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The Implementing Genomics in Clinical Practice/Healthcare

Pharmacogenomics is considered the
low-hanging fruit in “Genomics Medicine”,

while SJS/TEN ‘s risk allele screening

Med| m Hang|ng FrUlt test might be the low-hanging fruit in

pharmacogenomics.

¥ Low Hanging Fruit

B -_ e Pharmac genomics is conSIdered the /ow-hangmg fruit in “Genomics Medicine”, while SIS/ TEN
= " k allele screening test might be the low-hanging fruit in pharmacogenomics.

...... Thailand has one of the highest rates of SJIS/TEN in the world, mainly attributable to high frequency of these risk alleles and use of causative
drugs. Ramathibodi Hospital has launched a “pharmacogenetics card” that provides patients’ HLA variant information predicting risk of SIS/TEN
from specific drugs on a patient-carried wallet card. Initial cost-effectiveness studies have been sufficiently convincing that the Thai government
has agreed to provide the testing as standard of care.........

Are these all Full-Proof ways that we could prevent and eradicate the genetically-mediated SJS/TEN at least in Thailand?
From the time being, sadly said that “No”, 70t all have be saved.

The holding the Stevens Johnson Syndrome/Toxic Epidermal Necrolysis workshop that grew out of our Global Leaders meeting on
March 3-4 at NIH, would point the way toward research and particularly effective and safety
implementation efforts that can be undertaken globally.



A Fate Worse Than Death

| |

Severe or life-threatening skin rash,Steven-Johnson syndrome (SJS)
and Toxic epidermal necrosis syndrome (TENS)

In Thailand, we had interviewed
many who survived SJS/TEN, they
said that their bodies spitted
rotting flesh and blood from their
mouth. They felt that their bodies
were burning and that someone
had poured acid into their eyes.
The pain was so extreme that they
wish to die, but they could not.



Thailand Pharmacogenomic project started in 2004 with HIV-1
pharmacogenomics, nevirapine-induced SJS/TEN (Ramathibodi hospital,

Thailand Center of Excellence for Life Sciences (TCELS)/Ministry of Science
and Technology).

However, with regard to Thai government reimbursement program for the
routine PGx screening to prevent drug-induced SJS/TEN,

Carbamazepine-induced SJS/TEN was the first drug of choice to implement
nationwide since 2014 (ten year latter) under Ministry of Public Health &

THAI FDA, University hospitals, and Thailand’s universal health coverage
program.
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Javanese Indonesia

/

No. HLA allele Control
(Total = 236)
n f
1 B*0702 4 0.017
2 B*0705 12 0.051
3 B*1301 6 0.025
4 B*1302 <] 0.021
5 B*1502 54 0.229 Carbamazepine
6 B*1512 6 0.025
7 B*1513 51 0.216

Thailand

Population Allele Allele freq
Thailand B*N702 0.007
Thailand B*0705 0,014
Thailand B*0801 0.007
Thailand B¥1301 0,021
Thailand B*1302 0.032
Thailand B*1501 0.014
Thailand B¥1502 0.085
Thailand B¥1512 0,014
Thoiland D cao aole
Thalland B*1517 0,007
Thailand B¥1521 0,007
Thailand B*1525 1.025
Thailand B*1527 00,0014

Populati

Thailand
Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

Thailand

el nd

High frequencies of ADR-related genes (alleles) found in Southeast Asia. & —

T]IL"]U'IIU L= o ~ and
1 B*1532 4 0.017 Thailand B*3501 0.025 Thailand
12 B*1801 29 0.123 Thailand R*3503 0.011 Thailand
: Thailand B*3505 0.070 Thailand
13 B*1802 8 0.034 Thailand B*3508 0.004 —¥ng::gng
14 B*2706 14 0.059 By ororal R Thailand
15 B*3503 1 0.047 Thailand B*3801 0.028 Thailand

