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nezadouci €inky terapi€Lazarou et al., JAMA 1998)

(zavazné nezadoucdiaky:
...definovane jako ty, které vyzaduji hospitalizatiotrvale poskodi
pacienta nebo vyusti v jeho smrt)

» = adverse drug reactions (ADR)

» ...vroce 1994, v uhrnu 2,216,000
hospitalizovanych pacieiny USA nelo zavaznou
ADR and 106,000 zefalo na ADR...



Faktory variability v odpo&di na na
xenobiotikum

e vék e« pohlavi e dieta  funkce organi

genom hostitele
(toxicita zpusobena I€bou)

< genom léze (nap. / -

tumoru)
(Iecebny efekt)




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

— Mendel (1873)

» pojem adi¢ného transmisivniho ,faktoru®,...dnes
genu

— Garrod (1902)
» pojem chemicke individuality

— Motulsky (1958)
» flze biochemie, farmakologie a genetiky

— Vogel (1960)
» pojem farmakogenetika



—...koncepty
— biomarker*:

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

— ,deédi¢na porucha jako modelové onemaatis:

» 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

— reakce faze | a Il“.
» Williams, 1963



pharmacogenetics through perspective of metabolic diseases

— ,Jpharmacogenetic” diseasas,siblings’ of
Inborn errors of metabolism:
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(Valik AACC, Baltimore, 2003)



DAVKOVANI TERAPIE:
...BEZNA KLINICKA PRAXE

stanoveni davky vychazi v naprost
prepcaitu na €lesny povrch pacienta

- (BSA - Body Surface Area
- ...co hwe, rekdy dokoncémotnost
LIMITY ?7?

....stupa korelacemezi BSA

e pripacdh z

a dalsimi

farmakokinetickymi parametry jako nafClearance
nebo AUC (Area Under Curve)



Jpresnost versus spravnost”




FARMAKOKINETIKA
akronym LADME v osudu léiva

* 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



akronym LADME v osudu lélva

« M(etabolism) proces biotransformace lekgtsinou do
podoby hydrofilni, polargsi, a tak Iépe eliminovatelné

— hlavnimi organy biotransformace jsou: jatra, legMimikrosomalni
enzymy)

koncept prodrug > active drug (CFM > 4-OH,CFM)

« E(limination) =finalni exkrece Iéku

— ve formé parentalni sloweniny nebo biotransformovanych
metabolitu

— cesty eliminace - mo zlue, expirovany vzduch, sliny, pot, més&é
mléko



METABOLICKE BIOTRANSFORMACE

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




Farmakogenetika

Zabyva se individualnim genetickym vlivem na:
farmakokinetiku(polymorfni metabolické enzymy)
farmakodynamikypolymorfni receptor)

farmakokinetika farmakodynamika

farmakogenetika




kde nas farmakogenetikaize zajimat

— ...u chronickych, dlouhodobych medikaci

— ...tam se nejvice projevi sutm efekty (interakce,
komorbidita, geneticke vlivy, apod.)

— psychiatrie
— antikoagulani terapie
—onkologie



...protinadorova chemoterapie
= ,, Fizena toxikologie“

e ...vzasadvsechny protinadorové leky majike
terapeutické rozmezi



Timeline | The history of chemotherapy
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hovaiime-li o“personalizaci®

mediciny:
..pojmy:i) odpowd’ hostiteleversus
i) odpowd’léze

e odpovd hostitele:
— ozna&ujeme Jakdarmakogenetiku/genomiku

e odpovd’ tumoru:
— ozna'ujeme spise jakarediktivni onkologii®



...1) pacient jako hostitel

— v zasad |ze zlikvidovat jakykoli nador, jestlize jej
vystavime dostat®me expozici cytotoxickym latkam

o ...takovy koncept je aleczt kompatibilni s davkovanim ,in
Vivo* umoz:ujicim preziti hostitele

— ...presto se objevila schémata jakimse escalation concepts”
vedouci k tzvhigh-dose chemoterapi



...11) tumor jako cil

o cilena terapie”,
— fokusovana naelektivni determinanpritomné
nebo aktivni v tumoru, nikoli v normalni tkani

— ...cave !l recentni udalosti s EPO...

e seznam pouzivanych latek se rouf

— herceptin jako prototypovy lek



... Klinicky problem:éetné komorbidity
interferujici s protinadorovou lébou

— hypertenze

— diabetes mellitus

— dyslipidémie

— onemochni srdce a mozkov&imody

— chronické onemoami ledvin

— pozivani lek alkoholu a parafarmaceutickych prepéarat
— virove infekce a jejich nasledky (hepatitis, etc)

 vetSinou majici nefiznivy vliv na funkgbarenchymovych orgéad diilezitych v
metabolismu

