likely increased
chance of efficacy and
potentially toxicity

Zapoceti terapiju standardnom dozom. Kod
hroni¢ne terapije (>12 n) i postignute
efikasnosti, razmotriti smanjenje doze za 50%,
Nastaviti pracenje.

Moderate

)

Optional®

CYP2C19
imermeadiate
metabolizer

Increased plasma
concentration of PPI
compared with CYyPFP2C19
MMs: increased chance
of efficacy and potentially
toxicity

N\

Zapoceti terapiju standardnom dozom. Kod
hronicne terapije (>12 n) i postignute
efikasnosti, razmotriti smanjenje doze za 50%,
Nastaviti pracenje.

VAN

Opticonal

CYP2C19 likely
poor metabolizer

Likely increased plasma
concentration of PPI
compared with CYFP2C19
MhMs; likely increased
chance of efficacy and
potentially toxicity

Y

Zapoceti terapiju standardnom dozom. Kod
hroni¢ne terapije (>12 n) i postignute
efikasnosti, razmotriti smanjenje doze za 50%,
Nastaviti pracenje.

Y

CYP2C19 poor
metabolizer

Increased plasma
concentration of PPI
compared with CYyPFP2C19
MMs: increased chance
of efficacy and potentially
toxicity

Zapoceti terapiju standardnom dozom. Kod
hronicne ferapije (>12 n) i postignute
efikasnosti, razmotriti smanjenje doze za 50%,
Nastaviti pracenje.

A

Moderate”

J

Moderate

A\

Clin Pharmacol Ther. 2021 Jun;109(6):1417-1423.




Ucestalost CYP2C19 alela i genotipova u odnosu na
geografsku rasprostranjenost

African- Sub-
eUiell American/Afro|American Cenira'l/ — Eqst European| Latino D Oceanian| Saharan
allele . Asian Asian Eastern .
-Caribbean African
*1 54.68% 79.22% 54.36% 59.56% 71.66%| 67.23% 18.71% 55.15%
*17 20.72% 8.61% 17.08% 2.05% 16.66%| 19.14% A 17.33%
*2 18.15% 12.14% 26.99% 28.35% 10.42%| 11.98% (60.95%) 15.68%
*3 0.28% 0.04% 1.57% 7.25% 0.08% 1.65% 14.64% 0.27%
*Q 1.43% 0.01% 0.08% 2.70%
/
African- Sub-
Diplotype [American/Afro|American Cenxq.l/ Sl Eqs’r European | Latino el Oceanian| Saharan
X sian Asian Eastern .
-Caribbean African
*1/*1 29.90% 62.80% 29.60% 35.50% 51.30%| 45.20% 3.50% 30.40%
1/*17 22.70% 13.60% 18.60% 2.45% 23.90%| 25.70% 2.13% 19.10%
*1/*2 19.80% 19.20% 29.30% 33.80% 14.90%| 16.10% 22.80% 17.30%
*2/*17 7.52% 2.09% 9.22% 1.16% 3.47% 4.59% 6.95% 5.44%
*17/*17 4.29% 0.74% 2.92% 0.04% 2.77% 3.66% 0.33% 3.00%
*2/*2 3.29% 1.47% 7.29% 8.04% 1.09% 1.44% 37.20% 2.46%
*1/*3 0.30% 0.06% 1.71% 8.63% 0.12% 2.21% 5.48% 0.29%
*1/*9 1.57% 0.01% 0.12% 2.97%
*3/*17 0.11% 0.01% 0.54% 0.30% 0.03% 0.63% 1.67% 0.09%
*2/*3 0.10% 0.01% 0.85% 4.11% 0.02% 0.40% 17.80% 0.08%
*9/*17 0.60% 0.00% 0.03% 0.94%
*2/*9 0.52% 0.01% 0.02% 0.85%
*3/*3 0.00% 0.00% 0.02% 0.53% 0.00% 0.03% 2.14% 0.00%
*3/*9 0.01% 0.00% 0.00% 0.01%
*9/*9 0.02% 0.00% 0.00% 0.07%

