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Pharmacogenomics and Personalized Medicine

Pharmacogenomic (PGx) may increase treatment success and
decrease risk of side effects.
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* Choose the right drug to the right patient
* Choose the right dose to the right patient



Pharmacogenomic implementation approaches

Preemptive approach E E Reactive approach

Testing completed prior to starting a medication Testing ordered after inadequate response or side effect
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Personalized therapy/ PGx report analysis

Intervention Adapted from Maruf et al. 2022. https://doi.org/10.1002/pcn5.26



Pharmacogenomic implementation approaches
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PGx report analysis

Clinical interpretation
of PGx tests
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Molecular Diagnostics Report

Table of Pharmacogenomic
Biomarkers in Drug Labeling

Table of Pharmacogenetic
Associations
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PATIENT INFORMATION Sample No. MBB-LH' No.

Name: A13/%u7 fa-uruana  Age: a1g Years HN: 1d HN Gender: tWA  idanyuae: iAanvuag

Referral Physician: #. i’buwnﬂ{ Date of Birth: 1aiuii Hospital: Adnidans. .

Test Name: CYP2C19 Genotyping (Clopidogrel)  Rule out/Clinical detail: tdan31an13

Specimen Type: EDTA Blood Date Received: Adniiialaiufi  Date reported: ﬂé‘mﬁalﬂfé’uﬁ]
Methods:

SNP genotyping of CYP2C19*2 (c.681G>A; rs4244285), CYP2C19*3 (c.636G>A; rs4986893), and CYP2C19*17 (c.-B806C>T; rs12248560)
was performed based on the MassARRAY platform using in-house designed primers. DNA sample was subjected to PCR amplification
and primer extension with the iPLEX pro reagents. The extension products were dispensed onto a SpectroCHIP® Array and detected
via MassARRAY MALDI-TOF mass spectrometry. The distinct mass of the extended primer identifies the SNP allele.

Result:
CYP2C19 . .
Phenotype Therapeutic recommendations
Genotype
This genotype indicates reduced clopidogrel activation. Please
*1/*2 Intermediate metabolizer (IM) consider alternative antiplatelet agent (if no contraindication),
e.g., ticagrelor, prasugrel.

Interpretation:

Intermediate Metabolizer (CYP2C19*1/*2)

Disclaimer:

1.  This test is interpreted and recommended based on the Clinical Pharmacogenetics Implementation Consortium Guidelines for CYP2C19
Genotype and Clopidogrel Therapy: 2022 Update.

2. Please note that CYP2C79 genotyping alone cannot fully predict the response to clopidogrel. This genotype testing does not rule out the
possibility that the patient may also have other genetic variants in the C¥P2C79 gene that are not evaluated by this test (including
CYP2C194-*8) or variants in other genes that may influence response to clopidogrel. Please consider clinical information to evaluate the

response to clopidogrel.

Comments:

- The patient’s genotype is consistent with the Intermediate Metabolizer phenotype. This genotype
indicates reduced clopidogrel activation which results in reduced platelet inhibition and increased
residual platelet aggregation.

- Please consider alternative antiplatelet agent (if no contraindication), e.g., ticagrelor, prasugrel.




Methods for PGx tests

Types of PGx testing
* Single gene tests : one or multiple genetic variants (alleles) within a single gene

 Multi-gene tests (panel tests): analyze genetic variants across several genes

Current methods for PGx testing
o Real-time PCR($$ C) )

o Sanger sequencing ( $$$ C) C) &)
o PCR-RFLP ($ OO ))

o AS-PCR(SCI)) _
o Next-generation sequencing/Long-read sequencing ( $$$$$ C) C) C) ) > Multi-gene tests, High cost

* Single gene tests
= * Limited ability to detect multiple variant at the same time

* Cost depends on the number of loci being tested

o MassARRAY ( $$ () ) > Multi-gene tests, Rapid and cost-effective
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HLA-B*15:02
(Carbamazepine)

AS-PCR

Direct dot blot hybridization

2558

Timeline for PGx tests in PSU

2562

HLA-B*58:01 CYP2C19
(Allopurinol) (Clopidogrel)
AS-PCR Sanger sequencing

2565

VKORC1 & CYP2C9 TPMT & NUDT15

(Warfarin) (Thiopurine)

AS-PCR

2566

MassARRAY

2567

CYP2C19 HLA-B75
VKORC1 & CYP2C9  (HLA-B*15:02)

MassARRAY Real-time PCR



Development of PGx testing using MassARRAY

HE Typerbnalzer@agenadh

Method transition

PCR or
Sanger sequencing

MassARRAY
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Development of PGx testing using MassARRAY

Added more SNPs or other genes to 1% panel
Association for Molecular Pathology (AMP) PGx

