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Tailored treatment

For Immediate Release

Initiative
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Individualized therapy
Personalized medicine
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FACT SHEET: President Obama’s Precision Medicine

h average baienh 0d e s |
treat ments can

for some patients but not for others. This is changing with the emergence of
precision medicine, an innovative approach to disease prevention and treatment

that takes into account individual differencesinp € 0 p | e 0 Senviyadmestss
and lifestyles. Precision medicine gives clinicians tools to better understand

the complex mechani sms

and to better predict which treatments will be most effective.

which treatments will be most effective.

better understand the complex mechanisms underlying a patient's health, disease, or condition, and

underl ying a pat.i

correct diagnosis/pathophysiology 2

correct drug 2

correct dosing
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FARMAKOGENETISKE ANALYSER

Kliniske opplysninger. Spesifiser problemstilling. Vekt kg
Rppyker 1aONei O
Red. nyrefunksjon JaONeiOD |
Indikasjon for analyse: 1=
O Bivirkninger O Oppstart —
O Mangelfull effekt —
O Annet: . L )
Legemidler {evt. vedlege) Oopstart/doseendrine (dato)l Morzen imgl Middaz ime)  Kveld [me) Dato siste dose Tidsounkt (k1) I :

1 FOTA/Citrat rpr

Gener som analyseres

111

(CYP-analyse O CYP-screening (CYP2C9, CYP2C19, CYP206)
0O Enkelt{e) analyse(r):
LEG | Depresjon [J SSRi-panel (citalopram (Cipramil), escitalopram [Cipralex), flucksetin (Fontex), fluvoksamin (Fevarin), | SLCBA4, CYP2D6, CYP2C19
"y paroksetin {Seroxat), sertralin (Zoloft)) o
- O Venlafaksin (Efexor) CYP2D6
o O Bupropion {(Wellbutrin) CYP286
O [ TCA {amitriptylin {Sarotex) og gvrige TCA) CYP2D6, CYP2C19
g [J Andre {duloksetin (Cymbalta}, mirtazapin (Remeron), mianserin (Tolvon), vortioksetin (Brintellix)) CYP2D6
O | Psykose O Aripiprazol (Abilify), Nupentiksol (Fluanxol), haloreridol [Haldol), perfenazin (Trilafon), CYP2D6
g risperidon (Risperdal), sertindol (Serdolect), zuk tiksol {Cisordinel)
o : a I Fenytoin CYP2C9
g Epilepsi 0O Lamotrigin (Lamictal) UGT1A4
8 ADHD 0O Atomoksetin (Strattera) CYP2D6
g Smerte [ Opioid-panel {(kodein (Paralgin/Pinex forte), tramadol (Nobligan), morfin (Dolcontin) og evrige opioider) | CYP2ZD6, OPRM1
“lHjerte/kar O Marevan-panel (warfarin) CYP2C9, VKORC1
0 Statin-panel (atorvastatin (Upttor), lovastatin, pravastatin (Pravachol), rosuvastatin (Crestor), semastatin (Zocor)] CYP3A4, CYP3AS, SLCO181
— 0 Klopidogrel [Plavix) CYP2C19
(= Metoprolol {Selo-Zok) CYP2D6
Diabetes O Sulfonylurea (glimepirid (Amaryl), glibenklamid) CYP2C9
D Aliopurinol (Zyloric) HLA-B*58:01
Andre O Metadon CYP2B6, CYP3AS
M Tamnk<ifen CYPIDAR
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Arsaker variasjon effekt/bivirkninger

AKostholds(u)vaner, livsstil (reyking m.m.)

AAlder, kjgnn

AOrganfunksjon (nyrefunksjon/GFR m.m.)

Alnflammasjon, akutt sykdom

Alnteraksjoner (legemidler/naturmidler i arug/drug interactions

AFarmakogenetikk/arv (medfedt variasjon i &ene/drug interactionsd

Betydning av enkeltfaktorer kan avhenge av andre




Farmakologisk variasjon i ulike mekanismer

Reseptor/malprotein
- Forsterket respons
- Nedsatt respons

Transport blod-hjerne-barrieren
- P-glykoprotein m.fl
- Nedsatt/akt

Lever
- CYP + andre
- Nedsatt/gkt

Nyrer
- Filtrasjon
- Hemodynamikk

+ Mma S S e transpor



Cytokrom P450 (CYP)