) - ™ ailand

- . . Thailand B*3901 0.025 Thailand
16 B*3505 39 0.165 Nevirapine Thailand B*3906 0.004 Thailand
17 B*3802 25 0.106 Thailand R*¥3915 01004 —
, — Thailand B*4001 0.085 A

18 B*4001 L. 0.072 D4T — - Thailand
. Thailand B*4002 0, nlB Thailand

19 B*4006 - 0.017 e oG C.uil Thailand
20 B*4403 42 0.178 Thailand B*4010 0.004 Thailand
2 s 15 006 L —i o8 L —

. . Thai

22 B'5102 16 0.068 Thailand B*4601 0.092 %

23 B*5201 5 0.021 Thailand B*4801 0.011 Thailand

24 R*S607 4 0017 Thailand B*5001 (1.004 Thailand
' Thailand B*5101 0.046 [Thailand

25 B*5701 6 0.025 Abacavir Thailand B¥Fe100 0014 Thailand

26 “B*5801 27 omMya A"opurlno Thailand B*5201 .035 Thailand

Thailand B*5401 0,018 Thailand

Thailand B*5501 0.007 Thailand

Human !nmmnology 71 (.JOI 0)697- ?OI Thailand B*5601 0.018 Thailand

| Thailand |B*¥5701 0.018 | Thailand

= - | Thailand |B*5801 0.077 | | Thailand




Carbamazepine: SJS/TEN
B*1502

ALLELE FREQUENCIES
HLA B*1502

0-1.6 %

16-48% W '
) o .
48-128% W 5 CMAJ e« MARCH 23, 2010 « 182(5) 4




Allopurinol: SJS/TEN
B*5801

ALELLE FREQUENCIES &
HLA B*5801 ~
0-12% m

1.2-3.7%

12-55% W

3.7-84% I

CMAJ MARCH 23, 2010 « 182(5)
D —————




Abacavir: Hypersensitivity
B*5701

0.08197000
0.07600120
0.06398030
0.05531340
0.04790740
0.04098500
0.03406260
0.02665660
0.01798210
0.00596878
0.00000000

Image from Solberng et al. (2008) — see www . pypop.ong/popdata for more info.




Nevirapine: SJS/TEN
B*3505

0.1423600
0.1319940
0.1111180
0.0960645

0.0832023
-0.0711800
0.0591577
0.0462955

0.0312423
l 0.0103662

0.0000000

Image from Solberg et al. (2008) - see www.pypop.org/popdata for more info.




D4T: Lipodystrophy
B*4001

0.3545500
0.3287330
0.2767400

0.23592500
- 0.2072170
- 01772750
0.1473330
0.1153000

0.0778085
l 0.0258171
0.0000000

Image from Solberng et al. (2008) - see www . pypop.org/popdata for more info.




Top ten drugs induced SJS/TENs in Thailand 1998-2008

(Reference: Thai FDA 2008)

! 1. SULFAMETHOXAZONE+ TRIMETHOPRIM 1,234

! 2. CARBAMAZEPINE 703
! 3. ALLOPURINOL 664

! 4. PHENYTOIN 451

5. AMOXYCILLIN 342
) 6. STAVUDINE + LAMIVUDINE+NEVIRAPINE 313
! 7. PHNOBARBITAL 189
8. IBUPROFEN 156
) 9. NEVIRAPINE 122
10. TETRACYCLINE 113

| Genomic markers have been found and utilized as predictive tools by our groups.




QUEEN SIRIKIT NATIONAL CONVENTION CENTER
asia 2008 Bangkok, Thalland

Trm2 irimermescent Trocss Exn et

apacity:

measurement

Measurement time: ND
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Power: 1® 100V
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Marker SNPs: 5 loci of HLA-B*3505 (5SNPs) +
2 causative SNPs as predictive genetic markers for nevirapine-rash



The Target Is Moving

We spent nearly 5 years and perhaps to
long to discover the risk alleles and
genes responsible for Nevirapine-induced
SJS/TEN and their PGx screening assay.

Nowadays, in Thailand the nevirapine-
based antiretroviral regimens has been
already changed to Efavirenz based.