Tier 1
i) have a well-characterized

Minimum Set Optional
Subjects Guideline AMP Tier 1 AMP Tier 2
NUDT15 TPMT and NUDT15 Genotyping Recommendations: A Joint Consensus NUDT15*3 NUDT15*2
TPMT Recommendation of the Association for Molecular Pathology, Clinical TPMT*2 NUDT15*4
Pharmacogenetics Implementation Consortium, College of American Pathologists,. TPMT*3A NUDT15*6
Dutch Pharmacogenetics Working Group of the Royal Dutch Pharmacists Association] TPMT*3B NUDT15*9
European Society for Pharmacogenomics and Personalized Therapy, and TPMT*3C NUDT15*14
Pharmacogenomics Knowledgebase. The Journal of molecular diagnostics : JMD. TPMT*11
2022. Pratt Victoria M et al. TPMT*29
PMID:35931343 PMCID:PMC9808500 DOI:10.1016/j,jmoldx.2022.06.007 TPMT*42
CYP2D6 Recommendations for Clinical CYP2D6 Genotyping Allele Selection: A Joint CYP2D6*2 CYP2D6*7
Consensus Recommendation of the Association for Molecular Pathology, College of CYP2D6*3 CYP2D6*8
American Pathologists, Dutch Pharmacogenetics Working Group of the Royal Dutch CYP2D6*4 CYP2D6*12
Pharmacists Association, and the European Society for Pharmacogenomics and CYP2D6*5 CYP2D6*14
Personalized Therapy. The Journal of molecular diagnostics : JMD. 2021. Pratt CYP2D6*6 CYP2D6*15
Victoria M et al. CYP2D6*9 CYP2D6*21
PMID:34118403 PMCID:PMC8579245 DOI:10.1016/j.jmoldx.2021.05.013 CYP2D6*10 CYP2D6*31
L N . CYP2D6*17 CYP2D6*40
Tier 1includes CYP2D6 duplications and other copy humber variants CYP2D6*29 CYP2D6*42
Tier 2 includes CYP2D6 hybrid genes CYP2D6%41 CYP2D6*49
CYP2D6*56
CYP2D6*59

effect on the function of the
protein and/or gene
expression

ii) have an appreciable minor
allele frequency in a
population/ethnicity group

iii) have publicly available
reference materials

iv) are technically feasible for
clinical laboratories to
interrogate using standard
molecular testing methods

Tier 2 recommended variant

alleles meet at least one but not
all of the Tier 1 criteria.

https://www.pharmgkb.org/ampAllelesToTest
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Development of PGx testing using MassARRAY
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Development of PGx testing using MassARRAY

~

‘ Predicted phenotype

i Genotype

ZJ PGx test

CYP2C19
rs4244285 CYP2C19 Prescribe
rs4986893 *2, *3 etc CYP2C19*2/*3 Poor metabolizer alternative drug

1. Genotype - 2. Star Alleles ‘ 3. Diplotype » 4. Phenotype - 5. Guidance



Development of PGx testing using MassARRAY

~

i Genotype ‘ Predicted phenotype

2, AN
o @) - Complex interpretation for phenotype prediction
\/

&
0 : : . .
A — - Time-consuming for interpretation

'L( / - Risk of misinterpretation




Development of PGx testing using MassARRAY
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Development of PGx testing using MassARRAY

In-house

program for
interpretation

CYP2C13_17...

2AMPLE_MAME
MG6E-278 E10
ME6E-286 E11
MG6E-287 E12
MG6E-288 F10
ME6E-232 F11
posCYP2C19_... D10

posCYP2C9 _P... D11

posTPMT_PP...

D12

e e B o B e e B o Y e R

GA

GA
GA

CYP2C13 Ge._.

CYP2C13 Phenotyp

rp My R vy W vy W vy W vy W o

=1/-1
=212
=1/-1
=1/=2
=1/-1
=273
=1/=2
=212

Mormal metabolizer
Foor metabolizer

Mormal metabolizer
Intermediate metabo
Mormal metabolizer
Foor metabolizer

Intermediate metabo
Poor metabolizer




Method Verification: Method Comparison
Molecular diagnosis (Qualitative Test)

Focuses on _ Highest level of comparison Lowest level of comparison

precision and
method comparison

New method & Comparative method
(“...estimates are not of accuracy but of
agreement

of candidate test with comparative test...”)

Comparison New method & Gold standard

CLINICAL AND
LARORATORY
Q Fonsascs
INsTITUTR
L T e

- Diagnostic accuracy criteria

Ml Evaluation . Method agreement
- Clinical agreement
EP12-A2
User Protocol for Evaluation of Qualitative
T e R Test specimens Patient specimens (representative population Patients sample/Reference material/PT

of clinical states, mix age and gender) sample

Sensitivity, Specificity, Positive predictive value
Calculated Parameter (PPV), Negative predictive value (NPV),
(Likelihood Ratios, ROC Curve)

Positive percent agreement (PPA)/
Negative percent agreement (NPA)

S Number of *Prevalence (Minimum guideline 50 negative and 50 positive specimens)
specimens fuudreddmsumsi method verification yusgnunnasioyaneisoswu CLSI EPO9-A2 521 40-100 e




Method Verification: Method Comparison
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1 TPMT - 01 TPMT¥*1/*34 or TPMT*3B/*3C TPMT*1/*3A4 or TPMT*3B/*3C Qﬂﬁ'ﬁ)\iﬂﬂﬁ’u
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11 TPMT - 11 TPMT*3C/*3C TPMT*3C/*3C Qﬂ@g}}ﬂﬂﬂﬁﬂﬂﬂ
12 TPMT - 12 TPMT*1/*3C TPMT*1/%3C QNABINTINY
13 TPMT - 13 TPMT*1/*34 or TPMT*3B/*3C TPMT*1/*34 or TPMT*3B/*3C Qﬂﬁ@ﬂﬁfiﬂﬂu
14 TPMT - 14 TPMT*1/*1 TPMT*1/%1 gNABIATINY
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Wi 172

