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.
Adverse Drug Reactions

(serious ADR defined as those reqg’d hospitalization,
were permanently disabling or resulted in death)

— The overall incidence of serious ADR 6.7%
— Fatal ADR 0.32%

— In 1994, overall 2,216,000 hospitalized patiersd serious ADR
and 106,000 had fatal ADR

Lazarou et al., JAMA 1998



Clinical variables contributing to
variation In drug response:

e Age e Sex * Diet e Organ function

Host genome
(drug-related toxicity)

(drug response)




vyznamne osobnosti, data a koncepty
— ...0Sobnostl a data

— Mendel

» pojem edicného transmisivniho ,faktoru®,...dnes
genu

— Garrod
» pojem chemicke individuality

— Motulsky
» flze biochemie, farmakologie a genetiky

— Vogel
» pojem farmakogenetika



—koncepty

e biomarker":

» meritelnost, malé pravépodobnost spontanni 2my,
spravna reflexe studovaneho jevu

o .dédicna porucha jako modelové onemaaty:

» Garrod...whenever possible the genetic difference
should be measured as a chemical test

» ...If we knew enough, every gene would be assigned a
specific chemical effect in the body

e reakce fazel a Il”.
» Williams, 1963



pharmacogenetic perspective

— ,Jpharmacogenetic” diseasas,siblings’ of
Inborn errors of metabolism:

healthy

»
>

healthy..unless
stressed

diseased

function of target

Allelic
aa Aa (apcq ) AA configuration




Farmakogenetika

Zabyva se individualnim genetickym vlivem na:

farmakokinetiku(polymorfni enzymy)
farmakodynamiki{polymorfni receptor)

farmakokinetika farmakodynamika

farmakogenetika




...chronicke, dlouhodobeé
medikace

e ...tam se nejvice projevi suird efekty
(interakce, komorbidita, genetickeé vlivy, apod.)

e psychiatrie
e onkologie
» antikoagul&ni terapie



stanoveni davky vychazi v naprostgsine pripadi z
prepatu na €lesny povrch pacienta BEA - Body
Surface Arep

....stupe korelacemezi BSA a dalSimi
farmakokinetickymi parametry jako nafClearance
nebo AUC (Area Under Curve)



,Precision vs accuracy"




Individualized dose

One Size? Doesn’t Fit All! One Size? Doesn’t Fit All!




akronymL_ADME v osudu I€iva

* L(iberation)= uvolréni z podané formy (tabletyipky, im, iv
aplikace

« A(bsorption)= proces, kdy je molekula vychytana do systemové
cirkulace,(tento koncept neplati pro iv podanéila)

« D(istribution)= jakmile je lek absorbovan a rozptylen v plasm
muze dale:
— zistat v krevnim prostoru (vazba na proteiny)
— opouskt krevni prostor a vstupovat do extravaskularniitiely
— migrovat do #iznych organ



M(etabolism)

— proces biotransformace léku ¥tSinou do podobyhydrofilni, polarn ¢si, a
tak lepe eliminovatelné

 hlavnimi organy biotransformace jsou:
— Jatra, ledviny (mikrosomalni enzymy)
» koncept prodrug > active drug (CFM > 4-OH,CFM)

E(limination)
— finalni exkrece léku

» ve formé parentalni slowteniny nebo biotransformovanych metaboliti

» cesty eliminace
— ma, zIwe, expirovany vzduch, sliny, pot, més&é mléko



sreakce faze I(lécivo se prondnuje v polargjsi metabolit
pripojenim nebo odhalenim fuétkich skupin:

«-OH, -NH,, -SH

sreakce faze ll(tvorba vysoce polarnich konjugée snadnou
eliminaci):

*hlavnim metabolickym organem jsou jatra (ale i GIT,
plice, Kize, ledviny)



FARMAKODYNAMIKA

Zabyva se interakcidé/o - receptor

receptor




Il. potencialni aplikace v onkologii



...pharmacological attempts to treat
cancer

e ...date back to years of II. World War

— 1942 nitrogen mustard

— 1948 aminopterin (latemethotrexate), 6-
mercaptopurine

— 19575-FU synthesized by Duschinsky

» Importantly: all of these compound still being key
components of the respective treatment protocols



