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Pharmacogenetics-passport

=
' - Name: Jane Doe
G : saf ety COd Date of birth: 01.02.1934

Medication Safety Code invtiative

Gene, status Critical drug substances (modification recommended!)
CYpP2C19 Clopidogrel, Sertraline

Poor metabolizer

CYP206 Amitrptyline, Aripiprazole, Clomipramine, Codeine,

URtrarapid matabolizer Doxepin, Halopendol, Imipramine, Metoprolol,
Nortriptyline, Paroxetine, Propafenone, Risperidone,
Tamoxifen, Tramadol, Venlafaxine

™PMT Azathioprine, Mercaptopurine, Thioguanine
Poor metabolizer

Other genes ABCB1, ADRB1, BRCAL, COMT, CYP1A2, CYP2AS,
Not actionable CYP286, CYP2CS, CYP3A4, CYP3AS, DPYD, GEPD,

HMGCR, P2RY12, SULT1AL, UGT1AL, VKORC1

Date printed: 10,12.2015 Card number: 0000001




Three patients at the GP/pharmacy /

Three patients A, B, C
ldentical:

* Symptoms
* Diagnostic procedures
e Diagnosis X

» Treatment: Drug Rx at a dose x mg/day




Three patients at the GP/pharmacy /

After 3 weeks
 Pat A: still symptoms, no effect of drug
e Pat B: symptoms resolved

 Pat C: still symptoms, side effects

How is this possible?
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‘Most drugs don’t work’

Effective (%).....

Alzheimer 30
Depression (SSRI) 62
Asthma 60
Diabetes mellitus 57
Incontinence 40
Migraine (acute) 52
Migraine (profyl.) 50
Cardiac dysrhythmia 60
Tumors 25
Schizophrenia 60
Rheumatoid arthritis 50
Reumat. art. (Cox-2) 80
Hepatitis C 47

Spear, Trends Mol Med 2001;7(5):201
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= decreased glucose-tolerance
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Table 1 Selected single nucleotide polymorphisms associated with type 2 diabetes mellitus
Gene rs number Chromosome Risk allele Year Mechanism
NOTCH2 10923931 1 T 2008 Linkrown
THADA rs7b7B627 2 T 2008 Unknown
IGF2BF2 rs4402960 3 T 2007 proell dysfunction
FPPARG rs1B012B2 3 C 2000 Insulin sensitivity
ADAMTSS rs4607103 3 M 2008 Linkrown
WF5sT s 10010131 4 ] 2007 Linkrown
CDKALT =77 54840 G C 2007 freell dysfunction
JAZF1T mB64745 7 A 2008 proell dysfunction
SLC30A8 513266634 8 C 2007 froell dysfunction
CORNZA/CDENZB s10B11661 g T 2007 proell dysfunction

rshG64308 a A

TCF7L2 s7I03146 10 T 2006 proell dysfunction
HHEX/NDE 1111875 10 ] 2007 proell dysfunction
CDC123/CAMKID =1 2778780 10 G 2008 Unkrown
KCNJTT 5219 11 T 2003 f-cell dysfunction
KCNO1T s22378572 11 C 2008 f-cell dysfunction
MTNRTEB s 10830963 11 ] 2009 Disturbance of circadian rhythm
TSFANB/LGRS rs7TE61681 12 C 2008 Unknown
FIQ msBO50136 16 A 2007 Obesity
HMF-18 (TCF2) =757210 17 A 2007 f-cell dysfunction

Swen, Pharmacogenet Genom 2011;21:461



Prescribing drugs — Trial and Error /

Clinical studies
Dx

eInclusion criteria

Guideline

*Age

First choice Drug -Organ function

*‘Normal’ dose *Severity of disease
*Individualize

*Co-morbidity

*Co-medication

*Age, Organ function

Monitor effect

Drug dose

- °Increase/decrease
Switch drug

*Second choice Drug

°Liverfuncti0nl Mialiia




Individualizing drug treatment /

organ function
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drug use drug levels
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Drug response is a heritable trait /

responds to

d ’ normal dose

responds to
lower dose

responds to
higher dose

responds to
alternative medication




Mei 1975: Debrisoquine
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Debrisoquine — 4-hydroxydebrisoquine /