— a sou‘asre
» vedouci kolymedikaci

. ... vyznamne u starsich nemocnych



...tzn. v sodasnosti ped nami stoji

* polygenni models vyznamnouegenetickou
komponentou

— (typicky: chronické choroby parenchymovych organ

— ,multiple mechanisms influence a single trait*
— ... SNPs probably not enough' (w.Evans, AACC 2007)



...[riklady hlavnich farmakogenetickych
determinant protinadorové chemoterapie



CYTOCHROM P 450

* mikrozomalni enzym zapojenylviazi metabolickych gemen pri
oxidativnich procesech

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

tvori komplex maximalé absorbujici sétlo vinove delky 450 niny
Omura, Sato 1964 )

sfada izoenzyrin - nomenklaturni systém zalozeny na rozdilné
sekvenci aminokyselin

sizoenzymy oznéovanyCYP ( CYtochromP450 )1A1




Tamoxifen Prodrug Metabolism
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(CYP2BE, CYP2C9, -
: CYP2C19, CYP3A)
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Goetz, M. P. et al. J Clin Oncol; 23:9312-9318 2005



CYP 3A4

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



UGT1 a IRINOTECAN, CPT 11

« derivat camptothecinu, inhibice topoizomerazy |
Irinotecan

J karboxylesteraza

SN38

J UGT 1A1

SN38 glukuronid
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DIHYDROPYRIMIDINDEHYDROGENAZA

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....



...nase projekty

e prof. J. OBrien,
e prof. J. S¥rba,

Dr. M. Radina,
Dr. D. O Kane,
prof. Steve Wong,

Dr. A. van Kuilenburg

BGL, Mayo Clinic,
KDO FN Brno

OC NJ

DCBI, Mayo Clinic

Medical College of
Wisconsin

AMC Amsterdam



Fluoropyrimidiny v terapii kolorektalniho
karcinomu:
data MOU



Values in log scale: LN [X + 1]

AUC 5-FU (mmol.I*.min™)

4.0
3.5
3.0
2.5
2.0
15
1.0
0.5
0.0

Ratio of AUC values: 5-FU / DHFU

1.8
16
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

A

E

plasma AUCs (5-FU, DHFU)

=

oy}

BC

v

C

AUC DHFU (mmol.I*.min™)

3.0

A
A A
25 A
2.0 - E
151 pyrimidine salvage
\
uraxil thymine
0.5 1 NADPH + HT NADPH + H™
0.0 NADP* NADP
| I ] v dihydrouracil dihydrothymine
Ha Hq 2

:[ 95 % Confidence limits

B Mean value

beta-ureidopropionate beta-ureidoisobutyrate

ghle} HoQ
beta-alanine beta-aminoisohutyrate

MH4t + COy NH4t +COy

urea synthesis

A-C: marks of statistical significance
Variants marked by the different letter are
mutually statistically significant (p < 0.05).



Table 5. Genomic data in relation to CHT-related adversea$f (pilot examination, N = 23)

Adverse effects severity score
- all % calculated within columns -

I-1l (N =8) Il -1V (N =15) p level®

Total number of mutations
per patient

1 0% 20 %

2-3 50 % 40 % 0.180

4-5 50 % 40 %
Exon sequence variant$
Exon 2

c. 85 T>C (T85C) 75.0 % 40.0 % 0.127
Exon 6

c. 496 AG (A496G) 75.0 % 40.0 % 0.103
Exon 7

IVS7-118 A>G 50.0 % 46.7 % 0.878
Exon 23.3A

c. 3947 GA (G3947A) 75.0 % 46.7 % 0.126
Exon 23.3B

c. 3959 GT (C3959T) 75.0 % 53.3%

c 4079 BC (T4079C) 0% 6.7 % 0.185

c. 4059 BC (T4059C) 0% 6.7 %

! Score aggregating frequency and grade of toxiatsy@creasing from degree | (no toxic
effects of CHT) to IV (severe effects of high gradievated in time); see also Table 2.

Groups Il and IV were summed due to similaritydefa.

2 p level of applied statistical tests: MxE test for association between genomic data and

toxicity scoring

% Only exons with relatively frequent mutations thHow statistical processing are included.



komentd k pribéznym vysledkm ...