\



Ucestalost CYP2C19 fenotipova u odnosu na geografsku

rasprostranjenost
cypaciy |, African- Central/ ) ) . |sub-saharan
American/Afr| American . East Asian | European | Latino | Near Eastern | Oceanian .
Phenotype . South Asian African
o-Caribbean
NM 32.81% 62.75% 29.55% 38.06% 52.50% 45.19% 3.50% 36.98%
RP 23.74% 13.64% 18.57% 2.53% 24.14% 25.74% 2.13% 21.08%
IM 31.40% 21.39% 40.81% 45.93% 19.04% 23.55% 36.90% 29.95%
UM 4.29% 0.74% 2.92% 0.04% 2.77% 3.66% 0.32% 3.00%
PM 4.05% 1.48% 8.16% 12.98% 1.14% 1.86% 57.14% 3.67%
Likely IM 2.78% 0.00% 0.00% 0.08% 0.37% 0.00% 0.00% 4.29%
Likely PM 0.71% 0.00% 0.00% 0.04% 0.04% 0.00% 0.00% 1.03%
Indeterminate 0.22% 0.00% 0.00% 0.34% 0.00% 0.00% 0.00% 0.00%

Izvor: https://cpicpgx.org/



007;23(6):832-839.

Smernice DPYD/5-fluorourcil (5-FU)
i kapecitabin

DPYD, gen koji kodira dihidropirimidin dehidrogenazu (DPD),
enzim koji ucestvuje u eliminaciji 5-FU.

Kapecitabin
‘L Klju&ni enzim u
metabolizmu

DPD % §
£ Anabolism 5_F Catabolism Z &
R — =5
% 1-3% 80-85% .g g
i e e

5-20%

Urinary Excretion

Pak J Med Sci. 2007;23(6):832-839.




DPYD genski polimorfizam

Relevantni polimorfizam (DPYD)* DPD aktivnost

C.1905+1G>A (*2A)

Neaktivan

C.1679T>G (*13)

Neaktivan

C.2846A>T

Smanjena aktivnost

C.1129-5923C>G

Smanjena aktivnost

WT (*1)

Aktivan

Verovatni DPYD fenotip baziran

na genotipu

Genotip (komb. alela)

Preporuke za doziranje

Aktivan / aktivan

Bazirano na genotipu, nastaviti sa
stfandardnim doziranjem, nema poftrebe
za korekcijom doze.

Aktivan/smanjena
aktivnost ili neaktivan

Smanjena aktivnost /
Smanjena aktivnost

Smanijiti pocetnu dozu u odnosu na skor
aktivnosti, fitrirati dozu prema ispoljenoj
toksicnosti ili TDM-u (ako je dostupan)
Skor aktivnosti 1: Smanijiti dozu za 50%
Skor aktivnosti 1.5: Smanijiti dozu za 25% do
50%

Relativna
Verovatni fenotip DPD
aktivnost
DPYD normalni 2
metabolizer
DPYD intermedijarni 1.5
metabolizer
1
DPYD spor 0.5
metabolizer
0

Smanjena funkcija /
Neaktivan

Neaktivan/ Neaktivan

Skor aktivnosti 0.5: Izbeci upotrebu 5-FU i
pro-lekova. Ukoliko ne postoji alternativni
lek, primeniti 5-FU u maksimalno
smanjenoj dozi sa ranim TDM.

Skor aktivnosti O: Izbeci upotrebu 5-FU i
pro-lekova.

* Prema Clinical Pharmacogenetic Implementation Consortium (CPIC)




Parovi HLA alel/lek

HLA posredovani nezeljeni efekti lekova

Lek Klasa HLA alel od znacaja Nezeljeni efekat
Abakavir Antiretrovirotik B*57:01, DR7 i DQ3 Reakcije preosetljivosti
Hidralazin Vazodilatator

DR4

Sistemski lupus

Karbamazepin

Antikonvulziv

B*15:02 1 A*31:01 (Evropaq)

Reakcije preosetljivosti i Stevens—
Johnson sindrom /toksiCna
epidermalna nekroliza