METABOLIC RATIOS (DUPLICATE VALUES )™ IN 6 EXTENSIVE

POLYMORPHIC HYDROXYLATION OF METAROLISERS AMD THE 3 NOM-METAROLISERS
DEBRISOQUINE IN MAN
¥ Diose excreted 1n 8B b oas
A, MAHGOUR J- R. IpLe I — Metabolic
L. G. DriNg R. LANCASTER Subject mo. Debrisoquine | +-Hydroxydebrisoquine . ratio
R. L. SMmITH —— :
Deparcmenst of Biochemical and Experimenial Pharmacolagy Exrensive
and Department of Clintcal Pharmacology, 5t Mary's mriabolisers:
Hospital Medical School, London W2 1PG 1 15.7 5.9 0.6
Summary  Debrisoquine and its primary metabe 41-3 33 0-7
lite, 4-hydroxydebrisoquine, were mes 2 16-6 30-3 0-5
sured in the urine of 94 volunteers afler a single orsl 323 45.0 0-7
dose of 10 mg debrisoquine. The ratio between excreted 3 28.9 29.5 10
debrisoquine and ils metabolite was bimorphically distr- 20-10 73. 4 0.8
buted in the study population. Family studies supported 4 i 45.1 45.4 1.0
the view that alicyclic 4-hydroxylation of debrisogquine is 13.-4 46- 3 '?
5 P 2R6 18.7 1.5
10-4 8.1 1-3
Family B FEEE'E & gig 48.2 0.4
11. 2.4 05
9
Non-metabolizers:

‘5 ® 3 o 7 2.7 2-0 21-4
R 2 I8 . o - -
Iy nn ee I ' '

— 9.7 i1 19:3

9 36-7 1-6 2249

® ® 18-0 0-9 20.0

R-06 R=38 R=09 j6-4 2.7 20.9
(en} fen) = -

Smith, Lancet 1977(2): 584-586






Survey physicians and pharmacists /

* 97.6% of physicians agreed that genetic variations may
influence drug response (Stanek)

* 99.7% of pharmacists agreed that a patients’ genetic
profile may influence the response on a drug (Bank)

* Did you order or recommend a pharmacogenetic test in
the recent 6 months (Guchelaar, Swen)?

Yes

. 49/, . ~400 GP's
C 1 5% ( ~667 pharmacists




High expectations

Pharmacists expect that a PGx test...

...will prevent a wrong drug/dose I 117 310

0 1 2

...will detect the most efficacious drug/dose 96 309
o 1 2

...will cause less side effects of drug/dose I 124 313
0 1 2

Figure 3. Expectations of pharmacists towards pharmacogenetic testing. Red = | have no expectations that a
pharmacogenetic test... (0); orange = | have low expectations that a pharmacogenetic test... (1); yellow = | have
high expectations that a pharmacogenetic test... (2); green = | have very high expectations that a pharmacogenetic
test... (3).

The size of the bar is proportional to the number of responders.

PGx: Pharmacogenetic.

Bank, Pharmacogenomics 2017:18(3):215-225



Transcription

AUGCUUUCGUAU UACGAAAGCATUA AUGCUUUCGUAU UACGAAAGCAUA
LI

RNA 5’ HENERNRRERN RN RRRNEN I NN RRERN 39

Translation

Met Leu Ser-T‘r Tyr Glu Ser Ile Met Leu Ser T‘r Tyr Glu Ser Ile

Proten - — 0

17 Insert > Header & footer 12-feb-19




Complete sequence human genome is

VARIATIONS IN OUR GENOMES known
Chromosome “the same for everyone”

— —

e il

Typografic errors:

Genes from

-“——ﬂ“—r::_‘ re!erence Letter miS.ing
e Letter too muuch
Deletion (M Nl Interchnage
Tylo
Insertion #AMEEDESCS NTPRIPNT .
Dupliplipliplicationsssss
inversion (I N WM Paragraphs doubledouble
Cocominbed T__‘ Opposite noitcerid
variant ARARALA S .

