Pharmacogenetics in drug allergy: Updated
(Role of Pharmacist in Clinical implementation)
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testing in routine clinical practice?

Is it possible to incorporate pharmacogenetic

Patient: “Here is my
pharmacogenomics card, please
give me a medication properly.”

Doctor: “Yes, of course”
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Name: Patient 2
Pharmacogenetics test: HLA-B genotyping
Pharmacogenetics result: HLA-B*15: 21
Pharmacogenetics interpretation: High risk for

Carbamazepine/Ox-carbazepine-induced SIS/TEN

Sukasem C. and Chantratita W. Pharmacogenomics. 2016
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Updated PGx markers (DME) Choose the right dose
in SEA populations, 2018

b to the right patient
(Sukasem C. and Medhasi S. Springer Nature, 2018)

PGxgenes ___|Drugs ________|surrogatelabs

Updated PGx markers (HLA)
in SEA populations, 2018

(Sukasem C and Tempark T. Springer Nature, 2018)

Choose the right drug
to the right patient

“Drugs | MUAmarkers | Otherfactors | Ethnicites |

Carbamazepine HLA-B*15:02 (B*75 serotype: B*15:21)

Lamotrigine HLA-A*02:07, HLA-A*33:03, HLA-B*15:02,
HLA-B*44:03
Phenytoin HLA-B*15:02, HLA-B*15:13

CYP2B6 Efavirenz (EFV) EFV level Thai
Clopidogrel Platelet aggregation (ADP) . . A

CYP2C19 Voriconazole (VCZ) VCZ level Thai, Malaysian, Singaporean,
CYP2C9 and VKORC1 Warfarin INR Thai
CYP2D6 Risperidone (Ris), Tamoxifen Ris level, Tamoxifen Thai
UGT1A1 Irinotecan CBC Thai, Singaporean,
CYP3A5 Tacrolimus Tacrolimus level Thai

L TPMT enzyme activity .
TPMT 6-MP, Azathioprine 6-MP level Thai
DPYD 5-FU CBC Thai, Singaporean,

Ox-carbazepine HLA-B*15:02

Phenobarbital HLA-A*01:01, HLA-B*13:01

Allopurinol HLA-B*58:01

Nevirapine HLA-B*35:05

Co-trimoxazole HLA-B*15:02, HLA-C*06:02, HLA-C*08:01
HLA-B*13:01

Dapsone HLA-B*13:01

Thai, Vietnamese,
Singaporean, Malay,

Indonesia
Co-med (Depakine) Thai
CYP2(C9, CYP2C19, Thai, Malay
Co-med (Omeprazole)

Thai

Thai
High dose, Female, Renal Thai
impairment, Elderly
CD4 level, CCHCR1 Thai

Thai

Thai

Identify who is at risk for Severe cutaneous
adverse drug reactions (SCARs) of treatment

CADR: ADR-B
* Idiosyncratic ?
* Unpredictable?
* Doseindependent?

WFH maternal MHC cass
|
;ﬁ'n paternal MHC class I

FFF maternal MHC dass |
FFI‘ paternal MHC dass |
!

* Located on the short arm of chromosome

‘To avoid ADR-B (appropriate drug) ‘
_ I * HLA is the name of the major
histocompatibility complex (MHC) in humans.

'+ HLA is a class of surface membrane protein
» “Presenting” possible antigen to T and B cells
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N Stevens ,.,,,:,‘m,,,* —— . Drug reaction with eosinophilia Acute generalized (Keratinocyte)
maculopapular eruption (s35) (TEN) and systemic symptoms (DRESS) exanthematous pustulosis (AGEP)
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Sukasem C, Limprasert P. Sci Rep, 2017
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Most Reported Suspected Drugs with SCARs
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National Health Security Office (NHSO)

Thai Pharmacovigilance
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CARBAMAZEPINE

(;arbamazepme HLA-B* 15:02

7125028,021710_Cli

Molecular Weight: 236.26858

PHENYTOIN WHO: Thailand, 1** ranking of CBZ-induced SJS/TEN report
Farlkas R. Adverse events of carbamazepine. Clinical review (2009).
ALLOPURINOL

CO-TRIMAXAZOLE

Allopurinol: HLA-B* 58:01

= »
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A.I]opunn(l] is the most common cause of
1 and toxic epie
& necrolysis in Europe and Israel

. J Am Acad Dermatol 2008;58:25-32
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Dr. Wimon Suwankesawong, HPVC, FDA