Fenitoin

Antikonvulziv B*15:02 S’revens—J‘ohnson sindrom ./’rok5|cno
epidermalna nekroliza
Alopurinol Urikozurik B*58:01 S’revens—J'ohnson sindrom '/’rok5|cno
epidermalna nekroliza
Nevirapin Antiretrovirotik B*35:05 i C*04:01 S’revens—J.ohnson Slnelen ./ felsicne
epidermalna nekroliza
Klozapin Antipsihotik Multipli Agranulocitoza
Ksimelagatran Anfikoagulans DRB1*07:01 i DQAT1*02:01 Lekovima izazvano ostecenje jetre
Ko-amoksiklav Anfibiotik DRB1*15:01 i A*02:01 i B*18:01 Lekovima izazvano ostecenje jetre
Lumirakoksib NSAID DRB*15:01 i DQA*01:02 Lekovima izazvano ostecenje jetre
Tiklopidin

Antikoagulans

A*33:03

Lekovima izazvano ostecenje jetre

\
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FDA daje 4 stepena preporuke, a prevashodno se
odnose na promenu informacija o leku, sadrzanih u
Sazetku karakteristika o leku (SMPC):

Stepen preporuke kod razli¢itih parova gen/lek

Gen Lek CPIC nivo PharmGKB nivo FDA preporuka
Karabamazepin Testiranje se
HLA-B Abakavir A 1A zahteva
Delotvorna
CYP2C9 varfarin A 1A farmakogenomska
informacija
TPMT azatioprin A TA Testlranj? s€
preporucuje
Delotvorna
CYP2D6 tioridazin B/C 3 farmakogenomska
informacija
Informativna
CYP2Dé6 paroksetin A TA farmakogenomska
informacija
Delotvorna
CYP2Dé6 framadol A TA farmakogenomska
informacija
Delotvorna
CYP2CI19 omeprazol A TA farmakogenomska
informacija




FDA, klopidogrel SmPC

HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the information needed to use
PLAVIX safely and effectively. See full prescribing information for
PLAVIX.

PLAVIX* ogrel bisulfate) tablets, for oral use
Initial J7S. Approval: 1997

LAVARNING: DIMINISHED ANTIPLATELET EFFECT IN PATIENTS
WITH TWO LOSS-OF-FUNCTION ALLELES OF THE CYP2C19
GENE
See full prescribing information for complete boxed warning.

o Effectiveness of Plavix depends on conversion to an active metabolite
by the cytochrome P450 (CYP) system, principally CYP2C19. (5.1,
12.3)

e Tests are available to identify patients who are CYP2C19 poor
metabolizers. (12.5)

e Consider use of another platelet P2Y 12 inhibitor in patients

. identified as CYP2C19 poor metabolizers. (5.1)

INDICATIONS AND USAGE
Plavix is a P& platelet inhibitor indicated for:
* Acute coronary sy
— For patients with non—ST-segment clevation unstable angina
[UA)/non—ST-clevation myocardial infarction [NSTEMI]), Plavix has
been shown to reduce the rate of myocardial infarction (MI) and stroke.
(1.1)
— For patients with ST-clevation myocardial infarction (STEMI), Plavix
has been shown to reduce the rate of MI and stroke. (1.1)
e Recent ML recent stroke, or established peripheral arterial discase. Plavix
has been shown to reduce the rate of MI and stroke. (1.2)

DOSAGE AND ADMINISTRATION
e Acute coronary syndrome (2.1)
— Imtiate Plavix with a single 300-mg oral loading dose and then continue
at 75 mg once daily.
— Initiating Plavix without a loading dose will delay establishment of an
antiplatelet effect by several days.
e Recent ML, recent stroke, or established peripheral arterial discase: 75 mg
once daily orally without a loading dose (2.2)

cemmnmmmnnnnm e DOSAGE FORMS AND STRENGTHS
Tablets: 75 mg, 300 mg (3)

CONTRAINDICATIONS

e Active pathological bleeding, such as peptic ulcer or intracramial
hemorrhage (4.1)

e Hypersensitivity to clopidogrel or any component of the product (4.2)

WARNINGS AND PRECAUTIONS

e CYP2C19 inhibitors: Avoid concomitant use of omeprazole or

esomeprazole. (5.1)

Bleeding: Plavix increases risk of bleeding. (5.2)

\scontinuation: Premature discontinuation increases risk of cardiovascular
eveNs. Discontinue 5 days prior to elective surgery that has a major rnisk of
bleedNg. (5.3)

e Thromf\otic thrombocytopenic purpura (TTP) has been reported. (5.4)
ctivity among thienopyndines has been reported. (5.5)
ADVERSE REACTIONS
Bleeding /including life-threatening and fatal bleeding, is the most commonly
reporteg/adverse reaction. (6.1)

To rt SUSPECTED ADVERSE REACTIONS, contact Bristol-Myers
uibb/Sanofi Pharmaceuticals Partnership at 1-800-633-1610 or FDA at
1-800-FDA-1088 or www.fda.gov/medwatch.