Segmental  ABECERCHABEC BEC

duplication

Check, Nature 2005:1084



Variability in DNA //
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1: 300-1000 basepairs are I =
different I/ 1)) =
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DNA variants: small changes, large effects /

* DNA

* Protein

* DNA

* Protein

GAA AAG CCTGGT GAAGCCTGGTGA
Glu Lys Pro Gly Glu Ala Trp Stop

ATG AAC CCG ATG AAC TGG
Met Asn Arg Met Asn Trp
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CYP2D6 genotype

y

Allele | Enzyme Genetic variant Allele frequency (%)

activity

Caucasians (Europe) Japan Tanzania

*1 Normal Wild-type 32.2-36.4 43 27.8
*2 Normal 2850C>T, 4180G>C 28.5-32.4 12.3 40
*2x2 High duplication 1-1.3
*3 Absent 2549delA 1-2 0
*4 Absent 1846G>A 17.2-20.7 2 9
*5 Absent CYP2D6 deletion 2-6.9 4.5 6.3
*6 Absent 1707delT 9-1.3 0
*9 Reduced 2615_2617delAAG 1.8-2.7
*10 Reduced 100C>T 1.5-2 38.1 3.8
*17 Reduced 1023C>T, 2850C>T 17
*41 Reduced 2988G>A 8.4

Phenotype : Poor Metabolizer (5-10%)

Intermediate Metabolizer (10-15%)




drugs inthe body

absorption

Absorption

systernm excretion| ] Metabolism
cir culatlon
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Target/Receptor

Signal transduction
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DNA Test

~ /

50% Dose
100% Dose Drug A
Drug A

Drug B




OPEN 8 ACCESS Freely available online PLOS MEDICINE

Research In Translation

Translating Pharmacogenomics:
Challenges on the Road to the Clinic

Jesse J. Swen, Tom W. Huizinga, Hans Gelderblom, Elisabeth G. E. de Vries, Willem J. J. Assendelft, Julia Kirchheiner,

Henk-Jan Guchelaar’

* Providing evidence for improvement in patient care

* Providing information on cost-effectiveness/consequences

* Providing data on diagnostic test criteria

e Selecting clinically relevant PGx tests

* Developing guidelines directing clinical use of PGx testing

* Improving acceptance by patients & health care professionals

Swen, Plos Med 2007(4): e209



Abacavir hypersensitivity

Acenocoumarol / % time between therapeutic

Fenprocoumon INR

Warfarin % time between therapeutic
INR

Warfarin % time between therapeutic
INR

Mercaptopurine leucopenia

Warfarin major bleeding, INR>4,
venous thromboembolism

nnew enciann |

[ ] I | JOURNAL of MEDICINE | st ommtpane
A Randomized Trial of Genotype-Guided ————— rem T e Effect of Genotype-Guided Warfarin Dosing on Clinical Events
Dosing of Acenocoumarol and Phenprocoumon

A Randomized Trial of

Genotype-Guided Dosing of Warfarin A Pharmacogenetic versus a Clinical Algorithm
L for Warfarin Do

HLA-B*5701 Screening for Hypersensitivity

and Anticoagulation Control Among Patients Undergoing Hip
to Abacavir

or Knee Arthroplasty
The GIFT Randomized Clinical Trial
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A

TOPIC Trial

hiopurine response @ptimization by
Pharmacogenetic testing
in Inflammatory bowel disease €linics

783 IBD patients; mercaptopurine or azathioprine

1:1 randomized to screening vs no screening TPMT*2, TPMT*3A, and TPMT*3C
HET: 50% dose reduction, HOM 90% dose reduction

Primairy enr'tients will not be forthcoming: In'trutil fbe): e;/c: ‘wea II_I;})
“10-fold beyond reasonable
1010 Y a thiopurine is the

treatmer time for debate

ow
doubt that TPMT testing before starting

‘ right thing to do for our patients. The
1s over: just do it

in

JEREMY D SANDERSON
De;?artment of Gastroenterology
Guy'’s & St. Thomas’ Hospitals