Other Risk alleles and genes responsible

for ADR in antiretroviral drugs need to be
included in PGX screening assay




Psoriasis

Nevirapine: Rash (15-20%), SIS
(2.6%) : HLA-B*3505 + CCHCR1 + CYP2B6

Back and arms of a person with psoriasis

CCHCR1
polymorphisms
may be
associated with a
susceptibility to
psoriasis

DAT: Lipodystrophy 26% : HLA-
B*4001+ SNPs




Discovery: Genomic predictive markers for HIV-1 pharmacogenetics

International publications: >14

!
HIV-ADR All-in-One \

HLA-B*1502 ==nnsuwenl Carbamazepine! (Ennuain)

HLA-B*5801 ==>nnsuwenrAllopurinol (eaannsmesn)*

HLA=B*5701 ==>nnsttwen Abacavir (eneaulIssLans)™>

HLA=B*3505 ==nnsuwen Nevirapine, (2161 l5dlan )

CCHCR1 ==>nnsunen Nevirapine!/(ensnulasstand)

CYP2B6== nialwen Nevirapine & Efavireni (Basusalans)

HLA-B*4001 =>nnsuwtn Stavudine/d4T (enshi'lisaiand) sileuiadainisuwni
mnm‘Lﬁsmmu"L‘;mma‘tﬂ“lmaLuaomaLnmmsna'mwuﬁl,l,aumamaﬂ%nu"bsa‘t

1/15161
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3Patents. Risk assessment for lipodystrophy and cutaneou
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The winner of Thailand
innovation awards
2011

Social Impact: Life-saving and cost-saviliBromatVerSeldriENeachion]and HIV drug resistance.
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Carbamazepine *'~+ @

“Astlasnufluuve1gunsesiila Steven-Johnson syndrome
(Carbemareping 400my Tablets U3P)

1 Efibers B Tbdets bah

FOLLOW T FRESCRBE 0D
RESCRTION LT EDEONE
.
5 S

(SJS) war Toxic epidermal necrosis syndrome (TENS) 910
i1 Carbamazepine/Oxcarbamazepine saan1951safluainu
Ldmmaﬁuqnﬁuwﬁn HLA-B*15:02 allele”

ué’ﬂmﬁuazlmwa

Carbamazepme mduced SJS/TEN Was
the first drug of choice for government
reimbursement nationwide started in

2014 under.Ministry ofiPubliciHealth;
Tha| FDA University. hospltals and

ATUEASSUATSATMISLATLIWLAN 52821781 10 DR Tudszing lny

At auwaanuy SIS/TENS Uszuaau 5,000 518 Toas1ani1sa1naads
T dudrnuauaslasustgdaruuantdudrdudueg laua an

sulfamethoxazone+trimethoprim (co-trimoxazole), carbamazepine,

allopurinol, nevirapine wwaz phenvtoin [2]
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Ramathibodi Hospital
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Pharmacogenomics and Bioinformatics Defiliitment of Pathology
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Dr. Chonlaphat Sukasam and his: PGx card, pre- & post-pharmacogenetic counselling
program, and warning/ monitoring system.




B TWENT E 1A
A3 WEN1ITNATFIU

nAgay (umn)