Fo-WI-LPM-24/003 Rev.0 18/12/58

TPMT genotyping

Concordance 100%




Method Verification: Method Comparison
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3 NUDTI5 - 03 NUDTI5*1/*6 NUDTI5*1/%6 QNADIATINY
4 NUDTI5 - 04 NUDTI5*1/%6 NUDTI5*1/%6 YNADINTINY
5 NUDTI5 - 05 NUDTI5*1/*6 NUDTI5*1/%6 QNADIATINY
6 NUDTI5 - 06 NUDTI15*1/*2 or NUDT15*3/%6 NUDTI5*1/%2 or NUDT15*3/*6 QNADIATINY
7 NUDTIS5 - 07 NUDTI5*1/*2 or NUDT15*3/*6 NUDTI5*1/*2 or NUDTI5*3/*6 QNADIATINY
8 NUDTIS - 08 NUDTI5*1/*6 NUDTI5*1/%6 QNADIATINY
9 NUDTI15 - 09 NUDTI5*1/%6 NUDTI5*1/%6 QNABIATINY
10 NUDTIS5 - 10 NUDTI5*1/%6 NUDTI5*1/%6 ANABIATINY
11 NUDTIS5 - 11 NUDTI5*1/*2 or NUDT15*3/*6 NUDTI15*1/%2 or NUDT15*3/*6 QNADIATINU
12 NUDTIS5 - 12 NUDTI5*1/%5 NUDTI5*5/%6 Ha lidoandos
13 NUDTIS5 - 13 NUDTI5%1/*3 NUDTI15%1/*3 QNADINTINY
14 NUDTIS5 - 14 NUDTI5%1/%3 NUDTI5%1/%3 QNABINTINY
15 NUDTIS5 - 15 NUDTI5*1/*3 NUDTI15%1/*3 PNADINTINY

i 1/3
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NUDT15 genotyping
Concordance 96.66%




Method Verification: Method Comparison

4 )
Real-time PCR 4 MassARRAY
(Ramathibodi Hospital) (PSU)
% NUDT15*%1/%*5 Y % NUDT15*5/*6 Y
Repeat Repeat x

NUDT15*1/*5

N

NUDT15*5/*6

Sanger DNA sequencing J

NUDT15*1/*5




Method Verification: Method Comparison

Gdl GGIUC[;IGCZTTE TITCG GCGCCTCCGCCCTCGCGG GG IGPGITTGGCTGCGGCCGCGGG ICGGGG TAGTG2GCGCGTCACTTCCTGCCGCTGCCAGGCGCGTCCTCCCGCGCGCIA]

st N LN g

IGACGGCCAGCGC/CAGCCGCGCGGGCGGCGGCCAGG'GTCEG FGTICEHG ITCGTGGTG CCAGCTGC

1

NUDT15*5

NUDT15%*1/%5 e
™ . ﬂ | | H l

il

p

odals

i

GCATCCGCGITGCGTCCTCCTIGGGGAAGAGG

il

GGCTCGGTTIGGAGCTGGCAGTTT

J

>ref INC _000013.11(:48037515-48038092 Homo sapiens chromosome 13, GRCh38.pl4 Primary
Assembly

TTTAGTTACAGCGAAACTCTAAGGCACGCTGCCCTTCGGAAGGAAACACGGCATTCCCCAACCTGATAGCCCTCCGCGACGCATTA
CGCACCGCGGACAGCTGGAGAGGCCGAGGCGCTCTCGCTTTGATTTCGGCGCCTCCGCCCTCGCGGGEGAGAGATTGGCTGCGGCCG
CGGGACGGGGTAGTGAGCGCGTCACTTCCTGCCGCTGCCAGGCGCGTCCTCCCGCGCGCTATGACGGCCAGCGCACAGCCGLCGLGE

NUDT15%*5 NUDT15%6 (¢.55_56insGAGTCG)
v v
GCGGCGGCCAGGAGTCGGAGTCGGA[G/A] TCG[GAGTCG/~] TGGTGACCAGCTGCAAGCATCCGCGTTGCGTCCTCCTGGGGAA

Extend primer for NUDT15*6

GAGGAAAGGCTCGGTTGGAGCTGGCAGTTTCCAACTCCCTGGAGGTCATCTGGAGTTCGGGTGAGCAGCCGCGGACGCGAGGAAAC




TPMT and NUDT15 genotyping

Report example

PSU: 2,000 Baht/case
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Molecular Diagnostics Report
PATIENT INFORMATION Sample No. M68-1¢ﬂ: No.
Name: f1ianun da-uruana  Age: a1 Years HN: 1d HN Gender: (WA LAanvuag: lAannuae
Referral Physician: #. Fauwng Date of Birth: 1a3ufi Hospital: Adntaani. .
Test Name: TPMT and NUDT15 Genotyping Rule out/Clinical detail: 1ian318n015
Specimen Type: EDTA Blood Date Received: Adnifialaiuii Date reported: ﬂﬁmﬁalﬁ;’fuﬁ
Methods:

SNP genotyping of TPMT gene (NM_000367.2): TPMT"2 (c.238G>C, rs1800462), TPMT 34 (c.460G>A, rs1800460 and c.719A>G, rs1142345), TPMT 38 (c.460G>A, rs1800460), TPMT'3C
(c.719A>G, rs1142345) and TPMT'4 (c.626-1G>A, rs1800584) and MUDTT5 gene (NM_018283.4): NUDT15*2 (rs116855232 and rs746071566), MUDT15*3 (c.415C>T, rs116855232),
NUDT15*5 (c.52G>A, rs186364861), NUDT156 (c.55_56insGAGTCG, rs746071566 [GAGTCG],) was performed based on the MassARRAY platform using in-house designed primers.
DNA sample was subjected to PCR amplification and primer extension with the iPLEX pro reagents. The extension products were dispensed onto a SpectroCHIP® Array and detected

via MassARRAY MALDI-TOF mass spectrometry. The distinct mass of the extended primer identifies the SNP allele.