DRUG INTERACTIONS

e Opioids: Decreased exposure to clopidogrel. Consider use of parenteral
antiplatelet agent. (7.2)

e Nonsteroidal anti-inflammatory drugs (NSAIDs), warfarin, selective
serotonin and serotonin norepinephrine reuptake inhibitors (SSRIs, SNRIs):
Increases nisk of bleeding. (7.3,7.4. 7.5)

* Repaglinide (CYP2CR substrates): Increases substrate plasma
concentrations. (7.6)

USE IN SPECIFIC POPULATIONS
Nursing mothers: Discontinue drug or nursing. (8.3)

See 17 for PATIENT COUNSELING INFORMATION and Medication
Guide.

Revised: 05/2018




FDA, karbamazepin SmPC

H NOVARTIS

Tegretol®

carbamazepine USP

Chewable Tablets of 100 mg - red-speckled, pink
Tablets of 200 mg — pink

Suspension of 100 mg/S mL

Tegretol®-XR

(carbamazepine extended-release tablets)

100 mg, 200 mg. 400 mg

Rx only

Prescribing Information

WAR

RIOUS DERMATOILOGIC REACTIONS AND HIL A-B*1502 AT TELE

SERIOUS AND SOMETIMES FATAL DER]'&-'[ATGLDGIC REACTIONS, INCLUDING TOXIC
EPIDER_M[AL NECROLYSIS (TEM SON SYNDROME {SJS‘J HAVE BEEN

T[MES HIG[—IER STUDIES IN PATIENTS OF CHINESE ANMCESTRY HAVE FOUND A STRONG
ASSOCIATION BETWEEN THE RISK OF DEVELOPING SJ5/TEN AND THE PRESENCE OF
HLA-B*1502, AN INHERITED ALLELIC VARIANT OF THE HL A-B GENE. HLA-B*1502 IS FOUND
ALMOST EXCLUSIVELY IN PATIENTS WITH ANCESTEY ACROSS BROAD AREAS OF ASIA.
PATIENTS WITH ANCESTRY IN GENETICALLY AT-RISK POPULATIONS SHOULD BE SCREEN
FOR THE PRESENCE OF HLA-B*1502 PRIOFR. TO INITIATING TREATMENT WITH TEGRETO)
JTIENTS TESTING POSITIVE FOR. THE ALLELE SHOULD NOT BE TREATED WITH
mCLEMY OUTWEIGHS THE RISK (SEE WARNINGS
LABORA 5.
APLASTIC ANEMIA AND AGRANULOW Y TTESTS

APLASTIC ANEMIA AND AGRANULOCY TOSIS HAVE BEEN REPORTED IN ASSOCIATION WITH
THE USE OF TEGRETOL. DATA FROM A POPULATION-BASED CASE CONTROL STUDY
DEMONSTEATE THAT THE RISK OF DEVELOPING THESE REACTIONS IS 5-8 TIMES GREATER
THAN IN THE GENERAL POPULATION. HOWEWER., THE OVERALL RISK OF THESE REACTIONS
IN THE UNTREATED GEMNEERAL POPULATION IS LOW, APPROXIMATELY SIX PATIENTS PER ONE
MILLION POPULATION PER YEAR FOR AGRANULOCY TOSIS AND TWO PATIENTS PER ONE
MILLION POPULATION PER YEAR FOR APLASTIC ANEMIA.

ALTHOUGH REPORTS OF TRANSIENT OR PERESISTENT DECREASED PLATELET OR WHITE

ECAUTIONS,




SAZETAK KARAKTERISTIKA LEKA

1. IME LEKA

Lamivudin/Abakavir Remedica, 300 mg/600 mg, film tablete
INN: lamivudin/ abakavir

2. KVALITATIVNI I KVANTITATIVNI SASTAYV
Jedna film tableta sadrZi: 300 mg lamivudina i 600 mg abakavira.

Pomocna supstanca sa potvrdenim dejstvom: Sunset Yellow FCF aluminium lake (E110) 1,86 mg po film
tableti.
Za listu svih pomoc¢noh supstanci, videti odeljak 6.1.