NHS Foundation Trust

Total (n) eamnited Kingdom

Hematological side effect x;ga*(z 2%) *Wﬁ_k2§‘(‘7‘;§%yﬁ ******* =
TPMT variant 1/39(2,6%) 8/35(22,9%) 0,11(0,01-0,85
No TPMT variant 29/360(8,1%) 22/335(6,6%) 1,2 (0,72-2,09)

Coenen MJ, Gastroenterology. 2015 907-17


https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiHkbe878zMAhXFChoKHbZGDPUQjRwIBw&url=https://www.radboudumc.nl/Research/Organisationofresearch/Departments/HumanGenetics/Pages/PrincipalInvestigators.aspx&psig=AFQjCNEEsR9DiR2hNs5DoPNGNaO_H4JTkw&ust=1462879099504583

* How many patients do | have
to screen/test to prevent one
from having a Adverse Drug
Reaction (grade 3-4 toxicity,
death, etc.)?




 Hematological ADR: leuko’s < 3.0*10(9)/L or platelets < 100*10(9)/L)
* NNG=200
 Risk: 7.4% versus 7.9%

e |In TPMT variant carriers:
e NNT=5

R i S k : 2 . 6% Ve rS u S 2 2 . 9% « 1:1@andomized®oBcreening@sthoBcreening@ PMT*2,BTPMT*3A,BndT PMT*3CH

* HET:B0%=ose@eduction,IHOMB0%Riose@eductionl
« Primairy@ndpoint:@leuko’s&m®.0*10(9)/LrilateletsE&EL00*10(9)/L)B

« “10-fold@eductiondnthematologicADRs@mongariant®arriersvithout@ifferencesdni

TOPICETRIALE!

treatment@fficacy”®
Intervention@ Controla RRA95%Cl)@
Totald@n)a 3997 370@
Hematological@ide@ffectr 2907,2%)8 2907,8%)7
| TMPTmarianta 19/B942,6%)2  87B5422,9%)2 0,1170,01-0,85)7 |
NolErPMT®ariant( 29FB60ES,1%)8 225/B35H6,6%)2 1,280,72-2,09)

Coenen MJ, Gastroenterology. 2015 907-17




- PGx-panel approach

95% of patients have at least 1 ‘actionable’ genotype

Dunnenberger, Annu Rev Pharmacol Toxicol 2015







)
Dutch Pharmacogenetics Working Group '7 KNMP

12 members multidisciplinary (DPWG):
(clinical) pharmacists, physicians, clinical pharmacologists, clinical
chemists, epidemiologist, toxicologist, primary care physician

Aim:
* To develop pharmacogenetic (dosing)guidelines based
upon systematic review of literature

* Tointegrate these guidelines in electronic prescription

systems and medication surveillance systems 47 actionable
interactions
2018: guidelines for 94 gene-drug pairs \}

Swen, Clin Pharmacol Ther 2008;83(5):781-8



PGx: improving efficacy or preventing toxcity?

Preventing toxicity

CYP2C9

CYP2C19

CYP2D6

CYP3AS5

DPYD

HLA-B

SLCO1B1

TMPT

VKORC1

UGT1A1l

CYP2B6

phenytoin; warfarin; acenocoumaraol,
phenprocoumon

(es)citalopram; imipramine; sertraline;
voriconazole

amitriptyline; clomipramine; codeine (Cl);
doxepine; imipramine; nortriptyline,
aripiprazole

capecitabine; fluorouracil; tegafur

abacavir; carbamazepine, allopurinol,
phenytoin, flucloxacillin

simvastatin,atorvastatin

azathioprine; mercaptopurine; thioguanine
warfarin, acenocoumarol, phenprocoumon
irinotecan

efavirenz

CYP2C19

CYP2D6

CYP3A5

Actionable interactions

Improving efficacy

clopidogrel; voriconazole; lansoprazole,
omeprazole, pantoprazole
amitriptyline; clomipramine; codeine;
doxepine; imipramine; nortriptyline;
paroxetine, atomoxetine

tacrolimus

Pharmacogenetics

m

1 2
i' 1 b
50% Dose 1y L

100% Dose Drug A Drug B
Drug A

Bank, Clin Pharmacol Ther. 2017;103(4):599-618
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Endorsement DPWG guidelines
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[ Step of process I CPIC I DPWG ]