Result:
Gene Genotype Predicted Phenotype
TPMT *1/"1 Normal Metabolizer (NM)
NUDT1S *3/73 Poor Metabolizer (PM)
Interpretation:
H *
Poor Metabolizer (NUDT15*3/*3)
Disclaimer:
1. This test is interpreted and recommended based on the Clinical Pharmacogenetics Implementation Consortium (CPIC) guideline for thiopurine dosing based on TPMT and
NUDT1S genotypes: 2018 update.
2. Rare variants may be present that could lead to false-negative or false-positive results. If no 7PMT and MUDT variant alleles are detected by this assay, the most likely
genotype is that of TPMT*1/7 and NUDT*1/*1, respectively. However, the presence of other rare alleles cannot be excluded.
3. The results do not rule out the possibility that a patient harbors another variant in TPMT, NUDTTS, or another gene that can impact drug response or side effects.
4, A negative result does not rule out the possibility of toxicity if thiopurines are used, since multiple factors (eg, other genetic factors, drug-drug interactions) are known to

play a role. Co-prescription of allopurinol might inhibit TPMT activity. Please monitor drug toxicity as standard practice.

5. If genotype results obtained do not match the clinical findings, additional testing should be considered for thiopurine methyltransferase enzyme activity.
6. This test t disti ish bet NUDT15*1/*5 and NUDT15*5/"6 genotype. However, both genotypes are also predicted as indeti inate ph typ
Comments:

- The patient's genotype is consistent with the poor metabolizer phenotype (TPMT*1/*1 and NUDT153/*3). This genotype indicates greatly
increased risk of thiopurine-related toxicities when receiving standard doses of thiopurine therapy.

- Start with reduced starting doses (initiate dose at 10 mg/m®/day for mercaptopurine, start with drastically reduced normal daily doses
with reduce daily dose by 10-fold for azathioprine, 25% of normal dose for thioguanine) and adjust doses of thiopurine drug based on
degree of myelosuppression and disease- specific guidelines. Allow 4-6 weeks to reach steady- state after each dose adjustment. If
myelosuppression occurs, and depending on other therapy, emphasis should be on reducing drug over other agents.

a a o ' a o - -
AdNINaLAanTa AaNIWBaLaDNTD
Technician Supervisor

panaldanta
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Methods:
SNP genotyping of TPMT gene (NM_000367.2): TPMT2(c.238G>C, rs1800462), TPMT"3A (c.460G>A, rs1800460 and ¢.719A>G, rs1142345), TPMT 38 (c.460G>A, rs1800460), TPMT'3C
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Use of this report for publication or legal purpose without permission of the Department of Pathology is not authorized.

Molecular Diagnostics Report

PATIENT INFORMATION Sample No. M68—1£'i: No.
Name: f1ianun da-uruana  Age: a1 Years HN: 1d HN Gender: (WA LAanvuag: lAannuae
Referral Physician: #. Fauwng Date of Birth: 1a3ufi Hospital: Adntaani. .
Test Name: TPMT and NUDT15 Genotyping Rule out/Clinical detail: 1ian318n015

Specimen Type: EDTA Blood Date Received: Adnifialaiuii Date reported: ﬁﬁmﬁﬂ?fffuﬁ

(c.719A>G, rs1142345) and TPMT'4 (c.626-1G>A, rs1800584) and MUDTT5 gene (NM_018283.4): NUDT15*2 (rs116855232 and rs746071566), MUDT15*3 (c.415C>T, rs116855232),
NUDT1575 (c.52G>A, rs186364861), MUDT1576 (c.55_56insGAGTCG, rs746071566 [GAGTCG],) was performed based on the MassARRAY platform using in-house designed primers.
DNA sample was subjected to PCR amplification and primer extension with the iPLEX pro reagents. The extension products were dispensed onto a SpectroCHIP® Array and detected

via MassARRAY MALDI-TOF mass spectrometry. The distinct mass of the extended primer identifies the SNP allele.

Result:
R t I Gene Genotype Predicted Phenotype
e po r exa m p e TPMT *1/M Normal Metabolizer (NM)
NUDTT15 *3/73 Poor Metabolizer (PM)

Interpretation:

A

Poor Metabolizer (NUDT15*3/*3)

Disclaimet:

1. This test is interpreted and recommended based on the Clinical Pharmacogenetics Implementation Consortium (CPIC) guideline for thiopurine dosing based on 7PMT and
NUDTT5 genotypes: 2018 update.

2. Rare variants may be present that could lead to false-negative or false-positive results. If no 7TPMT and NUDT variant alleles are detected by this assay, the most likely
genotype is that of 7PMT*1/*1 and NUDT*1/*1, respectively. However, the presence of other rare alleles cannot be excluded.
The results do not rule out the possibility that a patient harbors another variant in 7PMT, NUDT15, or another gene that can impact drug response or side effects.

4, A negative result does not rule out the possibility of toxicity if thiopurines are used, since multiple factors (eg, other genetic factors, drug-drug interactions) are known to
play a role. Co-prescription of allopurinol might inhibit TPMT activity. Please monitor drug toxicity as standard practice.

2. If genotype results obtained do not match the clinical findings, additional testing should be considered for thiopurine methyltransferase enzyme activity.

6. This test cannot distinguish between NUDT15*1/*5 and NUDT15*5/*6 genotype. However, both genotypes are also predicted as indeterminate phenotype.