Thai population (n=986)
* HLA-B* 15:02 (Carbamazepine)=15.92%
* HLA-B* 58:01 (Allopurinol) = 16.43%

Puangpetch and Sukasem et al. Frontier genetics, 2015

| Sukasem et al. Annu Rev Genomics Hum Genet. 2018

== Pharmacogfll:i&t:: st*o;‘ gc‘;'{)b amazepne Association between HLA-B* 502 and carbamazepine-induced
‘ = severe cutaneous adverse drug reactions in a Thai population
+ A casecontrol study reported a strong association between *Wichittra Tassaneeyalul, Somsak Tiambkao, *Thawinee Jantararoungtong, {Pei Chen,
HLA-B#1502 and SIS/TEN and suggested a 100% negative 18hu-Yi Lin, | Wel-Hsuan Chen, {Parinya Konyoung, [Usanee Khunarisornsiri, {Narong
predictive {(Han Chinese) Auvichayapat, **Rasemsin Pavakul, f{Konghiat , Charon C
CBZ 1{Siranun iiiNamfon Piy , $4Thiti Aungaree, ***Sunsanee
* 44 cases (SIS/TEN):101 controls (iaiti) and 4} Praphan Yodnopaglw
+ 100% HLA-B#*15:02 in case group.
* 2.97% HLA-B*15:02 in control group. P
Table 1. in HLA-B aleles in CBE-induted S|SITEN and CBZ-talerant patients
Naseberof suens 4]
- - CHZ indced CBZ tolerant
CBZ-induced SJS/TEN was strongly associated || SETENGa < 4 o 40 X 9| ok
with HLA-B*15:02 (OR=2504) 1501 “%P %ﬁ 5470 4220513 185 |n"“|
Chung WH., et al. Nature. 2004 R i B UL
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P (hasris02 )« - : +The risk of CBZ-induced SJS/TEN was higher in the patients with B-
e B SRR
~ 7 7 15:02 allele with OR of 54.76 [95% CI 14.62-205.13])  Fknia 165190853, 210

HLA-B* 15:02 for screening
CBZ-induced SCARs

Tasvn1siinsas “asilasAuduunensuuseiia Steven-Johnson syndrome (SJS) na:
Toxic epidermal necrolysis (TEN) a1n&11 Carbamazepine/Oxcarbazepine 6281115
ﬂsztﬁun’nutdmwmv‘i’uﬁnssmjﬁm HLA-B*15:02”

fAa1AN 2556 dafiunau 2558 ‘

- &

tA-B~TS5-0=Z"

P Efi‘lJEiEi |

2imsuadimsudaiuaasasIasuT uas asuSeD

=¥I-1)

INSer s S25-1)

unnsHoGIasitsasIa

Siiianasao3is NmSuTsowanana

saadfiaviasiladanisassauascilsaaisoni




B Positive HLA-B*15:02 (+)

723

M Negative HLA-B*15:02 (-)

ARIAN 2556 AodiunAN 2558
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CASE 1: CBZ-induced
DRESS (test prior)
L Afemale got CBZ after

CBZ-SCAR: HLA-B* 15:02
Phenotype specificity

200
. . [ 178
negative HLA-B* 15:02 0 [ CBZ induced DRESS Is rare ]
screening >>> DRESS o H in Thai
lggJ 7
60 }7 ¥ 43
Association between HLA-B Alleles and Carbamazepine- | 5 | | | [ 7 # u un ,
Induced Maculopapular Exanthema and Severe 0 . & 4 o j P Y
Cutaneous Reactions in Thai Patients RO A N
R &S ¢ ey
80 T » ¥ Y‘° <Q
Sukasem C, et al. J Immunol Res. 2018 S RrRIvnuAdEaRREsarch
9
_- HLA-B*15:02 and SJS/TEN; OR=70.91 The limitation of HLA-B* 15:02
wihsagRusAdes | | vaslfiidnsinduiusaanss | | wiheagfaufuinm Aueiugeansnisunne 95% C| 19.67-255.65, p = -13 for CBZ screenin
- .67-255.65, p = 4.46 x 10 [
@ (randud) Whasnsad MG mAsm g — HLA-B* 15:02 could not predict
135 énatinv 843 éinate 168 dhatinv 89 fhatinv No assoc!atlon of HLA-B*1502 || HLA-A*33:03 for DRESS non- SIS/TEN from CBZ in Thai
(10.93%) (68.25%) (13.60%) (7.29%) and CBZ-induced DRESS (n=5) (unpublished data)
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CASE 2: To confirm (test after)
: a female with CBZ-induced DRESS
: Test to confirm diagnosis
:Negative HLA-B*15:02