' ~\
1: Identification of Survey approach with Systematic literature
candidate DGI's prioritization

] === Comparison of the Guidelines of the Clinical

Y e ~
Experts in the field, a

Pharmacogenetics Implementation Consortium

CPIC members

. AL AL J
T . .
EE Compiling of \(Systematic literature Y Systematic literature A a n d th e D utC h Ph a rl I lacoge n etl CS WO rkl ng G ro u p
evidence supporting search by coordinator, search by the
the drug-gene PharmGKB Curator or professional curator . . . .
\__interaction A committee member _A__from the DPWG PCD Bank', KE Caudlé?, 1 Swen', RS Gammal®>, M Whirl-Carrillo®, TE Klein*, MV Rc]lmg2 and

H-J Guchelaar'

(" 4:Evidence usedto Y Clinical studies, case Y . . . )
Clinical studies, case

determine presence of studies, pre-clinical h
. . L studies, and pre-
DGls and therapeutic studies and in vitro . .
. . . clinical studies
\_ recommendations A information A
| 2
4 Yo

A systematic approach
using 5-point scale for
evidence and 7-point

Systematic approach

5: Rating of scientific using 3-point scale to

L A y scale for clinical effect
¥ . .
(e | it “CPIC and the DPWG guidelines are
e U o generally similar in terms of allele
L 2 . .
BT classification, genotype to phenotype

— translations and therapeutic

Y . . ~N
Internal: (co-)leaders Int'"IernaI. 1) Review by
8: Review of draft of CPIC and members other DPWG

ot | Bt per g | memoers en 2 recommendations for most gene-drug
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D a— 5 / pairs.
f \f CPT has 1% right for N\

. - [Recnmmendations are
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and afterwards published in the IM. In

9: Publication N 2008 and 2011, a
guidelines are
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qumls(?:g Dnd of guidelines was
armGKs an published in CPT
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Clin Pharmacol Ther. 2017;103(4):599-618



DPWG gen-drug interaction guidelines

e,
Pharmacogenetics: From Bench to Byte— ‘0222 o5
An Update of Guidelines e,
11 Swven’, M Npenbu’, A de Boer’, L Geandia’, AN Mutthand van dor Zoe’, M Muder™, .:o'.
GAPIM Rangen™ 7, RN van SO’ T Schulebamg’, DF Towrw®, | van der Webde™, 0.0 o -" ..
B Willert'!, VIEM Denoer™ snd M- | Gachelaar' ..; °® responds to
. normal dose

Table 1 Results for CYP206, CYPCY, CYPICTS, UGTIAL, TPMT MLA-844 MLA-8°5701, CYPIAS, vy

Subjects Genotypeor levelof Omical Gene-drug
Drug N phenotype ewdence relevance interaction  Therapeutic (dose) recomnl
OYP206 ds t
Amstrptyine 955 ~ 3 A Yes Insufficent dats 1o aliow r9spoNasiio
# lower dose

sdpntment Select akernat

sertrpiene) OF MONRO Mt
Plavra conceetraton #
~ 3 C Yes Reduce dose by 25% and m)

responds to
higher dose

sertnbne) or monvtor (510

PRAVTS CONCEPration

Arprprasoie L) " L ] C Yes Reduce manrmam dose 10 1]

or select alternative drug (e

uw ) C Yes Insuficent data 10 aow ca
adpant=ent Select akernat

Maneem rec ammended df

responds to

Swen, Clin Pha a # alternative medication




Clinical Implication Score

y

Pharmacogenetic Information in Clinical
Guidelines: The European Perspective

Jesse J. Swen'?, Marga Nijeuhuis:‘. Mandy van Rhenen®, Nienke J. de Bocrv\’eger‘i. Anne-Marie Buunl®,
Elisa J.F. Houwink®, Hans Mulder’, Gerard A. Rongen®?, Ron H.N. van Schaik'’, Jan van der Weide",