* nejlepsim indikatorem toxicity bylg,5-FU/,,cDHFU
— nejde bohuzel prediktivnitest

» je to ale pravdpodobr jediny tesischopny také odhalit
deficienci DHP (van Kuilenburg, Clin.Cancer ResQ2p

» pozorovali jsme vyznamnou interindividualni variabilitu
v genu pro DPYP
— avSakbez vztahke klinicky manifestni toxieit

e studie je prospektivni> shromazujeme data o vztahu k
efektu



Biomarkery odpo#di na terapii v
détske onkologii

high-dose methotrexate

Urovai studia:

geneticka — MTHFR
proteomicka — SELDI-TOF ,
metabolomicka — plasmatické biomarkery
celulomicka — exprese p53



...souhrn fyziologie folat

DNA synthesis

§

é

AICARFT
PURINES

/I;-CHO'THF

—l




...p0 podani methotrexatu

L i, |

4

@ MTHFR

S

Glycine Serine

AICARFT
PURINES

2
MS

SAH ¥—Methionine

Formate\
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Homocysteine

= = N N
o o1 o o1
1 1 1 |

(average AUCpmol.1 ' h'l)
o1

A. Folate < 10 nmol.I*

AB

e >
=

25 -

20 -

15 +

10 -

B. Folate > 10 nmol 1

Methotrexate (average AUC totaltmol.I".h o 2)
l. < 1000:Il. 1000 - 1599Ill. = 160(

:[ 95 % Confidence limits

B Geometric mean



ex vivoinduction of p53 (bone marrow blast cells, prior to

any therapy)
- - -~
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SELDI TOF mass spectrometryChip CM10, pH = 6, : plasma specimens
during MTX administration;

apparent difference at the molecular weight 3800Da.

This new peptide or protein is induced upon thenraply HDMTX
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Skarby TV, et al:High leucovorin doses during high-dose methotrexate
treatment may reduce the cure rate in childhood ade lymphoblastic leukemia.
Leukemia. 2006 Nov;20(11):1955-62

« HDMTX treatment of 445 children with ALL.

o ...thathigh LV dose is related to higher risk for relapse.
Doubling of the LV dose increased the relapse risk by
22% (95% confidence interval 1-49%, P = 0.037/

e ...results suggest that high doses of LV increase the risk for
relapse despite the fact that they were correlated with high
MTX levels and longer MTX elimination time.



“...Our philosophy [is] that chemotherapeutic agents are not only ends in
themselves but also serve as tools for unlocking doors and probing Nature's

mysteries”
Dr. Gertrude Elion Nobel lecture 1988
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Azathioprine

Metabolism of 6-MP

6-Mercaptopurine
(6-MP)
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TPMT (Thiopurin S-methyltransferaza)

» deficit &i snizena enzymova aktivita (1:300) - dusledek pritomnosti funkénich
polymorfizmU v kodujici oblasti genu TPMT (6p22.3)
- v bélosské populaci 89% osob normalni aktivita a 11% snizena aktivita
- do dnesni doby popsano 27 funkénich polymorfismu
- nejCastéji se vyskytuji deficitni alely oznaCované TPMT*3A (55%), TPMT*3C,
TPMT*2 a méné ¢asta TPMT*3B

doii2 188 93 13353758645 2070 Gen TPMT ma delku 34 kb, sklada se z 10 exon ua
b woe 1 ']—I—I'I'I'I'I-I:— 9 intron @ a je lokalizovan na chromozomu 6p22.3

- ATe Mezi nejb 82né&j&i polymorfizmy pat i G238C,
G460A, A719G

Tz | H

TPMT2A

| Predpoklada se zna¢na mira korelace genotypu
e e TPMT s fenotypem, ktery byl stanoven méfenim
| g erytrocytarni TPMT aktivity

ATG

TPMT* 3 —{ H &

TPMT*3C




Rozlozeni aktivity enzymu TPMT v naSem souboru v zavislosti

Genotyp TPMT Pocet pacienti
*1/*1 (wt) 86 (87%)
*2/*1 3 (3%)
*3A/*1 (*3B/*3C) 9 (9%)
*3B/*1 0 (0%)
*3C/*1 0 (0%)
Celkem 99

2 184 93 13353758645 070
I

TPMT*1 L -

(wild type) HE

AT19G

{Ala—Thr) (Tyr—Cys)

(nmol/hod/mIRBC)

10,00

5,00

Aktivita TPMT

0,00

na zjiSt éném genotypu

n=99
3
‘ g
i
§ v
¢
O
; ; : 4
*2[*3A *2[*1 *3A/*1 *1/%1 (wt)