[] 400287 nsasIndunusanfiiauFuruinen Clopidogrel (CYP2C19) 2000
[] 400289 nsasIIndviusAERdiiaUTuTUIAEY Warfarin (CYP2C9 / VKORC1) 3000
[ ] 400288 nMIRTIINETRUSAERTINUITN1IURBY Nevirapine (HLA-B*3505) 2000
[] 400286 n1IAsINAuRUANaRfiReUsn1IuRYN Carbamazepine, Phenytoin (HLA-B8¥1502) 2000
[] 400285 nsnTINdniusAEnSiiaUIEn1IuREN Abacavir (HLA-8¥5701) 2000
[] 400284 ﬂ']'ﬂ-‘l‘a"]ﬁ]mﬁﬂﬁu‘qﬁﬂﬂﬁ‘ftﬁﬂﬂdﬁﬂﬁuﬁm Allopurinol, Lamotrigine (HLA-B*5801) 2000
[ ] 400276 n1IATIaNdTHUSAEAT CYPLA2 polymorphisms (31u7338) 2000
|:| 400277 nsasIIndrnusAEaT CYP2A6 polymorphisms (11u398) 2000
[] 400278 nsATIndTHUSAIERT CYP2B6 polymorphisms ($1u338) 2000
[] 400279 nIATIaNdTNUSAIERS CYP2C19 polymorphisms (3117338) 2000
[ ] 400280 nsAsIandnusAEan CYP2C9 polymorphisms ($1u398) 2000
[ ] 400281 nIAsIandnusAEans CYP2D6 polymorphisms (3114338) 2000
|:| 400282 NTATINATWUSAIEAT CYP3AT polymorphisms (147398) 2000
[ ] 400283 n1IRTIandTHUSAEAT CYP3AS polymorphisms (311338) 2000
] 400291 ﬂ'1'iﬂ'a'qamﬁﬂﬁu‘qmaﬁ%mﬁmmﬁ'ﬂwﬁﬁguuﬂ (HLA - B genotype) 4700
[ ] 400290 nsaTIINdvRUSAERsEIMIUEY TMPT 2000
|:| 400294 17 Sequencing el pyrosequencer 2500
|:| 400293 A15A573 SNP A28 pyrosequencer 2500

flpasdonsdwmsalusafiade ena1sdeanys qunvy Ing 02-200-4331-2, 02-201-1380-1390 wvind 02-200-4331
vosljuRnaundriugaanitasnsinviemizyana 11 4 quinsundauianssmndml mMademeFine) auzuwnsmanilameua

S PPM L0OOS atfuwdletudi 31/1/55
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i NITUNE ~Tusndndevieon”’ |
%&;ole Steven Johnson Syndrome (SJS) 16 u$uffufu allopurinol {R}.
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At Ramathibodi hospital, the warning
sign for adverse drug reaction has been
clearly shown in a prescription.
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INdbWUSMAaas a:mssniawnRUAnE
Pharmacogenomics and Personalized Medicine

Each person who have
their DNA from either
salivary or blood tested,
will be given the report
and the Pharmacogenetic

card for HLA or CYP 450
outcome

Molecular Clinical
Pharmacists at
Ramathibodi hospital

will provide pretest and
posttest Pgx counseling.
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Report
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Pharmacogenomic card






Name &
Family Name

Out come of

™ .
s PGx testing

HaN13feIA:  CYP450 Gene : CYP2C19 *1/*%3
AUNATID: 8 unsIAu 2557
m‘iuﬂﬁmmamﬁ'ﬁﬁuqmami:

Interpretation

ansINTsUauaalse1anad (Intermediate Metabolizer)

Ny &F Pharmacugeﬁ'ﬁﬁ%ibs and Personalized Medicine

Date Of das54dy PPM Faculty of Medicine Ramathibodi Hospital
taken placed

L1
VDL UL
" o = = [
; AUasiiaudauanvasdy CYP2C19 Treniladu *3 ediuans
L 6 H & =
s u ggEStlo n Uszansnmnisvinausazysuanaulysl CYP2C19 nidgs1esuiuy nasldeaiinag
mMankueu i lusuininasguasinauzinge

More info.
nlease contact

ﬁ’mnﬁﬁagmﬁm&iu AAAD: MU 2BNTYAU SAIERA SUAZATITINBUANITYAARA
InsAny 02-200-4330-3, 02-201-1380, 02-201-1390

Signed by Molecular Clinical

Pharmacist AN.AT.YAANT FUINYY
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WaN13M333: CYP450 Gene: CYP2C19 *1/*1
AUNATID: 7 unsnAy 2557
nsuUaKANNEYNUGATERS:

ansInN1stasaawe1Un® (Extensive Metabolizer)

e Pharmaccgen'aﬁ'l_ips and Personalized Medicine
PPM Faculty of Medicine|Ramathibodi Hospital
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MNEANTATIVMANFIRUSMEARS Linuanuliaunnvesduy CYP2C19
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ARINTTURYANAN ARk WUBNFINUSAIEATUASNITSNYIRNITUAAS
Insdwy 02-200-4330-3, 02-201-1380, 02-201-1390
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« Thailand has one of the highest rates of SJS/TEN in the world because of high
frequency of these risk alleles and the use of causative drugs.