Timeline | The history of chemotherapy
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...chemotherapy = ,guided toxicology*

« essentially, all anticancer agents have narrow
therapeutic index

— their toxicity can be regarded as

e general:
— an inherent feature of a cytotoxic compound(sius

e individual:
— a feature of intraindividual variation, or susceiity in
,2general” toxicity



host responseersustumor
response

* host response:
— referred to aharmacogenetics/genomics

e tUMOTr response.
— referred to rather aspredictive oncology”



patient as a host

— essentially, any tumor can be killed if
sufficiently exposed to cytotoxic drug(s)

* however, this is seldom compatible with ,in vivo*
achievable dosage enabling survival of a host

— nevertheless, this has led,tmse escalation concepts”
leading tohigh-dose chemotherapy



tumor as target

Jargeted therapeutics®,

— focused againsielective determinanpresent
and/or active in the tumor, but not normal

tissues
» | recent issues on EPO...

e list of compounds is growing

— herceptin as a prototype drug, now heading to aaiiv
chemotherapy



Common comorbidities interfering with
anticancer treatment

— Hypertension

— Diabetes mellitus

— Dyslipidemia

— Heart disease and stroke

— Chronic kidney disease

— Drugs, alcohol and parapharmaceuticals abuse
— Viral infections and their sequelae (hepatitis, etc)

— ...all often having detrimental influence on function of
parechymal organs important in metabolism

 ...more significant in older patients



realizing omplexities of
pharmacogenetics

..we are facing to:

» polygenic modelwith significantnongenetic
componen(typically: chronic diseases of
parenchymal organs)

— multiple mechanisms influence a single trait
— ...SNPs not enough.(W.Evans, 2007)



...[priklady farmakogenetickych determinant
protinadorové chemoterapie

e ...pripomaime, Ze:

e ...Jde vtSinou 0 enzymy jaterni tkahostitele zapojene v
reakcich faze I. a ll.



* mikrozomalni enzym zapojenylviazi metabolickych gemen pri
oxidativnich procesech

*hemoprotein, ve sve redukovaneé feér(re*) vaze oxid uhelnaty a

tvori komplex maximalé absorbujici sétlo (
Omura, Sato 1964 )

sfada izoenzyrin - nomenklaturni systém zalozeny na rozdilné
sekvenci aminokyselin

siz0oenzymy oznéovany ( CYtochromP450 )



* AR typ dédicnosti (3 - 10 % Blochi ), popsandada alelickych
variant

 poruseny cytochrom P450-dependentni oxidace debrisochinu,
sparteinu a dalSich asi 4@iNe zahrnujici zejména

e pii snizene expresi CYP 2D6 resultuje porusena metabolizace ve
zvySenou plazmatickou hladinwie a v korelaci s ni i ve zvySené
NUL



Drugs Metabolized (in part) by CYP2D6

Beta Blockers:
carvedilol
S-metoprolol
propafenone
timolol

Antidepressants:
amitriptyline
clomipramine
desipramine
imipramine
paroxetine

Antipsychotics:
haloperidol
perphenazine
risperidone=>90H
thioridazine
zuclopenthixol

alprenolol
amphetamine
aripiprazole
atomoxetine
bufuralol
chlorpheniramine
chlorpromazine
codeine (=>0-
desMeth)
debrisoquine
dexfenfluramine
dextromethorphan
duloxetine
encainide
flecainide
fluoxetine
fluvoxamine
lidocaine
metoclopramide

methoxyamphetamine
mexilletine
minaprine
nebivolol
nortriptyline
ondansetron
oxycodone
perhexiline
phenacetin
phenformin
promethazine
propranolol
sparteine
tamoxifen
tramadol
venlafaxine

http://medicine.iupui.edu/flockhart

/table.htm



CYP2D6

Allele Defining Change Effect

*1 None detected None

*2 (*17) 1661, 2850C>T  AAchanges
*3 2549A>del Frame-shift
*4 1846G>A Splicing defect
*5 Deletion Deleted