3. FARMACEUTSKI OBLIK

Film tableta.
NarandzZaste film tablete, oblika kapsule.

4. KLINICKI PODACI
4.1. Terapijske indikacije

Lek Lamivudin/Abakavir Remedica je kao deo kombinovane antiretrovirusne terapije indikovan za lecenje
infekcije virusom humane imunodeficijencije (HIV) kod odraslih osoba, adolescenata 1 dece telesne mase od
najmanje 25 kg (videti odeljke 4.415.1).

re zapoCinjanja terapije abakavirom, potrebno je sprovesti skrining svih HIV-inficiranih pacren
proveriti da li su nosioct HLA-B*5701 alela, bez obzira na etni¢ku pripadnost (videti odeljak 4.4). Abakavir
ne treba primenjivati kod pacijenata za koje se zna da su nosioci HLA-B*5701 alela.

\\




KLINICKA IMPLEMENTACLJA

* Discovery of genotype—
phenotype association

* Functional studies

Candidate
gene studies

Translational
research

* Proof of clinical impact

Clinical
Implementation

Dosing Clinical
guidelines applications

= Guidelines for specific
gene-drug pair

e Proof of utility of genotype test

e Enhanced decision support
via electronic medical record

e Follow-up studies on clinical
decision making

Clin Pharmacol Ther. 2012 October ; 92(4): 467-475




RAZVOJ | PRIMENA LEKOVA NA BAZI
FARMAKOGENOMIKE

IChinical Therapeutic agent Original approval Mutation-predicted therapeutic
lapplication baomarker Type of mutation (brand) Active ingredient (FDA application no) response
INSCLC EGFR Tumor- Iressa (astrazeneca) Gefitinib 5 May 2003 (NDA Response to Gefitinib and Erlotinib
activating EGFR 021399) in presence of EGFR-activating
mutations Tarceva (OSI Erlotinib 18 November 2004 mutations
{exons 18-21) Pharms) Hydrochloride (NDA 021743) Resistance to Gefitinib in presence
of T790M mutation
ALK EML4-ALK Xalcort (Pfizen Crizotinib 26 August 2011 Response to Crizotinib in presence
rearrangement (NDA 202570) of EML4-ALK rearrangement
(chr 2p23) Resistance to Crizotinib in presence
of C1156Y and L1196M mutations
K-ras Tumor- Erbitux (Imclone) Cetuximab 12 February 2004 Response to Cetuximab and
activating K-ras (BLA 125084) Panitumumab in absence of K-ras-
mutations Vectibix (Amgen) Panitumumab 27 September 2006 activating mutations
(mainly exon 1) (BLA 125147)
PDGFRx POGFRx Gleevec (Novartis) Imatinib 18 April 2003 (NDA Good respanse to Imatinib in presence|
mutations Mesylate 021588) of ¢-KIT mutations in exon 11
(exons 12,14,18) Partial response to Imatinib in
presence of ¢-KIT mutations in exon 9
Resistance 10 imatinid in presence of
C-KIT mutations in exons 13 and 17,
PDGFRx mutations (especially exon
18), acquisition of secondary
mutations in the kinase domain
<-KIT Oncogenic ¢-KIT
mutations
(exons 9, 11, 13,
17)
Sutent (CPPI CV) Sunitinib Malate 26 January 2006 Response to Sunitinib in presence
(NDA 021938) of ¢-KIT mutations in exon 9
[Metastatic BRAF Mutation V600E Zelboraf (Hoffmann Vemurafenib 17 August 2011 Response to Vemurafenib in presence
melanoma La Roche) (NDA 202429) of BRAF mutation VG0OE
Resistance to Vemurafenib in presence|
of reactivation of the MAPK pathway
or PDGFRp
overexpression

netics and pharmacogenomics: Role of mutational
fi-cancer targeted therapy, 2012.