Endoplasmatisk
retikulum

Legemiddel
(substrat)

Metabolitt

e
cyto celle
krom farge

P450 enzymer (proteinerppakoin hbsomaks$ o indbEmn I

Enzymene CYP1A2, CYP2C9, CYP2C19, CYP2D6 og CYP3A4
generelt viktigst i human legemiddelmetabolisme

Individuelle variasjoner i enzymaktiviteter:

INTERAKSJONER
hemmere (reduserer nedbrytning)
indusere (gker nedbrytning)

GENETIKK (CYP2D6, CYP2C9, CYP2C19)
medfgdte variasjon (livslang)



CYP2D6-interaksjon: metoprolol (selo zok) + antidepressiva

Cardicvasc Drugs Ther, 2004 Jul;18(4).325-30.

Severe sinus bradycardia after initiation of bupropion therapy: a probable drug-
drug interaction with metoprolol.

McCollum DL, Greene JL. McGuire DK.

# Author information

Abstract
Bupropion is an increasingly prescribed agent to aid in smoking cessation. However it has important
drug-drug interactions related to the cytochrome P450 system. One of these is its inhibition of the

metabolism of the commenly u Interaction of metoprolol and fluoxetine
bradycardia related to the add

Plasma concentratinan fna/mh

SIR,~5S¢lecuve serotonin reuptake mhabators (SSRIS) are a new
l class of drug. whose adverse effects and interactions have not been
tully identified. A 54-year-old man developed angina 4 years after

1 coronary artery bypass grafting and was prescribed metoprobol 100
0 2 4 6 8 1012 14 1 mo dajly. His angina improved and his pulse rate at rest was 64 /min.

Time (h) A& month later, he was prescribed fluoxetine 20 mg daily for
depression. Within 2 days, he complained of profound lethargy, and
had a bradvcardia of 36/min. Fluoxetine was discontinued, and his

pﬂ"‘“lﬁ*ﬁ ". 'l"‘l""‘:n'I'Tl'l'l'I.

5-10% av pasientene fadt med like darlig metoprolol-metabolisme

som Seroxat, Wellbutrin/Zyban eller Fontex me d f Br er e .

Lancet. 1993 Apr 10;341(8850):967-8.



CYP-genetikk T medfadt treg eller ultrarask metabolisme

A1 allel fra mor og 1 allel fra far

ACYP2D6

- 5-10% homozygot trege omsettere ( 60 p metabolizers6 PMs)
- 2-5% ultraraske omsettere (udtrarapid metabolizersé UMSs)
- Metoprolol (Selo Zok) + mange psykofarmaka,

kodein, tramadol*, tamoksifen*++

ACYP2C19
- 3-5% PMs (15-20% blant asiatere)
- 3-5% UMs
- Antidepressiva (bl.a. Cipralex),
klopidogrel* (Plavix) ++

ACYP2C9
- 1-3% PMs
- Warfarin (Marevan), losartan* (Cozaar), sulfonylureaderivater ++



Codeine Intoxication Associated

e T with Ultrarapid CYP2D6 Metabolism

Yvan Gasche, M.D., Youssef Daali, Pharm.D., Ph.D., Marc Fathi, Ph.D.,
Alberto Chiappe, Silvia Cottini, M.D., Pierre Dayer, M.D.,
and Jules Desmeules, M.D.

?
§ |

SUMMARY

Life-threatening opioid intoxicaton developed in a patient after he was given small
doses of codeine for the reatment of a cough associated with bilateral pneumonia. Co-
deine is bioactivated by CYP2D6 into morphine, which then undergoes further glucu-
ronidation. CYP2D6 genotyping showed that the patient had three or more functional
alleles, a finding consistent with ultrarapid metabolism of codeine. We attribute the
toxicity to this genotype, in combination with inhibition of CYP3A4 activity by other
medications and a transient reduction in renal function.