*6 1707T>del Frame-shift
*7 2935A>C H324P

*8 1758G>T Stop Codon
*9 2613-2615delAGAK281del

*10 100C>T P34S

*11 883G>C Splicing defect
*12 124G>A Splicing defect
*17 1023C>T AA Change
*59 2291G>A Decr. mMRNA

Activity

Extensive (Normal)
Normal/Decreased

None
None
None

None
None
None
Decrease
Decrease
None
None
Decreased

Decreased

http://www.Imm.ki.se/CYPalleles/



CYP2D6 Problems

 Allelic drop-outs
e (currently ~0.1%)

 Gene Deletions
» Both copies of the gene can be deleted

e Gene Conversions

« CYP2D6 can be converted by CYP2D7P

« Can produce intron 1 conversions or conversions ag/here in
the CYP2D6 gene

 These may or may not amplify with or extend the usal primers

 Neogenes
 Hybrid genes: 5-CYP2D6/CYP2D7-3’
 Hybrid genes: 5-CYP2D7/CYP2D6-3’
CYP2D6 Duplications
 Which alleles are duplicated in heterozygous cases
» Can be determined by fluorescence ratios in most sas
* New test for gene duplications developed (J. Black)




Tamoxifen Prodrug Metabolism

/ /
ot N el
SULT1A1
CYP2D6
(CYP2B8, CYP2C9, -
k CYP2C19, CYP3A)
Tamoxifen (TAM) 4-hydroxyTAM
CYP3A4/5
(CYP2C3 + other
CYP isoforms) CYP3AA4/5
!
o4 ' (
CYP2D6
”’ SULT1AL
N-desmethyITAM H

Endoxifen

Goetz, M. P, et al. J Clin Oncol; 23:9312-9318 2005
Copyrlght©2005 American Society of Clinical Oncagy



puvodre popsan naifkladu rozdilné oxidace nifedipinu
Kleinbloesem CH., van Brummelen P., Faber H., 1984

teniposid, etoposid

cyklofosfamid, ifosfamid

vinkristin, vinblastin, vindesin

paclitaxel a docetaxel



Inter-individualni variabilita v metabolizaci paclitaxeluv
zavislosti na rozdilné expresi izoenzyinP 450

paclitaxel

CYP2C8 / \CYP3A4

6-alfa-hydroxypaclitaxel 3"- OH paclitaxel



 pocetrejsi rodiny enzym katalyzujicich glukuronidad¢ady
endogennich substfah xenobiotik

 UGT1 (glukuronidace bilirubinu a fend)
« UGT2 (NSAID, morfin, zidovudin)



« derivat camptothecinu, inhibice topoizomerazy |
Irinotecan

J karboxylesteraza

SN38

J UGT 1A1

SN38 glukuronid



Irinotecan Summary

CYP3A metabolizes Irinotecan in
part

Irinotecan activated by
carboxylesterases

SN-38 is active drug blocks DNA
replication

SN-38 inactivated by
glucuronidation

SN-38 conjugatesecreted into bile
and the intestines

'()
C -O_C
0

innotecan

s
CN-CN-L‘( H

H,0 w‘

HO

SN-38

UGTIA i

SN-38-
glucuronide




Tissue Distributions

Liver Biliary Esophagus Stomach
1A1 1A5 1A1 1A5 1A7 1A1 1A1 1A4
1A3 1A7 1A3 1A9 1A8 1A3 1A3 1A5
1A4 1A8 1A4 1A9 1A4 1A6 1A8
1A9 1A10 1A6 1A10  1A5 1A7 1A9
2B4 1A10 2B7 1A6 1A10
2B7 2B10 2B4
2B10 2B15
2B11
2B15

Intestines

Colon 1AL 1A6
1AL 1AS 1A4  2B4
1A3 ¢ 1A8
1A4 o '. Jejunum
1A6 :
1A8 Colon ¢ & g,
2B7




UGT1A1 Deficiencies

 Many mutations identified in this gene (>60),
leading to inherited unconjugated
hyperbilirubinemias (Gilbert and Crigler-Najjar
syndromes)

 Most common deficiency Is insertion of an extra
dinucleotide TA in a TA-repeat in the promoter of
UGT1Al (Gilbert)