FARMAKOGENETIKA |
FARMACEUTKSA PRAKSA

Osnovha uloga | odgovornosti farmaceuta U
sprovodenju perosnalizovane terapije zasnovane na
farmakokogenetici:

®» Preporuka farmakogenetskog testiranja

» |nterpretacija rezultata farmakogenetskog testiranja

» Preporuku izbor leka i/ili doznog rezima na osnovu
dobijene farmakogenetske informacije | drugih faktora koji
utiCu na terapijski odgovor-optimizacija terapije

,,Pharmacist-provided pharmacogenetic services”




CYP2C9, VKORC1/vartarin

R-Warfarin S-Warfarin » Metabolites

e

Metabolites ~€—

NADH NAD
\‘ -//V
Vitamin K Vitamin K _ Hydroxy-
(reduced) vitamin K1

(epoxidized)

e

o wa e
|

Functional clotting factors Hypofunctional clotting factors

CAWY

[/ Naime, poznato je da CYP2C9*2 alel (430C>T) i CYP2C9*3 alel (1075A>C) homozigoti imaju snizenu

enzimsku aktivnost, 12% i 5%, u poredenju wt alelom.
vitamin K epoksid reduktazni compleks (protein) 1 (VKORC1), je ciljni protein dejstva varfarina, koji vrsi

konverziju vitamin K-epoksida v vitamin K, $to predstvalja ograni¢avajuéi korak v ciklusu vitamina K.
Alel (-1639A ) je udruzen sa poveé¢anom osetljivos¢u na varfarin.

* Prema Clinical Pharmacogenetic Implementation Consortium (CPIC)



CYP2C9, VKORC1/vartarin

[ VKORC1 and CYP2C9'2 and 3 genotype avalable? ]

T
Arncnnancestry ¢ ;Zx
e Race
g o Weight
[ cvpzcgs 6, s and *11 also tested*? . Heighh[
o Smoking starus
3 VKORC1-1639G>A and CYP2C9'2 and '3 * Wacfain indicaion
z . >A an 2 and "3 ey d CYPIC nd *34* Calk o dose based on
8 Calculate dose based on validated published E S A B ORI SO0 SHpec * IT:-lrgel: I.NRd
il pharmacogenetio algorithms ] ® Inreracting drugs
8 8or '11 variant alleles (e.g.,"1/°8, *1/°11, *8/'11) o Inhibirors: Amiodarone, starins, sulfamethoxazole, azole
3 For loading dose, a pharmacogenatics-based i sdlasess antifungals
§ warfarin Intiation dose algorith' could be 0 o Inducers: Rifampin, phenytoin, carbamazepine
oo [Amcan Amencan"?}—bl 1812777823 tosted? | * Genetic variables
| T s o CYP2C9 genorype
§ Carirs of CYP2C9'5, 6,8 or 11 varant T 5 VKORCI genotype
alleles (e.g., *1/°8, *1/'11, *8/'11): Decrease 0 Bl cecrease dose by 10-25% o Gage algorithm can also incorporate CYP4F2 and GGCX
g calculated dose by 15-30%¢ Q
| $ genotypes
Carriers of CYP4F2 rs2108622 T allele: For loading dose, a pharmacogenetics-based warfarin initiation dose algorithm'
Increase dose by 5-10% could be considered,
¢}

* Prema Clinical Pharmacogenetic Implementation Consortium (CPIC)



UMESTO ZAKLJUCKA-STA SLEDI?

= ynapredenje tehnika molekularne dijagnostike
(genotipizacija, sekvenciranje): isplativhost i dostupnost.

» ykljuCivanje veceg broja ljudi farmakogenetske i
farmakogenomske studije-otkrice retkih mutacija.

» kliniCka implementacija farmakogenetike:
genotipizacija na zahtev (on demand)

» | eckar, farmaceut zahtevaju farmakogenetski test - u frenutku
propisivanja, izdavanja ili neposredne primene leka.

= nedovoljno znanje zdravstvenih profesionalaca o)
farmakogenetici na globalnom nivou, kao i mala dostupnost
robustnih i validiraninh farmakogenetskih testova, koji se mogu
primeniti na ,,mestu nege” pacijenta (point-of-care).

2. preventivha genotipizacija (pre-emptive testing).

» Prethodna genotipizacija, podaci pohranjeni u elektronski
karton pojedinca, informacija dostupana pre propisivanja,
izdavanja ili primene leka
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