 Ramathibodi Hospital has launched a “pharmacogenetics card” that provides

patients’ HLA variant information predicting risk of SIS/TEN from specific drugs on
a patient-carried wallet card.

 PGx screening assay, such as Carbamazepine induces-SJS/TEN has been included

In our government reimbursement program (Universal healthcare system) as a
standard of care.

Are these all Full-Proof ways thatwe could prevent

and eradicate the genetically-mediated SJS/TEN at least in Thailand?
From the time being, sadly said that “No”, we may not be able to S&VE€ all

/ives,... If we do not implement it completely.



The doctor ordered her blood tested for HLA-B*1502
screening assay

=

Female, 35 years old
HBN5ATI9;: HiA-B Gene : HLA-B *15:02/15:25
Jusinsae: 8 UNTIAY 2557

MIYaHE T IIgAaR S

ATIAUAI S BADNI5UEn Carbamazepine Auguvayaluydagiy

Alternative drug

[ i in stead
Post PGx counselling described in s

PGx card provided



The Nightmare Scenario

The doctor ordered her blood tested for HL
screening assay

NO = She may take the medicine at home. The rash
A second doctor may discharge the woman might appeare on dayone after receiving the
from the ward prescribing her with medicine. She still continue taking the lethal
carbamazepine. drug.

She might severely ill or could die of SJS or TEN
within days.



What we are currently doing at Ramathibodi hospital to make sure that

PGX should be effectively and safely implemented.

Pre-PGx Counselling
'Use EMR to link all these

PGX Screening assay, not diagnostic test = units together.

Post-PGx Counselling

To Educate patients, public, and

clinicians we come up with MP Games
on Android and iOS device

After they |leave the hospital

iQS anaaoip

Post monitoring the patient (risk allele
positive) after discharge from hospital to

home by making 4 telephone calls (every 2
weeks in 2 months) Home




m About MICT MICT Administrator News and Event ICT Policy

o8e i

[ TnsunisiRuiBaliFmdionisAnuning

_—

Ministry of information and Communication Technology




' Augdluumomsiwng

S b
: ‘ﬁf" MEDICAL GENOMIC CENTER

ANTATIARITHUFATINUAINPIN
TuAIsANNLAAANITAN

Noninvasive Prenatal Testing.
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CL X’

—— Pre-implantation
Viral Deep genomic diagnosis:

Noninvasive Prenatal

Testing: NIPT Newborn genomic

screening

sequencing PGS/PGD

Pharmaco-
genomics

Genomic Medicine

Unknown  § = Unknown diseases
Pathogen, 8 (
Emerging
and Re
emerging
infectious
diseases

Next Gen Inherited Cancer &
sequencing Targeted Cancer Therapies
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About Golden Helix Symposia

GOLDEN HELIX SYMPOSIA 2015
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The Golden Helix Symposia series are named after the house of Francis Crick (“The Golden Helix™: 19/20 Portugal Place,
Cambridge, UK) to emphasize their focus on human genomics and personalized medicine. The topic of these symposia revolves
around the fields of genomic and personalized medicine. In particular, these symposia series have the following features:




Roots provide strength while moving forward.

It is important occasionally to glance back at the past, get a realistic understanding

of the present; draw lessons to shape a better future

and move on.