Frequency of TPMT and NUDT15 polymorphisms (PSU)

Frequency of both TPMT & NUDT15

Frequency of TPMT
Genotype Predicted Phenotype N (%)
TPMT*1/*1 Normal metabolizer 179 (94.2%)
TPMT*1/*3C Intermediate metablolizer 10 (5.3%)
TPMT*3C/*3C Poor metabolizer 1 (0.5%)
Total 190
Frequency of NUDT15
Genotype Predicted Phenotype N (%)
NUDT15*1/*1 Normal metabolizer 154 (81.1%)
NUDT15*1/*3 Intermediate metablolizer 24 (12.6%)
NUDT15*1/*5 Indeterminate 1 (0.5%)
NUDT15*1/*6 Indeterminate 5 (2.6%)
NUDT15*2/*3 Poor metabolizer 1 (0.5%)
NUDT15*3/*3 Poor metabolizer 2 (1.1%)
NUDT15*3/*6 Possible intermediate metablolizer 2 (1.1%)
NUDT15*5/*6 or  Indeterminate 1 (0.5%)
NUDT15*1/*5
Total 190

Possible Intermediate
metabolizer

Start with reduced starting

doses (30-80% of normal
dose)

Indeterminate
Treat with initial dose and
monitor closely for toxicity

Intermediate metabolizer
Start with reduced starting
doses (30—-80% of normal
dose)

TPMT*1/*1 and
NUDT15*3/*6
0.8%

Poor metabolizer

TPMT*l/*l and TPMT* 1/*1 and Start with reduced dose or consider

NUDT15*3/*3 NUDT15*2/*3 alternative nonthiopurine

1.1% 0.5% immunosuppressant therapy in
nonmalignant conditions

Poor metabolizer

TPMT*1/*1
and
NUDT15*1/*6

TPMT*1/*1 and
NUDT15*1/*5

0.5% Indeterminate

TPMT*1/*1
and
NUDT15*1/*3

TPMT*1/*3C

NUDT15*1/*1

and

Intermediate metabolizer

Start with reduced starting doses
(30—-80% of normal dose)

TPMT*1/*1 and

NUDT15*1/*5 or
NUDT15*5/*6

0.5%

Indeterminate

TPMT*1/*1 and NUDT15*1/*1 /

Normal metaboliz
80%

er

Compared to testing TPMT alone, combining TPMT and NUDT15 genotyping increases the diagnostic yield by ~20%



wuagdwamsdsziiumatnialasamsnaaeunnuinyszuieties §7AmMs (Inter-laboratory comparison)

(599 “N1IATIVANYULNINUFNTTUVBSEY TPMT, CYP2CY, CYP2CI9 az VKORCI” Hauilszanas 2567 a¥afi 2

FIUMINAADUNAUUUMS M msasa98u 7PMT (TPMT genotyping)
L] msas298u CYP2C9 e VKORCI (CYP2CY and VKORCI genotyping)

(] m3as298u CYP2C19 (CYP2C19 genotyping)

k4 "y
Wﬁﬂﬁﬂi’mﬂlﬂdﬂﬂdﬂ{]ﬂﬂﬂﬁ

9 a wa o [ 4 9 a wa o o o 9 a s o (4 1 o 4 ﬁ‘gl’ﬂﬂﬂTﬁﬂﬂﬁﬂ‘U
voulfiamsndmiugmans | venlfidmsmndsiugmans | voaulfiamsindniugmanas NUWUYHINU GRS
(3 a 1 o 1
; n - o ‘ p p MM LI : uAazAI0E1
o sHasI9819 MAIFINTINGT AL AUV UNTHING AU AUTUNNFAAT JWIAINT D AULUNNYANTAT
- ¢ a = ¢ ' a o s ﬂﬂﬂﬂﬁ‘ﬂﬂﬁ’ugﬂﬂﬁ&’ 100
LWNYFITAT 51U15UA UWNYMAAT V. YDULNY UnnMneay U.aAVAIUATUNG
addg 9 2 addq L ad g Y 3 asdq ¥
[ 591199399 : real time PCR 5N 19¥A599 : real time PCR 51190599 : real time PCR 5Hldnsae ; MassArray assay
c O m p a r I S o n O 1 PPM-02-67-01 TPMT*1/*1 TPMT*1/*1 TPMT*1/*1 TPMT*1/*1 Qﬂﬁﬂdﬂidﬁu
2 PPM-02-67-02 TPMT*1/*1 TPMT*1/*1 TPMT*1/*1 TPMT*1/*1 Qﬂﬁﬂw‘lﬂid i
[
P G x te St I n g 3 PPM-02-67-03 TPMT*1/*3C TPMT*1/*3C TPMT*1/*3C TPMT*1/*3C gnABIATINY
4 PPM-02-67-04 TPMT*1/*] TPMT*1/*1 TPMT*1/*1 TPMT*1/*1 gnAvIATInY
5 PPM-02-67-05 TPMT*1/*1 TPMT*1/*1 TPMT*1/*1 TPMT*1/*1 Qﬂﬁ?ﬂdﬂiﬂﬁ’u

ayUnamsdszdiumasnageuanudnngszuiaiealfiiams :

TPM 7; CYP 2 c9 ’ CYP2C19 4 VKORC‘Z’ ' M saliuandsdussninatesfinmsiidhiunisnaaen
NUDT15 (L?‘&If/ 2568) [ Sanuuanaaiusen aRe U §URMT HOIIN..oov.oeeeeeeeee e

ad w
(URANFIIU IUNTTNNDI) (F1AAT19130 AT.N.FAANT FUAYY)
v a a o 7 9o a2
UMPMIMNNAATNITUNNY (FNIYNITHIAY) wmhenlfiiamsindaiugmaas Tsawesnnasuniud
U 17 gaaw 2567 Uil 17 ganaw 2567