Rozlozeni aktivity enzymu TPMT v zavislosti na zjisSt  éném genotypu

n=99 16

B e

Pocet jedincd

@ *2/*3A B *2/1 @ *3A/1 @wt

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Aktivita TPMT (nmol/hod/mIRBC)

o3
Lg’ 12 Vzhledem k tomu, Ze uvedené polymorfizmy a
o 10 nerovnomerné rozlozeni aktivity TPMT v
- 3 I — populaci muze zplUsobovat velké rozdily v
>§ I — ucinnosti léCby,je komplexni farmakogenetické
a 6 vySetfeni zahrnujici stanoveni aktivity TPMT a
4 I ~ prislusného genotypu pred zacatkem léCby
I velmi dobrym nastrojem pro uréeni vhodného
2 B / .‘ davkovani léciva.
| - NJanll

2 4 6 |
8 10
214116 18 50 5,
24 26 28 30
Aktivita TPMT (nmol/hod/mIRBC)



Otec pacienta — genotyp TPMT*1/*2
1 2 3 4 5 6 7 89 10

G238C
Pacient — genotyp TPMT*2/*3A (Ala- Pro)

G2460A A719G
(Ala=Thr) (Tyr-Cys)

choch

ek

Gen TPMT ma délku 34 kb, sklada se z 10 exont a 9 intrond a je lokalizovan na chromozomu 6p22.3. Sedé useky znazorfiuji
exony s otevienym ¢tecim ramcem, bilé Useky pak neprekladajici se ¢asti genu, zelené boxy jsou vySetfované lokusy v exonu
5, 7, a 10, oranzové boxy predstavuji lokusy, kde byla detekovana mutace. Otec pacienta je nositelem mutace TPMT*2
(asociovéna se snizenou aktivitou enzymu) - heterozygotni genotyp TPMT*2/*1 s aktivitou enzymu 13,4 nm/hod/mligg.
Pacient je sloZzeny heterozygot pro vSechny tfi sledované mutace v genu TPMT. Vyrazné snizena aktivita TPMT (2,4
nmol/hod/mlizg) koresponduje se zjiSténym genotypem.



fojeen
158] PRO|UMO] § B

¢« 513 Yoleggieas 1555y

ud|

lsquiny jse] 2
alaymhleng o
aseas|q 2
alleN 1s8] ®
U INL T S33A00IUIAIT ((LIND L) BSEIBJSURIAYIE -UaIee8
sulndoly] : 16208 P07 JUN MalA Ajpusiiy Julig (e

‘abeg |letig abeg Julid SN IN0GY JBIUT BLLI0JBM JUBIID ZAXMAN
sephoo i Al '(IWdL) | /y o 40 N

aselajsuelyjAyien aurindoiyl :MaIAIBAQ 16208 e

413 Qa29YVY #
:awep s3] Ag asmoug

' 50]18UB9) | WL Shayleliold T 's)18uen 1 INdL Snayiailold
159516 BPOD 1UN MBIA AjpuBlid Julld "abed |1ewig abeg

JUlid SN INogy “BIuBD BLL0DJBA, JUBI|D 'B0IAJBS JBLoisn] 2
$2138U8D 1 Wd1 Shayjawold :M3IAIRAQ S9ST6 2AK WA
LS¥0OdON

@O_Emo I9)Sayd0y winriHo
_ 43ado289v#
Bojejes abueyn 10} S}|NsSay YalesS ey

|39%d IWWIE 30 INIdd =) mo_m”_.mo __.wml_l

1950 MaN swoH

7 sajiojeloqen [eajpojy ofely
SalI0EI0qE [B2Ipal OB Laieas DINITO OAVIN

Widi=tyeasgauelsai=add i eas:dyd  eas BojRiel-1sayod salmiRIaqe|RIRAWaARIL Mt 2y ..P_ M ¥ D +EAe

R0Ja41 BJ[IZ0}y - SAL0JEJ00R] _mu___uur_ kel




DY STD) ISBAX UT 9(JZJAD 10AIT URTUNF] 9ATIOY A[[e
-uonoun,] Jo uorssaIdxy prorx YsiH,, “Te 19 “A T ‘TYSIouAry
(5667

'901) €S6-6¥6:C6 VS 1S PYIV [IN D04d FoSeIdJsuel)
-[Ayjowi—g surindory], uewnf Ul AJIATIOY SMATRIR)) JO SSO]
0] SUIpeY | UOTIRINJA JUIO] 2[SUIS V,, “T8 12 “A " ‘TYSIPUATY]
(SL6T) L6V=S6v:9ST

4N Kogoodg paurapald Jo Apoqruy Surjainag s[o)
pasng Jo SaImny) SNONUNUO.),, “7) ‘UIASTIA pue “0) IOy
(66T “ST daS) 6T6€-8T6€:(61)CT