(HLA-B* 27:06/58:01)

PHARMACOGENOMICS TESTING (HLA-B*15:02 for Carbamazepine)

HLA-B gene :
Genotype :
Predicted Phenotype :

Suggestion :

HLA-B*40:02/44:03
Negative HLA-B*15:02

oimsatudniviinen1s1fun Carbomazepine g mudoyalutTogi

CBZ-SCAR: HLA-B* 15:02

Phenotype specificity
* HLA-B* 15:02>>CBZ-SJS/TEN
* No DRESS or MPE

ﬁinical implementation:

* Clinicalinterpretation>>do not
over clinical interpretation
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Name: Patient 2

Pharmacogenetics test: HLA-B*15:02

Pharmacogenetics result: Negative HLA-8%15:02
Pharmacogenetics interpretation

Low risk for Carbamazepine/Oxcarbazepine-induced SJS/TEN ’
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CASE 3: CBZ-induced SJS

Male, 15 years (dyskinesia) A.
Specific HLA-B* 15:02 Screening B.
Negative HLA-B* 15:02 (Low risk)
CBZ-induced SJS (14 days)

Negative

Positive

Allelic HLA-B genotyping

1IPLOS |one
Comparison of a New In-House and Three
Published HLA-B*15:02 Screening Methods
for Prevention of Carbamazepine-Induced
Severe Drug Reactions

Kanoot ", Thanya Sripo’, Ci

Sukasem®*, Pomnprot Limprasert'

Specific HLA-B* 15:02 Screening :
False negative to identify the high
risk patients ?

| HLA-B* 15:13/ 15:21 |

Change from a Low risk to be
a High risk of CBZ-SJS/TEN




SCIENTIFIC REPg}RTS

Journal of Immunology Research

HLA-B*15:21; OR=9.54 in Thai
95% Cl 1.61-56.57, p =0.013
(N=case 2/16, HLA-B*15:02=12)

(Sukasem C, et al.J Immunol Res. 2018)

HLA-B*15:21 and carbamazepine-
induced Stevens-Johnson
syndrome: pooled-data and in silico
analysis

i Jin Tip

Kanoot Jarutk
Chonlaphat Sukasem™* & Pornprot Lumprasertl

2, Antida Sangi hoey?,

* Member of Serotype 75 as risk
alleles
* 15:02, 15:08, 15:11 and 15:21

Specific HLA-B* 15:02 screening:
False negative to identify the high
risk patients

Antigen-p area

S—
(a) HLA-B*15:02 (b) HLA-B*15:08

Antigen-presenting area Antigen-presenting area

(c) HLA-B*15:11

(d) HLA-B*15:21

mmmmmm Carbamazepine (CBZ) msss HLA-B*15 protein

Chun-Bing Chen, MD

Yi-Hsin Hsiao, MD

Tony Wu, MD, PhD

Mo-Song Hsih, MD

Wichittra Tassanceyakul,
PhD

Teckayu P. Joms, PhD

CASE 4 : a boy with
positive HLA-B*15:02
with OXC>>>>SJS

(" HLA-B*15:02 and OXC- )

Chonlaphar Sukasem,
PhD

SIS/TEN B
(OR=27.9) O
Less severity than CBZ o e
\_ (NEUROLOGY,2016) )  Carbamazep
ine (CBZ)

Q
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Share risk marker (HLA-B* 15:02) between CBZ and OXC

Risk and association of HLA with

oxcarbazepine-induced cutaneous adverse

reactions in Asians

ABSTRACT

Objective: To investigate the risk and genetic association of oxcarbazepine-induced cutanecus
adverse reactions (0XC-cADRs), including Stevens-Johnson syndromel/toxic epidermal necrolysis
(SJS/TEN), in Asian populations (Chinese and Thai).

Methods: We prospectively enrolled patients with OXC-cADRs in Taiwan and Thailand from 2006
t0 2014, and analyzed the clinical course, latent period, drug dosage, organ involvement, compli-
cations, and mortality. We also investicated the carrier rate of HLA-B+*15:02 and HLA-A*31:01
of patients with OXC-cADRs __m- i

4 . e .
CBZ-PGX: Ethnic specificity
¢ HLA-B* 15:02>>> Han Chinese, Thai, Indian,
Malaysian, Singaporean, Vietnamese, SEA

\_ European

¢ HLA-A* 31:01>>> Japanese, Korean, Caucasian and

N wuuvasumsdsanandunivgidns I'I

PPM PHARMACOGENOMICS TEST REQUEST FORM

CASE 5 : Requested HLA-B* 15:02
for a Japanese patient: False negative

PGx-HLA-B* 15:02 \

!