N ENGL ] MED 351;27 WWW.NEJM.ORG DECEMBER 30, 2004

Respirasjonsdepresjon etter liten dose kodein

—

—

CYP2D6 UM [gkt morfin fra kodein]

-

CYP3A4-hemmere: Klacid + soppmiddel
[mer kodein via CYP2D6 (-> morfin) enn CYP3A4]

I Akutt nyresvikt

[akkumulering av aktiv morfinmetabolitt]



Lancet 2006; 368: 704

Motherisk Program,
Hospital for Sick Children,
555 University Avenue,
Toronto, Ontarko M5G 1X8,

Pharmacogenetics of morphine poisoning in a breastfed
neonate of a codeine-prescribed mother

Gideon Koren, James Cairns, David Chitayat, Andrea Gaedigk, Steven | Leeder

In April, 2005, a full-term healthy r
vaginally, showed intermittent per
breastfeeding and lethargy starting
well-baby paediatric visit on day 11, th
that the babv had regained his birl

Codeine, Ultrarapid-Metabolism Genotype,
and Postoperative Death

To THE EnITor: Obstructive sleep apnea is not
rare in children with hypertrophic tonsils, and
the common curative procedure is adenotonsillec-
tomy.! Codeine is commonly prescribed for pain
after adenotonsillectomy.? The respiratory depres-
sant effects of opioids may influence the occur-
rence of respiratory complications.® An estimated
one third of cases of apnea in children are not re-
solved after adenotonsillectomy.*

We report on the case of a healthy 2-vear-old
boy weighing 13 kg, with a history of snoring and
sleep-study—confirmed sleep apnea, who under-
went elective adenotonsi! lectonwy. The outpatient
surgery was uncomplicated, and 6 hours after sur-
gery the boy received 10 mg of meperidine and
12.5 mg of dimenhydrinate intramuscularly and
was sent home with instructions for 10 to 12.5 mg
of codeine and 120 mg of acetaminophen syrup
to be administered ora'ly every 4 to 6 hours as
needed. On the second evening after surgery, fever
and wheezing developed in the child. At 9 a.m.
the next day, the child's vital signs were absent,
and resuscitation efforts failed.

Postmortem examination showed evidence of
chronic tracheitis, aspiration of food particles, and
bilateral consolidation in the lungs that was con=
sistent with bronchopnenmonia. Codeine (0.70 mg
per liter) and morphine (22 ng per milliliter) were

detected in the femora! blood by means of gas
chromatography-mass spectrometry; there was
no evidence of other drugs or metabolites. Cyto-
chrome P-450 2D6 (CYP2D6) genoty ping revealed
functiona! duplication of the CYP2D6 allele, result-
ing in the u!trarapid-metabolizer phenotype.

In this case, the prescribed and administered
dose of codeine was within the recommended
range of 1 to 2 mg per kilogram of body weight
per day.!* Increased conversion of codeine to mor-
phine due to ultrarapid metabolism resulted in
toxic accumulation of morphine. The concentra-
tion of 32 ng per milliliter of morphine at autopsy
exceeded therapeutic levels and may have contrib-
uted to respiratory depression and death. Respira-
tory depression has been shown in young children
with serum morphine concentrations exceeding
20 ng per milliliter.?

The boy had other contributing factors that
should be considered. Autopsy results indicated
evidence of bronchopreumonia, further enhanc-
ing the risk of hypoxemia. As many as a third of
young children with obstructive sleep apnea re-
main symptomatic after adenotonsillectomy,*
showing decreased responsiveness to increases
in the partial pressure of carbon dioxide.® Recur-
rent episodes of hypoxemia may lead to alterations
in the p-opioid receptor and increased sensitiv-

N EMGL) MED 361;8 MEJM.ORG aUGUST 30, 200§



Trege omsettere pvs)yfargener el t mest oO0oppg

ADérlig effekt av prodrugs

NB! tamoksifen og klopidogrel

Noen legemidler ma omdannes i kroppen til aktive metabolitter for @ ha effekt. Genetisk variasjon medfarer
ulik metabolismekapasitet og kan innebzere manglende omdanning av legemidlet til aktiv substans. Dermed
er det fare for at noen pasienter ikke far tilfredsstillende virkning av livsviktige medisiner. For a unnga dette
mener vi at genotyping ber vurderes ved oppstart av slike medisiner.

Tidsskr Nor Legeforen 2016; 136: 434-6
Vigdis Solhaug CYP-genotyping er et nyttig verktey for begge metaboliseres via CYP2D6 til hen-

E"Q'df_s- 53“:*‘:9@9"—5"‘””5?"-"9 a forhandsbestemme hvilke pasienter som holdsvis morfin og O-desmetyltramadol.
spen Motden vil ha best utbytte av behandlingen. for a gi smertestillende effekt (4).