Bob Wilffert"?, Vera H.M. Deneer'?, Henk-Jan Guchelaar™ and on behalf of the Durch

Pharmacogenctics Working Group (DPWG) of the Royal Dutch Pharmacists Association (KNMP)

Table 1 Clinical Implication Score Criteria

Possible

score
Clinical effect associated with gene/drug interaction
+« CTCAE grade 3 or 4 (*Clinical effect score” D or E) +
s CTCAE grade 5 (“Clinical effect score” F) ++
Level of evidence supporting the associated clinical
effect
s One study with “level of evidence score™ 3 +
s At least two studies with “level of evidence score™ 3 ++
« Three or more studies with “level of evidence score™ 3 +++
Number needed to genotype (NNG) in the Dutch
populaticon
o 100 < NNG < 1000 -
o 10 =< NNG < 100 +4+
o NMNG <10 4+ 44
PGx information in the drug-label
+ Recommendation to genofype, a genotype mentioned ++
as a contraindication (section 4.3), or a genotype men-
tioned in the special wamings and precautions for use
(section 4.4)

+

s At least one genotype,/ phenotype mentioned in SPC

Total Score:

Table 2 Available DPWG Clinical Implication Scores

Potentially PGx testing for this gene/drug pair is potentially 02+
beneficial beneficial. Genotyping can be considered on an

individual patient basis. If, however, the genotype

is available, the DPWG recommends adhering to

the gene/drug guideline.

Beneficial PGx testing forthis gene/drug pair is beneficial. It 3-5+
is advised to genotype the patient before (or
directly after) drug therapy has been initiated to
guide drug and dose selection.

Essential  PGx testing for this gene/drug pair is essential for 6210+
drug safety or efficacy. Genotyping must be per
formed before drug therapy has been initiated to
guide drug and dose selection.

For the 47 actionable

drug-gene interactions

Swen, Clin Pharmacol Ther 2018:103(5):795-801



Do our patients want genotyping?

Feasibility of pharmacogenetic
screening for CYP2D6 and CYP2C19 in
GP-practices

Polypharmacy patients; >60 years
Screening; no ADE

Consent: 58.1%
DNA extraction (Oragene®): 83.3%
Call rate:

* 93.3% CYP2D6
* 100% CYP2C19

Swen, Eur J Clin Pharmacol 2011, 8 Oct




Implementation study LUMC: IP3 /

Implementation of Pharmacogenetics in Primary care Project

e 200 patients included and pre-emptively genotyped
* Panel of genetic variants: CYP2C9; 2C19, 2D6, 3A5, DYPD, SLCO-1B1, TPMT
and VKORC1; 40 alleles

e 40 pharmacies (Leiden)
e 200 patients included
* 89.5% > 1 “actionable” genotype
* 61.5%2>2
* 28.5% >3
*9.5%2>4

v?I(NMP e 2.0% 25
« 31.0% of patients = therapeutic

€m %grk%fhneid recommendation; dose adjustment or

monitoring



Implementation in Primary Care (IP3) /

Pharmacist alerts, orders the PGx test and provides
physician with a personalized recommendation

-’?PHAP\HACY

pre-emptive - pro-active & panel




 >85% of the recommendations accepted
* Follow-up data being collected: healthcare costs

7,5 8

M amitriptyline

Drug (%) s

’

M atorvastatin
W citalopram
M escitalopram
85 W nortriptyline

M simvastatin

1,5 i
™ venlafaxine



Impact Netherlands 2016

A
N =3.221.696 First Rx* Dose- adj.
(Unique pat.) (4.138.909) Phenotype Actionable# [switch**
871