'say Spy pnpN Jfsoouonbag y)/OL 1B VN( S9ABI)
[Y1AD) 9SEI[ONUOPUH UOHOMISAY MIN, “Te 10 Yy "UIf
(€66T) L88-8LY:€Y [0ovutivyd “22jo) VNA? 112D
BUIOULDIE)) UOO)) $], JO uoIssaidxy pue Suruol) Ie[noa[oN
:0SBIOJSUBRIAYIO ouLIndory [, UBtIng,, ‘T8 19 Y ‘[2yoUoHq
(S66T “TT TeIN) $19-019:Sh¢ JoounT S‘uonejuerd

-suel], Asupry 191y sundoryiezy 01 uLodso[oA,) woij uors
-19AUO)) JO SIO0PH [BIOYAUAY,, T8 12 “['N'V'V ‘JOpPUB[[OH
(066T) TES-6TS9€E 12oupT uon

-eoyidury ¥YDJ oY0adS—o[9[y AQ 2uInbosLqa(] Jo SI1asT]
-0QRIAIA 1004 Jo SurdKjouan),, vy “IAJA pue “JN ‘WIdy

8L ‘6 ‘8/S€6 ‘S'€T ‘€€ ¥T/9ES

“0T8 “TI6 *9/Ggpy 21838 Jo pPII  [8¢]
SL/SE6 ‘6/SE6

'8/GE6 SET/9ES CEFT/OES TEHT/9ES

AOH%\WM._“ ANH@\WM._N nW\Wm.—u .............................. .—HV -m.: _HNWH_
F0/TC HLOO
n.vm\@H m—NHU nWW\M ONMO .............................. mu.—mu .ﬁﬂﬂ _H‘_”mu_

S66T b1 "ony porny  [ez]
126‘v1S “oN '1ddy  [17]

auaf, ‘stydwapy ‘rendsoy
[DIRISAY S UIP[IYD apnf ") :e0uBissy  [¢/]

"TUIY, “BAOPIO)) JO [10q ‘DYSIPUATY]
‘X U3y ‘sueAj] i WRI[[IAA SIoiuoau]  [G/]

AOHYAHL SHSA DILSONDVIA NV
ASVIAASNVIALTAHLAN-S ANRINdOIH.L
NVIANH 40 SHTATIV INVLON

TAAON OML 40 NOLLVOIILINAAI [#S]

6661 ‘S ‘uef JudIRJ Jo e st

S60°9S8‘S

pquny juded (11l
V<609¢8€00SN

‘Te 19 SuBAT

1 JudYe SAJeI§ pajru)



zawer...farmakogenetické vysemni
statutu/drahy TPMT

e Prac...7?:
— davkovani, toxicita

o Jak...?:
— komplexnim korelativnim vyS&tnim genotyp/fenotyp

e Je-li dostaténo...?:

— neni (1), pro uplnost jgeba jest farmakodynamicky
parametr \fase, tj zde vysstni thioguaninovych
nukleotidi v pribéhu l&by



Farmakogenetika 2011...

kde prameni jisty skepticismus ...?
..pojmy:

» farmakogenetika versus prediktivni onkologie

..¢asto pouze suplement fenotypovych tast
» Warfarin+INR, UGT1Al+bilirubin, antihypertensivaikT

..relevantni biomarkery:

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

..faktor ¢asu:

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



evidence-based medicine
vVersus
personalized medicine

— >...mohou-li byt tyto dva konceptyaleec kompatibilni?

— EBM je postavena na robustnich skupinovych statistikach, které vedly k
VYVOji protokoli

— whereas personalized medicine operates with rate of deviation from ,group
average

o >>7? . .Ize-li studovat personalizovanou medicinu pamstandardnich
metod klinickych zkouSek

— ...cas znovu studovat ,personifikovatelné® pranme, v klinickych znamek
(individualni toxicita, apod.)

— to adopt some degree of toxicity as efficacy marker...(Capizzi 1997)



Lzavrem

e ...co bychom patbovali v Kklinice:

o |) prediktivni a individualizovanou informaci o:
— toxicité
— lékovych interakcich —jak potenciace tak suprese

* 1l) individualn¢ interpretovatelnou informaci o
— adjustaci davky —nejlépe i v¢ase

— vystupy:
e pravdEpodobre nepijde o jeden metodickyifstup
— nastroje: analyza drah, biomarkery, (geneticke, solubilni, klinicke ?)



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

1 have & double, fe/jx /
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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.