* This decreases gene expression and reduces
enzymatic activity to 30% to 50% of normal



UGT1Al TA Promoter Repeats

*28

*37




6- merkaptopurin

l phosphoribosyltransferaza

TPMP TGNS (aktivni intracel. thionukleotidy)

6-methylmerkaptopurin > kys. thioova

xantinoxidaza
TPMP- pt. genetickeho polymorfismu

béloSska populace : 89 % vysoka, 11 ¥edhi a 1 ze 300
nizka aktivita



 TPMP aktivita stanovovana v erytrocytech

e pozorovana i inverzni korelace s hladinou
thioguaninovych nukleotid

 gen lokalizovana na 6. chromozomu,

e izolovany 2 deficientni mutantni alely TPMP*2, Ala to
Pro kodon 80 a TPMP*3, Ala to Thr kodon 154 a Tyr to
Cys kodon 240

» genotypizace se udavala v 80 % korelaci s fenotypem



e acetyl&ni fenotyp znamy jiz z 50-tych let

o 2 zakladni izoenzymy NAT1 a NAT2 (geneticky polymorfismus
objeven v roce 1990 a 1993)

 béloSska populace : 50 % pomalych acetylator
* 10 % asial nebo 5 % eskymdik

 fenotyp pomalych acetylatbspojen s vysSsim rizikem ditych
typt nadofi ?? (ma@. mechyr, strevo)
e inhibitor topoizomerazy lamonafid (studie MJ Rataina dopatila rozdilné

davkovani podle acetydaiho fenotypu :250 mg/m u pomalych resp. 375 mg/m u rychlych
acetylatod



FAUMP - inhibice TS

/

dihydropyrimidindehydrogenaza (DPD)

5-fluorouracil FUTP - RNA

5-DFHU (ne&inny metabolit)



e 10 - 20 %5-FU se vylduje nezndnéno mai
» a7 80 %b-FU je metabolizovano na 5-FDHU pomoci DPD

« 77 Y%zastane k dispozici pro biotransformaci na
fluoropyrimidinnukleotidy pro vlastni cytotoxicky efekt ?7?

....Je obtizné dosahnout klinické odezvy bez navozeni vyznamné
systémové toxicity....



3 -5 % populace je nagm heterozygotni(ch) mutace(i) genu
DPD l

snizena aktivita DPD

l

zavazna toxicita ??

dominantni role DPD v jatrech ? - korelace s PBMC ? - role
DPD v tumoru ?



Farmakogenetika 2012...kde
prameni deziluze ...?

..pojmy:

» farmakogenetika versus prediktivni onkologie

..¢asto pouze suplement fenotypovych tast
» Warfarin+INR, UGT1A1+bilirubin, antinypertensivaiT

..relevantni biomarkery:

» prof. Lindpaintner..“genotype may be the wrong place to look for
biomarkers for drug response..(BMJ 2007:3,334)

..Cas:

» tamoxifen versus inhibitory aromatazy;o.se bude pouzivat v
Klinice ?



Metody ve farmakogenetice

— aktivita limitujiciho enzymu/receptoru
o (slozité, ale ,definitivni*)

— identifikaceDNA zmény genu limitujiciho enzymu

 jednoduchéale musi byt spima asumpce, ze
mutace (PMF) se/fimo odrazi v aktivét, pouze
asociace nemusi nutibyt klinicky vyznamna

— sledovanjdownstream” produktu( )
Jarmakogeneticky“ podmime reakce, ndpSN-38,
OH-taxany, apod.)
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Pharmacogenetics

The right medicine for the right patient

PHARMACOGENETCS PHaRMACOGENCMICS FERSO EID EiD AHIMAL FCOD OH& Y
ENP GENOTYPING EXPRESEION PROFILING MEDICINE Sl FRARMA GENEMNCS QUALITY SEQUENCING ON&YIEION

Pharmacogenetics - SNP genotyping

Pharmacogenstics Is the study of nter.indmdual variations in DNA sequence related to drug response.