PPI’s 1.026.441 CYP2C19 41058
Coumarines 62.558 VKORC1 T 10634 10634
Clopidogrel 98.709 CYP2C19 PM + IM 24677 24677

Statines 305.999 SLCO-1B1 Lage act. 78029
Thiopurines 11.424 TPMT IM + PM

Tramadol 357.389 8934
Codeine 244272 12993
IM + PM + UM 60068 60068
CYP2D6 IM + PM 12503 11838
Flecainide 13.605 CYP2D6 IM + PM + UM 6394 680
Paroxetine 27.018 CYP2D6 IM + PM + UM 12698 675
Tamoxifen 10.807 CYP2D6 IM + PM 4809 4809

**pased on prevalence from IP3 # based on DPWG guidelines



Inpatient care

L Leiden University
C Medical Center




Colorectal cancer, head-neck cancer,
breast cancer

Grade 3 or higher toxicity: 15-30%
Drug induced lethality: 0,5-1%

5FU = inactive metabolites
Dihydropyrimidine dehydrogenase (DPD)
DPYD gene




opYD @ LUNC y

Oncologist considers DPYD testing
‘standard of care’

L g R ey
Pharmacist alerts physician if
FU/CAP is prescribed with no
DPYD testing.

pre-therapeutic - screening



Routine pre-therapeutic DPYD
screening LUMC (per april 2013)

Retrospective analysis: 314 patients

(18 maanden) ‘ @0 %_‘
Vv

Screening:

mean: 87% o *\ /_\/\\/"“
final: 90-100% N
) \ N L/}—-"\/

60

Lunenburg, Pharmacogenomics 2015;17(7):721




* Pre-therapeutic screening was performed in 87% of patients, reaching 90-
100% in the last 6 months of the project
* Acceptance of dose recommendation: 90%

e Chemoradiaton

* No grade 3-4 toxicity in patients with initial dose reduction

e Grade 3-4 toxicity was only seen in DPYD variant carriers without a dose
reduction or who received a dose increase in subsequent cycles

* Dose titrations possible, guided by toxicity (not too fast)

- DPYD screening is feasible in clinical practice

Lunenburg et al. Pharmacogenomics 2015;17(7):721



* Pharmacogenetics clinic LUMC
* Clinical pharmacist & clinical geneticist
* PGx screened patients are offered genetic counseling




| am a CYP2D6 poor metabolizer

* For which drugs is this relevant?

* |s this relevant for certain food products?
* |s this relevant for my children?

* Can | take paracetamol safely?

* Should my parents be tested?

* Should | be re-tested in 5 or 10 years?




Overall aim U-PGx:

“Making actionable pharmacogenomic data and effective
treatment optimization accessible to every European citizen”

€15 million, H2020, 10 EU countries

Started 1 Jan 2016, 5 yr

Reduction severe ADR: 30%

Implementation: Horizon 2020

U-PCx | Ubiquitous Pharmacogenomics

WE WANT TO MAKE EFFECTIVE
TREATMENT OPTIMIZATION

ACCESSIBLE TO EVERY EUROPEAN
CITIZEN

M aking actionable pharmacogenomic
data and effective treatment
optimization accessible to every
European citizen

Call identifie : H2020-PHC-24-201 5-two-stage
Proposal No: 6683531

Acronym: U-PGx ’




: Data Analysis + A next
Implementatlon step into the future

Enabling Tools

Project Outline

—®| Next Generation Sequencing

e A next step >

E Drug - Drug Interactions
into the future 9 9

—| Systems Pharmacology

Process Indicators
Implementation

Cost-effectiveness

Patient Benefit

N=8,100

1S13 ‘uonediunwwo) ‘uoieulwassiqg

PGx infrastructure DPWG guidelines | Training and Education




Development of powerful and barrier-free
CDSS

( EACrHiE] safety-code

I o he Medication Safety Code (1
Qg

5 =
vh |

The Medication Safety Code on the

left represents a patient-specific
. -
o '{ o genetic profile regarding Scan QR COde
R i)

Laboratory contact After scanning the QR code (e.g. with a & Azathioprine ()

smartphone), you are lad to @ website
+01234567%9 that displays patient-specific drug Dutch Pharmacogenetics Working
Some lab name dosing recommendations. Group guideline
Some street name 123/45 p -~ Reason: TPMT poor metnbolitst
1234 Some city name R D My g ' Select alternative drug or reduce
dose by 90%. Increase dose in

response of hematologic
monitoring and efficacy.