Pratima P Mathews
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Adoption of genomic medicine in Thailand
Political will. Thai stakeholders from
various institutions, including local
universities, BIOTEC, the National Science
and Technology Development Agency
(NSTDA) and the Thai Ministry of Public
Health, participated in an Asia-Pacific
Economic Cooperation (APEC)-wide
foresight study in 2003.
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Nature Reviews Genetics 9, S14-519 (1 October 2008) | doi:10.1038/nrg2443

Universal health care, genomic medicine and
Thailand: investing in today and tomorrow

Béatrice Séguin , Billie-Jo Hardy , Peter A. Singer & Abdallah S.
Daar

One potential outcome of investing in genomic medicine is the
provision of tools for creating a more cost-effective health-care
system. Partly with this aim in mind, Thailand has launched two
genotyping initiatives: the Thai SNP Discovery Project and the
Thai Centre for Excellence in Life Sciences Pharmacogenomics
Project. Together, these projects will help Thailand understand the
genomic diversity of its population and explore the role that this
diversity has in drug response and disease susceptibility in its
population. A major future challenge will be for Thailand to
integrate genomic medicine in its relatively young universal
health-care system.
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system. Partly with this aim in mind, Thailand has launched two genotyping initiatives: the Thai SNP Discovery Project and the

Thai Center for Excellence in Life Sciences Pharmacogenomics Project. Together, these projects will help Thailand understand
the genomic diversity of its population, and explore the role that this diversity has in drug response and disease susceptibility in
its population. This chapter discusses challenges faced by Thailand to integrate genomic medicine in its relatively young
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Chantratita et al., J Pharmacogenom Pharmacoproteomics 2011, S6
http://dx.doi.org/10.4172/2153-0645.56-001

Pharmacogenomics & Pharmacoproteomics

Integrating HIV-1 Pharmacogenomics into the Universal Coverage Health-
Care System in Thailand: From Scientific Evidence to Policy

Wasun Chantratita', Soranun Chantarangsu? Sasisopin Kiertiburanakul’, Somnuek Sungkanuparph?®, Angkana Charoenyingwattana* and
Surakameth Mahasirimongkol®

"Unit of Virology and Molecular Microbiology, Department of Pathology, Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Bangkok, 10400 Thailand
2Department of Oral Pathology, Facuilty of Dentistry, Chulalongkorn University, Bangkok, 10330 Thailand

3Department of Medicine, Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Bangkok, 10400 Thailand

“Pharmacogenomics project under collaboration between Thailand Center of Excellence for Life Sciences, Mahidol University, Bangkok, 10400 Thailand
*Medical Genetic Section, National Institute of Health, Department of Medical Sciences, Ministry of Public Health, Nonthaburi, 11000 Thailand

Abstract
In addition to the direct effect adverse drug reactions (ADRs) have on increased morbidity and mortality, their
indirect impact on antiretroviral adherence and subsequent drug resistance is a major problem for HIV health

services in a resource-limited setting. ADR is a major factor contributing to the interruption of antiretroviral intake in
patients with good adherence to highly active antiretroviral therapy (ART). Antiretroviral non-adherence results in
viral drug resistance, which derails antiretroviral effectiveness and causes higher costs for complicated treatment
regimens; a burden that is more significant in resource-limited countries. Moreover, the costlier second-line treatment
regimens (2-9 times higher in price than first-line regimens) are unaffordable for individual or government agencies in
developing countries. This situation forms the basis for development of a pharmacogenomics initiative in Thailand,
with special focus on HIV. The first target is to improve the prescription algorithm by personalizing the initial drug
regimen; increasing the regimens efficacy; and simultaneously avoiding ADR. The ultimate aim of this initiative
is to minimize the cost of ART for the public health system by incorporating research findings. Integrating HIV-1
pharmacogenetic screening tests into Thailand’s universal health-care system is a major challenge for the future
and, if successfully implemented, they will eventually benefit both individuals and society.
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If you want to understand genomic
medicine/pharmacogenomics in resource
limited setting, Thailand, perhaps this
article, Rooted and Moving may shade
some light in 230 pages.
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Read on lineline:

http://issuu.com/pratimamathews/do
cs/140114 root-ed-pm/1
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