(Fo-WI-LPM-24/003 Rev.0 18/12/58)
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J PGx tests available at PSU

Objectives Gene Drug Details

Decide to use or NOT HLA-B*15:02, Carbamazepine, Predict Severe Cutaneous Adverse Drug
HLA-B*58:01, Allopurinol, Reactions (SCARs)
HLA-B*57:01 Abacavir
CYP2C19 Clopidogrel Categorize patients based on their ability

to convert prodrug to drug

Choose drug level VKORC1 & CYP2(C9 Warfarin Facilitate dose adjustment when starting
the drug
TPMT & NUDT15 Thiopurine: Prevent overdosage

6-Mercaptopurine,

Azathioprine

B
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FACULTY or MEDICINE

(Molecular Diagnostics Request Form)
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Molecular Genetic Testing (DNA analysis)

Neurological Disorders (21) 6 ‘ Hematological Disorders (10) 6 E Pharmacogenetic Testing (11) 3‘
O ?Adrenoleukodystrophy, ALD O Factor XI Deficiency (F11) | "O HLA-B*15:02 Screening
O ARX common mutation screening (exon 2) QO | Factor XIl / Hageman Deficiency (F12) (Carbamazepine)
O ARX whole gene sequencing (5 exons) O Hemochromatosis (HFE) O HLA-B*58:01 Screening (Allopurinol)
O %Charcot-Marie-Tooth type 1 and HNPP (PMP22) O Hemophillia A (F8) Linkage O HLA-B*13:01
O DMRV (GNE) Mutation O Hemophillia A (F8) Mutation O | CYP2C19 Genotyping (Clopidogrel)
O IIIIII "Dopa—resh;;lsive Dysto;{i;l oy | O Hemophilului";“A (F8) Intr;;m22 Inversigr:l"" O CYP2CQ Genotyp"i"r:llg (ﬁ;rrarin) IIIIIIIIIIII
é;Primary Torsion Dystonia (PTD) O Hemophillia B (F9) Mutation | O CYP2B6 polymorphism
O Duchenne/Becker Muscular Dystrophy - MLPA O Thrombophilia-FIl & FV HK O CYP2D6 polymorphism (4 SNPs)
O IIIIIIIII buchenneféggker Muscunl.;;"aystrophy —L|nkage O Throm bc;;;li"lia—FV Leié;:l IIIIIIIIIIIIIIIIIIIII O CYP3A5 polymc;ghig; IIIIIIIIIIIIIIIIIIIIIIII
O :Dysferlinopathy (Dysferlin) O Thrombophilia-MTHFR O | TPMT*3C Genotyping
O Fragile X Syndrome O TPMT activity {Elﬂﬂ'ﬂ‘rrﬂuﬂﬁﬁﬁnﬁ
O *Prenatal diagnosis for Fragile X syndrome Mi Hereditary cancers (3) 6 ﬂﬂﬁ‘i’aﬂf{ﬂuﬁz\‘m‘ﬂi})
O éHuntington Disease O MEN 1 Gene Mutation Analysis O | VKORC1 Genotyping (Warfarin)
O .Kennedy Disease (SBMA} .......... O MEN 2A, MEN 2B (RET) Mutation |
O Metachromatic Leukodystrophy, MLD O g\z‘on Hippel-Lindau Disease (VHL)
O Nemaline Myopathy (ACTAT)
O Oculopharyngeal Muscular Dystrophy (OPMD) g éMitochondriaI Diseases (3) 6
O  Prader-WillifAngelman Syndrome analyms{MS—PCH] @] §Kearns Sayre Syndrome (KSS!CPI%& IIIIIIIIIIII 2 o
O éRett Syndrome (MECP2) O éLeber Hereditary Optic Neuropathy ﬂ‘l‘i‘l’lﬁﬂil‘l.ll.‘l:rs.l tAu
O ESpinal Muscular Atrophy (SMA) E{LHON) Iﬂﬁﬂ | a AATUN 5\]
O Spinocerebellar Ataxia type 1, 2, 3 @] gMELAS, MERRF, NARP
O Wilson Disease Mutation
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scunueocwe (MOlecular Diagnostics Request Form)

harmacogenetics testing in other drugs (30)

Molecular Genetic Testing (DNA analysis)

-Other Genetic testing (13) 6

O Acetaminophen (CYP2D6) . O CADASIL (NOTCH 3) Mutation

dm"f"AmitriptyIi;I;III{CYP2D6] IIIIIIIIIIIIIIIIIIIIIIII O IIIIIII C rigler—NajjI;Ir:"SyndromemEUGﬁAU IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
O Aripiprazole (CYP2D6) O Deafness (CX26/GJB2) Mutation

O Atomoxetine Strattera (CYP2D6) O FGFR2 Mutation

O carvedilol (CYP2D6) O FGFR3 Mutation

@) italopram (CYP2D6) l O éGreig Cephalopolysyndactyly Syndrome

O .Clomipramine (CYP2D6) O Goldmann-Favre Syndrome

O Clozapine (CYP2D6) O GNAS1 Mutation

O %Desloratadine (CYP2D6) O gHyperuricemia (HPRT1)

5 EDextrometho,-phan ovPa08 5 — Fonn) waaton T
O Fruoxetine (CyP2D8) e ——
O :Galantamine (CYP2D8) . O :Pancreatitis (SPINK1)