Dt of svidences: March 16, 2011

G’. Isafe -code Name: Jane Doe .
- f Date of birth: 01.02.1934 S0, Soui Buiieiis et

Medication Safety Code
Gene, status Critical drug substances (modification recommended!)
CYpP2C19 Clopidogrel, Sertraline
Pacr metabelizer O Codeine [')
CYP206 Amitriptyline, Aripiprazole, Clomipramine, Codeine,

Ultrarapicd matabolizer Doxepin, Halopendol, Imipramine, Metoprolol,
Nortriptyline, Paroxetine, Propafenane, Risperidone,

Tamoxifen, Tramadol, Venlafaxine > Mercaptopurine (1)

PMT Azathioprine, Mercaptopurine, Thioguanine
Poor metabolizer

i 1
Other genes ABCB1, ADRB1, BRCA1, COMT, CYP1A2, CYP2AB, & Thicguanins i)
Not actionabls CYP286, CYP2C9, CYP3A4, CYPIAS, DPYD, GEPD,

HMGCR, P2RY12, SULT1AL UGT1AL, VKORC1

Date printed. 30,12,2015 Card number: ©O00CO1

http://safety-code.org/




How to use pharmacogenetics to select patients for
pharmaceutical care

Impact Netherlands 2016
HH H Flrst Roc*
bijwerkingen e
recenty started with 20 mg tioguanine once daily; centrum'_a reb PRIs 1.026.441  CYP2C1S 41058
. Crohn; o Coumarines 62.558 VKORCL T 10634 10634
3 weeks after start: fatigue, headache, short of breath Clopidogrel 98,709 CYP2C19  PM+IM 24677 24677
Lab: pancytopenia Statines 205.999 SLC0-1B1 act. 72029 — ‘\
Lage Mt " s\hﬂt‘-h
Thiopurines 11.424 TPMT I+ PV - s

. e adjustE
TPMT-genotyping: Tramadol 357.389  CYP2D6— sed dose o 8934
Heterozygous TPMT *3C/*2 Codeine ,-—~'r‘1 r‘puon M UM 244272 12993

te
Klﬁaltemahelohrerlaagdeslarlduseﬂnglﬂﬁ—?%nnde normale -E 1 9- Fltst p RIS ErrEE EOrEs
dosering; evt. aar op idevan {mo ingvan w_ 6603. CYP2D6 I + PRI 12503 11338
het bloedbesid) en effectivitzit. Defrequentievan monitoring dient
< worden verhoogd, Adkiseer depatiént o contact op te nemen Flecainide 13,605 CYP2DE  IM+PM+UM 6394 630
bij symptomen van beenr de keelpijn in Paroxetine 27.018 CYP2D6 I + PR + LR 12658 675
combinatie met koorts, regeimatig een bloedneus ensnel blauwe Tamoxifan 10.807 CYPIDE I+ P 4209 4209
plekken) optreden. ’
*"oxsed on prevalence from IP3 # based on DPWS guidefines
diagnostic - reactive

Ekhart, Pharm Weekblod 2017 35

diagnostic

Implementation in Primary Care (IP3)

Pharmacist alerts, orders the PGx test and provides
physician with a personalized recommendation

QPHAKI’.*LY

pre-emptive - pro-active & panel

order test, provide recommendation

|
pre-therapeutic first Rx

Genetic counseling

* Pharmacogenetics clinic LUMC

* Clinical pharmacist & clinical geneticist

* PGx screened patients are offered genetic counseling

counsel patients




* Implementation of PGx in clinical practice
is feasible and effective

* Personalizing therapy based upon PGx will
Improve patient outcome

e Pharmacists are at the forefront of PGx