DHAVision,  leading global provider of applied pharmacogenetic and pharmacogenomic senvices, helos PHARMACOGENETICS
pharmaceuiical companies and clinical research arganzalions affacbvely integrate pharmacogenetics into air —
DKA Exiraction dll.lg davelopment program and thus deliver safer, more effactve products 1o the marxet more quickiy.

CYPACO & DME Sanotyping #- Technical brochure: SNP genotyping at DNAVision

Cuatom SHP Garclying Doth discovery amd clinical genatyping services are avallable at a very low cost par single aucleotide
polymorahism (SNP). Mer ideat®ing candidate genes of regions of intere st using whole genome technologies,

x Genclgping sciantists may test specific genes associsiad wit disease or drug response using targeted genotyping
solutions fom Affymetrix of focused mulbole 33s&S using SNPlex 1ecanology hom Applied Blosystems or othar
NP Genctping custom BNP genotyaing solutans like gnrosequencing, sequencing, Taghtan, dHPLC, Snapshot, ).

Expression ﬂﬂ:ﬂ‘,’SlS
(MRNA / MICrORNA) a

using latest
technolegles

Pharmacogenatics
Is the study of
interindividual

----- . wvariations in DﬁA
sequence related
to response.

- Affymetrix
- Agillent
- RT-PCR

> please click here

DNAIsIoN

Y¢ complete
solution for DNA
genotyping and
expression
profiling (MRNA/
microRNA).

Atymelri« Whola Gonome Gendtiping To guarantee tha qualdy of our rasults, wre comply with the mtarnational drug devalopmant standards mquirad by
. reguiatory authoniies. We are the first laboratory In Europe to be ISO17025 accredited In pharmacogenstics and
Clirioal Tisls Genotyping pharmacogenomics Wi are also CLIA registered and &150 support pre-clinical GLP compliant studies

Aglay CGH Jervices

Alfyroelrie CHVAOK Services

Wi Cerchtypirg Ustabass

> click here for
a description of
our services (.pdf)

ENAVISION

nuurlkl Acrwee

> Whole genome SNP genotyping A\« frosc,
disease genes.  Target .. CGH (Comparative Genomic Hybridization) - Aghe lecwcioges
identification

=
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Common comorbidities interfering with anticancer
treatment

— Hypertension

— Diabetes mellitus

— Dyslipidemia

— Heart disease and stroke

— Chronic kidney disease

— Drugs, alcohol and parapharmaceuticals abuse
— Viral infections and their sequelae (hepatitis, etc)

— ...all often having detrimental influence on function of
parechymal organs important in metabolism

 ...more significant in older patients



...emphasis on significance olfinical

toxicity
e 6-MP — myelosuppression
o Erbitux — rash
e MTX — mucositis (but not
CNS toxicity ?), ALT,
e 5-FU — myelotoxicity, Gl toxicity,

— ...possibly others ?

o ...historically, attempts to dose chemotherapy aaogrtb the
neutrophile nadir between cycles have been made



...we may never be in a situation to
get reliable ,early warning“ signs




we may rather go towards evaluating

e rate phenomenonsrates of drug activation and
elimination relations on an individual basis
— irinotecan > SN38 > SN38 glucuronide

* biomarkers, if available

— pretreatment plasma folates, Hcys, antifolatesy th
biotransformation

» the most known example: warfarin, CYP2C9/VKOR &l |

« downstream phenomenons

— such as induction of critical cellular events (#3provided that
those events relate to the action of a drug

— ,collateral damage*

» treatment induced disturbances in plasma low-nutdec
proteome etc.



evidence-based medicine
Versus
personalized medicine

— >...can these concepts be compatible ..?

— EBM is built on robust group (populational) stadis, which has led to
treatment protocols

» whereas personalized medicine operates with ratkeviation
from ,group averagé

« >>7 ..relevance of studying personalized medicine using
standard clinical trial methodology

— ...back to studying ,personifiable” variations...

— to adopt some degree of toxicity as efficacy marker?



...one sometimes needs to find the place to get
inspired

7 have a doible, fo 1
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Cambridge, 1953. Shortly before discovering the structure of DNA,
Watson and Crick, depressed by their lack of progress, visit the local pub.