[PGX-HLA-A*31:01 T’

Ayl (Patient deails): sesesiegaps i nitorshonsies

CBZ-PGX: Ethnic specificity

Prevalence of HLA-B *15:02 and HLA-A*31:01 carriers
in various populations

Korean

Genome-wide association study
identifies HLA-A*3101 allele as a genetic
risk factor for carbamazepine-induced
cutaneous adverse drug reactions in
Japanese pOpUIatiOn. (Ozeki T, Hum Mol Genet. 2011)
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HLA-A*3101 and carbamazepine-
induced hypersensitivity reactions in
Europeans. (MccormackM, N Engl I Med. 2011)

Carbamazepine-induced severe
cutaneous adverse reactions and HLA
genotypes in Koreans. (xim sH, epilepsy Res. 2011)
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HLA-A* 31:01>>> Caucasian,
European, Japanese and Korean




CASE 6 : a female dead from CBZ-induced TEN
SN - Health professional awareness Pharmacogenomics and Personalized Medicine report Personalized

. . e
- Counseling system Medicine report
O - Electronic Health Record (EHR) At least 3 copies for

Pharmacogenetics result:  15:02/2701 . Patient
« ¢ Clinician

* Pharmacist

Pharmacogenetics interpretation: High risk for
x-carbazepine-induced S1S/TEN

-
§

Toxic epidermal necrolysis
(TEN)

BPM
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Qﬁ( Pharmacogenomics and Personalized Medicine

PHARMACOGENETICS FOR CARBAMAZEPINE
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Clinical implementation:
Clinician/Pharmacist/Nurse/Patients
* Stakeholders, role and workflow

* PGx card and personalized report
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W s Name: Patient 2

Pharmacogenetics test: HIA-B genotyping
9w mrsse:

Pharmacogenet sult:  15:02/2701

Pharmacogenetics interpretation: wigh risk for
Carbamazepine/Ox-carbazepine-induced SIS/TEN

- omsbieds
‘ ‘ \ \ ‘m R T PGx ID Card

Key messages: The Challenges of Success for Health PPM workflow for clinical service and counseling system

PATIENT DEPARTMENT PHARMACOGENOMICS l l PHARMACOGENOMICS

“Not just only the genetic screening but also the others” cmey (4P cLivic LABORATORY

Editorial Pharmacogenomics

1. PGx infrastructuresand facilities bt ke, i s
:Laboratoryand equipment

OUT PATIENT DEPARTMENT f \

e = N
HeH A success story in pharmacogenomics: B 2
2. Pharmacowgllance system genetic I card for SISITEN — Genotyping corc lab )
: - ihg - ; (Genetics testing
3. Evidence-based PGx testing :PGx researches “Th estslton for rsurce i cutesvoube o st f \ | P . pal s esting) L
R these culprit drugs” T
4. Pharmacogenetics tools i

Data processing

Fist draft submitted: 14 December 2015; Accepted for publicaton: 14 Decemoer 2015 Clinician <=9 Pharmacist
Publshd anie: 30 sch 2016

:Interpretation algorithm, Precision medicine reportand ) Er—
Pharmacogenetics cards £

Personalized report
and
Pharmacogenomics

(Bioinformatics and data base) —

- | WARDS card
' In patient i
Chonlaphat Sukasem f \ ‘ Bedside counseling  —

5. Health Professionals
:Educationaltrainingandraisingawareness

6. Electronic health record (EHR)
7. PGx workflow for clinical service and counseling system

Phenolyping core lab

(Therapeutic drug monitoring
Clinician === Pharmacist and enzyme aclivity)

\_ J

Wasun Chantratita
e

[ Sukasem et al. Annu Rev Genomics Hum Genet. 2018 ‘




American Soclety for
Clinical Pharmacology
& Therapeutics

What you have to known for PGx-CBZ?