A@kt risiko dose-avhengige bivirkninger av mange legemidler

- Bergrer i stor grad antipsykotika og antidepressiva




CYP2C19-genetikk: betydning for konsentrasjon av escitalopram

25 — ARTICLES T —
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CYP2C19-genetikk: betydning for terapisvikt av escitalopram

A2 087 pasienter med escitalopram-malinger og longitudinelle monitoreringsprofiler av antidepressiva

- Primaert endepunkt: Bytte (switch) til andre antidepressiva <1 ar etter siste escitalopram-maling
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Based on data from Center for Psychopharmacology, Diakonhjemmet
Published Am J Psychiatry (IF 14.2)1 2018 May 1;175(5):463-470
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Reseptor-genetikk og klinisk respons av SSRIT SLC6A4

A® r o mo imatasfon i serotonintransportgrgenet
- Lang (I) eller kort (s) promotorvariant
- |-allelet gir hgyere uttrykk/aktivitet av transporter
enn s-allelet
- Homozygote baerere av s-allelet:
15-20% blant kaukasere, 40-50% blant gst-asiatere
- s-allelet assosiert med nedsatt effekt og mer

bivirkninger av SSRI
Serretti A, Mol Psychi 2007;12:247-57; Kato M, Mol Psychi 2008:1-28

Serotonintransporter



Reseptor-genetikk og klinisk respons av opiater i OPRM1

The Pharmacogenomics Journal 15, 255-262 (June 2015) | doi:10.1038/tpj.2014.59

Association of OPRM1 A118G variant with
risk of morphine-induced respiratory

depression following spine fusion in

adolescents A118 A>G; aminosyrebytte fra

. , _ . _ asparagin til aspartat
V Chidambaran, J Mavi, H Esslinger, V Pilipenko, L J Martin, K Zhang and

S Sadhasivam

The p1 opioid receptor (OPRM1) genetic variant A118G results

in decreased p-receptor binding potential in the brain and
increases morphine requirement. We hypothesized that OPRM1 AG-baerere stgrre dosebehov
A118G polymorphism will affect morphine-induced respiratory
depression (MIRD) risk in children receiving morphine. A

AEndret fglsomhet av reseptor

prospective genotype-blinded study was conducted in 88 AHypplg het G-variant:

healthy adolescents (11-18 years; 67% female, 85% Caucasian)

who underwent spine fusion for scoliosis. They were followed - 10-15 % blant kaukasere
for 48 h postoperatively for MIRD, pain scores, morphine )
consumption and use of analgesic adjuvants. Patients were - 3-4 % blant afro-afrikanere

genotyped for OPRM1 A118G variant—76% were wild type (AA)
and 24% heterozygoushomozygous for variant (AG/GG).
Multivariable logistic regression showed that the risk of MIRD
in patients with AA genotype was significantly higher (odds
ratio 5.6, 95% CI: 1.4-37.2, P=0.030). Presence of G allele was
associated with higher pain scores (effect size 0.73, P=0.045).
This novel association is an important step toward predicting
MIRD susceptibility and personalizing morphine use.




Praktiske aspekter farmakogenetiske analyser

AEnkel blodprgve
AKostnad; +/- 1500,- avhengig av type analysepanel (ca. 100,- per mutasjon)

AEngangstest/livslang gjenbruk av prgvesvar (valg legemiddel/dose)
- Kritisk info, Kjernejournal

- Legemiddel/gen-interaksjonsvarsel

Alndikasjoner
- Prospektiv/forebyggende 1 tilpasse behandling fra oppstart

- Restrospektiv/utredende i arsaksanalyse avvikende respons

AKritiske punkter i helsevesenet
- Tydelige(re) retningslinjer
- Kompetanse

- Informasjonsoverfagring



Hovedpoenger

AGenetisk variasjon viktig arsak til dose-avhengige

bivirkninger og mangelfull effekt av legemidler

AGentesting bgr brukes aktivt pa utvalgte pasientgrupper

- Ikke dyrt, engangstest: |lgse/forebygge problemer
- Tilpasse legemiddelvalg og dose basert pa pasientens genotype

- Sikre livslang gjenbruk av prgvesvaret pa tvers av terapiomraderé

ANB! kombinasjon genotype og andre faktorer

- Eks. nedsatt nyrefunksjon eller legemiddelinteraksjoner

Mal: elektronisk lgsning som kobler genotype og legemiddelforskrivning