Gefitinib (CYP2D8)

Imipramine (CYP2D6)

'PCR for SRY gene

Special testing (16) {n'.;nnﬁnﬁnﬁnﬂﬂﬁﬁ'ﬁmmnn%ﬂﬁﬂuéﬂnna) e

etoprolol (CYP2D6)

EDNA extraction and preparation

Nortriptyline (CYP2D6)

DNA targeted gene sequencing for lymphoid neoplasm by Next generation sequencing

Olanzapine (CYP2D6)

DNA targeted gene sequencing for myeloid neoplasm by Next generation sequencing

: Paroxetine (CYP2D6)

:Mitochondrial Disorders (nuclear DNA) panel

Perphenazine (CYP2D6)

‘Mitochondrial DNA Analysis panel 6 genes (Hotspots)

Pimozide (CYP2D6)

*QF-PCR for Aneuploidy Screening (Chromosome 13,18,21)

ropafenone (CYP2D6)

ropranolol (CYP2D6)

:NIPT (Non-invasive Prenatal testing)

‘Next generation sequencing for diagnostic panel

Protriptyline (CYP2D6)

PCR 1 Fragment

:Risperidone (CYP2D6)

PCR 3 Fragments

‘Terbinafine (CYP2D6)

PCR 5 Fragments

Tetrabenazine (CYP2D6)

PCR 10 Fragments

: Thioridazine (CYP2D6)

PCR 15 Fragments

“Timolol (CYP2D6)

PCR 30 Fragments

Tolterodine (CYP2D6)

Sequencing with dye 5 reactions

OO000O0D0O00O0000O00O000O0O0

: Trimipramine (CYP2D6)

OO0 0O0O000O0O0

:_Sequencing with dye 10 reactions

GRITR R HETRTHTNZEY
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Email: psu.molgenetics@gmail.com

Website: https://pathology.medicine.psu.ac.th/home/
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Method Turnaround time | 31A1 (U1N) aay. (wn)
PSU PSU PSU 1 HAN 2567
HILA-B*15:02 (HLA-B75) o . 30621
Real-time PCR 7 AIUNMNT 1,000 1,000
(PSU: ISO15189) HLA-B*1502 allele -Realtime PCR (HLA-B*15:02)
HLA-B*58:01 o 30622
AS-PCR 7 IUNMDNIT 1,000 1,000
(PSU: ISO15189) HLA-B*5801 allele -Realtime PCR (HLA-B*58:01)
. . 37580
CYP2C19 genotyping MassARRAY 7 AUNINTT 2,000 1,800
CYP2C19 Genotyping
o . 37581
CYP2(C9 genotyping MassARRAY 7 IUNINTT 2,000 1,800 .
CYP2C9 Genotyping
VKORCI genotyping MassARRAY 73 3,000 ] 37613 (PCR 10 fragments): 3,000 19 - PSU
TPMT & NUDTI5 genotyping MassARRAY 7 UM 2,000 -
37524 (Real time PCR — Others): 2,000 U - PSU
NMINATOUTINON1IUDN 30633
HILA-B*57:01 - y 1,000 .
(NTUINVIFTNT) HLA-B*5701 allele - Realtime PCR (HLA-B*57:01)

: : .., aa : : v S
Thiopurine methyltransferase activity 35 HPLC (TPMT gene targeted mutation analysis) SH& 37596 1) nla 1,100 YN
daoneel fUAMNMSIAFYNUTMEAT - AUZUNNOMEAT 15IN11ATIWTUA https://www.sshos.go.th/wp-content/uploads/2024/03/12-3-67-1lsznn1310-FS-0.1o-_01032024.pdf



https://www.sshos.go.th/wp-content/uploads/2024/03/12-3-67-ประกาศการจ่าย-FS-ฉ.๒-_01032024.pdf

PGx guideline on

Warfarin

 Narrow therapeutic window

* Monitor by INR

 Drug level is easily interfered by diets

CPIC guideline

* VKORC1 & CYP2(C9 genotyping

* Predict optimal initial dose & Shorten dose
adjusting time

* VKORC1 & CYP2(C9 genotyping =2 predict
phenotype & initial dose

* Consider with: Age, Sex, Weight, Race and

concurrent drug

® Single gene tests : Real-time PCR, AS-PCR
e aday. Wnlamng CYP2CY genotyping (5tiar 37581)

VKORC1 & CYP2C9 (Warfarin)

Table 1: Three Ranges of Expected Maintenance COUMADIN Daily Doses
(FDA, 2011) Based on CYP2C9 and VKORC1 Genotypes'
VKORCI1 CYP2C9
*1/*1 *1/%2 *1/*3 *2/*2 *2/%3 *3/%3
GG 5-7 mg 5-7mg 3-4 mg 3-4 mg 3-4 mg 0.5-2 mg
AG 5-7 mg 3-4 mg 3-4 mg 3-4 mg 0.5-2 mg 0.5-2 mg
AA 3-4 mg 3-4 mg 0.5-2 mg 0.5-2 mg 0.5-2 mg 0.5-2 mg

"Ranges are derived from multiple published clinical studies. VKORC1 —1639G>A (rs9923231) variant is used in
this table. Other co-inherited VKORCI] variants may also be important determinants of warfarin dose.
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WARFARINDOSING
Required Patient Information

Ethnicity: -Select-

—

> Warfarin Dosing

> Clinical Trial

> Outcomes

> Hemorrhage Risk

> Patient Education

> Contact Us

> References
> Glossary

> About Us

User:
Patient:

Version 4.0
Build : May 2, 2024

www.WarfarinDosing.org

Required Patient Information

Age: |

Race: -Select-
Weight:
Height: (

Ibs or

feet and

Smokes: -Select- B Liver Disease:

Indication: -Select-

Baseline INR:

Amiodarone/Cordarone® Dose:

Sex: -Select- B

e
kgs

inches) or (

Target INR:

mg/day

Statin/HMG CoA Reductase Inhibitor:

-Select-

Any azole (eg. Fluconazole):

-Select- B

Genetic Information

Accept Terms of Use

VKORC1-1639/3673: Not available/pending

CYP4F2 V433M: Notava
GGCX rs11676382: Notava
CYP2C9*2: Notav,
CYP2C9*3: Notava
CYP2C9*5: Notava
CYP2C9*6: Notava

ilable/pending
ilable/pending
ailable/pending
ilable/pending
ilable/pending

ilable/pending

-Select- B

cms)

> ESTIMATE WARFARIN DOSE

Randomize & Blind

-Select- B




Pharmacogenomic workflow for HLA-B*15:02 (PSU)

New CBZ
prescription

Pharmacogenomic ID
card for Negative

Post PGx counseling
via video at
Genomic Medicine
Center

(Ongoing)

SN

+

Physician
Pretest N HLA-B*15:02
Counseling screening
Negative
l |
Report & Prescribe an
prescribe alternative drug

l

Drug allergy
warning

l

Post PGx counseling

Monitor adverse
drug reaction
as usual

Monitor adverse
drug reaction
as usual

Contact pharmacist

Pharmacogenomic ID
card for Positive

Contact Physicians

Alert system
(HIS + App)




Pharmacogenomic workflow for HLA-B*15:02 (PSU)

Drug allergy warning

N O Mor-Or We Care App.
| |

Electronic Health Record

uerasdoyaueIn Iy HIS TW.4.0.

[
'

UAKUIY
| ~ N
— et : dalaise v m
§ e : : S nSun
L Tiareas e » — | |Positive for HLA-B*16:02 screening UANNY UAATINFUAIN  UARNTIAATN b .
- - HLA-B*15:02 is a genetic marker strongly carbamazepiiie
KIS | ] |associated with carbamazepine-induced Ll HLA-B*15:02 screening -
a2 5 » = [SJSITEN.The marker also indicates an increased & il POSITIVEHLA-B*15:02 is a :
z = : enetic
s A Aluafafifihauilimw risk of a serious adverse reaction from i feam A S !
[udt Un paLlssL i antiepileptic drugs with similar structure: | marker strongly associated with
' g 3 oxcarbamazepine. *; carbamazepi
. ADRs Type : fhlalsay i
i Usztandiha - Tl = o oxcarbazepine
A NARTINAVNIN  WansIuay Vitalsign o .
5 tufinnauilas : unndanesd sasanlann : HLA-B*15:02 screening -
R | ] mn_mbmu:ﬁuqmam‘ ;|,; POSITIVEHLA-B*15:02 is a genetic
= ’ fosn 5 (i marker strongly associated with
e B R SR | (e | ‘ﬂ* insert | F2 | F5 | u’;i‘ g 1 o
:/A%ra\;e ADRs ADRs nsi flumiiayaaims G 2 o | udly | enidin HN 29 ) , e CHraEmaZEp
Sy GV ADRSER] LU - UVoYAUNEN gAY usaIAlain

v

clindamycin (VTM)
PUIUIN RV

~ Y J
ANMTUAMUN TFWUT A A S
wpnliunniazuaaIHacs 1uia



Pharmacogenomic card of PGx testin
for specific drug-biomarker
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Pharmacogenomic workflow for drug dosing (PSU)

New
prescription

5

card

PGx test

Physician
Pretest
é
Counseling
Wild type

(Normal metabolizer)

l

Report &
prescribe

l

Report

Consultation &
Communicate

Contact pharmacist

Monitor adverse
drug reaction
as usual

Monitor adverse
drug reaction
as usual

Contact Physicians

Alert system
(HIS + App)

| |
| |
| |
: card I
[ =9 J



Pharmacogenomic workflow (Ramathibodi Hospital)
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ALERT/ Notify Physician

PG =
PGx LAB { il ] PGx Alert/ Allergy { PGx }
Suggestion Setting in EMR Pharmacist

\ L
o Pre-PGx , 3 Medication Medication
Physician Medication Order  pGx Lab Order counseling ST A e Review .Dlspense
Alert/Allergy Setting &Notification (with post PGx
counseling)

The pharmacogenomics workflow must be arrangement and efficient through the process of handing
over of the genotyping results to the patients.

Jantararoungtong et al. 2021. https://doi.org/10.1080/17425255.2021.1946514



Thalassemia
e o-thalassemia
* B-thalassemia

What’s Next at PSU?

Forensics
Viral identification

Hematological Disorders
* Thrombophilia-FV Leiden
Prothrombin (F2 gene)

* Thrombophilia-MTHFR
* SERPINE1
 Hemochromatosis (HFE gene)

PGx

e CYP2(C9 & CYP2C19 for Phenytoin

e CYP2D6

 DPYD

* e.g., HLA, RYR1

* Preemptive PGx testing: PGx panel
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Molecular diagnostics

You

O

E-mail: areerat.h@psu.ac.th

Department of Pathology and
Genomic Medicine Center,
Faculty of Medicine,

Prince of Songkla University
Tel: 074-455000 sa 15981
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