HLA-B*15:02 is strongly associated with CBZ-induced SJS/TEN

Phenotype specificity: HLA-B* 15:02>>CBZ-SJS/TEN

Share risk marker for aromatic group: CBZ>>>0XC

Ethnic specificity
HLA-B*15:02>>>Han Chinese, Thai, Indian, Malaysian, Singaporean, SEA
HLA-A* 31:01>>> Caucasian, European, Japanese and Korean

5. Family of risk genes (HLA-B75 serotype=15:02, 15:08, 15:11 and 15:21)

PwoNe

Extensive Metabolizer
*1 /* 1

HLA-B*15:02 genotype

Intermediate M:
*1/*2[ *1/*3

HLA-B*15:02 carrier

—_———

HLA-B*15:02 non-carrier

Poor M:
If patient is phenytoin-naive,? *2/*%2, *2/*3, *3/*3

[ CYP2C9 genotype ]
do not use phenytoin/

)
)
)

fosphenytoin®

[ CYP2C9 EM ] [ CYP2C9 IM ]

[ l

Initiate therapy with
recommended maintenance
dose®

CYP2C9 PM

Consider 50% reduction of
recommended starting
maintenance dose.®
Subsequent maintenance

i S =E

Consider 25% reduction of
recommended starting
maintenance dose.®

ubs 1t maintenance

Clinical Pharmacogenetics Implementation
Consortium Guideline for HLA Genotype and Use
of Carbamazepine and Oxcarbazepine: 2017

. Update
Clinical Pharmacology | F: N N R
. Elizabeth J. Phillips’, Ck >3, Michelle Whirl-Carrillo®, Daniel J. Miiller™>®,
& Therapeutics I A A NI YA i A S 1)

Bruce C. Carleton'?, Alfred L. George Jr.'*, Taisci Mushiroda'>, Teri Klein®,
Roscann S. Gammal'®!” and Munir Pirmohamed

doses should be adjusted
according to therapeutic
drug monitoring and
response

doses should be adjusted
according to therapeutic
drug monitoring and
response

Pthytoin

> ppI
cvp2co

R, |— mern — rao

Hydroxyphenytoin .

!

UGTIAG, UGTIAT
IGTIAS

UGTIA9, U

Hydroxyphenytoin-
o. nide

Excreted into urine

Case study

an. 51hin nnan @afulszaming)

Female, 69 years (Seizure, HAP)
PHY SR 100 mg 3 cap., HS. (29/9)
51.8 ug/ml, PHY- overdose (5/10)
PHY-induced DRESS (28 days)
PHY-induced hepatotoxicity
PHY-induced encephalopathy

%% INGBWUSFIaasIa:NISSnulawp:-unna
HANI3A332:  HLA-B Gene : HLA-B*15:01/:
CYP450 Gene : CYP2C9 *3/*3

Unknown A

Fufinsoa: 18 ganAu 2560
nsulaRamanduugAans:

FRIGIL oy . - =
Linssiiviatisasonsuien Phenytoin mugudeyaluilogiu
CYP2C9 fisavinisEsudasenm (Poor Metabolizer, PM)

CADR: ADR-B
X Idiosyncratic
X Unpredictable
X Dose independent

HLA-B*15:02 positive and EeM
risk of AED-induced SCARs
__ HoN |N\ NH, H _(0
OO GO ™ ToRE oy
0% ™NH 07 " NH, c cl O O HN\IgNH
Carbamazepine > Oxcarbazepine >  Lamotrigine =  Phenytoin > Phenobarbital




Key messages: Opportunities for Health

“PGx: The low hanging fruits, it is the innovative tools to
maximize the efficacy and to decrease or eradicate

the adverse drug reactions”

Number of SJS/TEN reports by yearin Thai Vigibase
(1984-2016, June) 1058

600 569
422
400 324 340
. 91 84 o a2
o & 1?“"182061‘12['1/0[‘1" I I
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HLA-B screening and prevention of (SCARs)

Health Professionals :Educational training and
raising awareness

Building a strong interdisciplinary team

PGx-training center + 13 Ph.D. candidate

(MS Ph D ) * 4 MS. Candidate

* * %
* *
* *

PE

FRANCO'THA] European Commission
Chamber of Commerce ERASMUS
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The Royal Golden
Jubilee Ph.D. Program
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You are cordially invited to the PPM 7th Year Anniversary Celebration

“The PPM: Clinical Pharmacogenomics meeting”
Friday August 3, 2018

Auditorium Hall (Mini-theater), 5% Floor, Somdech Phra Debaratana Medical
Center, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok

|

Ramathibodi H
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PM

More information, please request

> Chonlaphat Sukasem
® Mobile: +6681-902-3457
® PPM Clinic: +662-200-4330
® E-mail: chonlaphat_suk@hotmail.com.chonlaphat.suk@mahidol.ac.th
® Line id: Chonlaphat.suk




