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Carbamazepine-induced Toxic Epidermal Necrolysis (TEN)
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Name: Patient 2

Pharmacogenetics test: HLA-B genotyping
Pharmacogenetics result: 15:02/2701

Pharmacogenetics interpretation: High risk for
Carbamazepine/Ox-carbazepine-induced SJS/TEN

The Pharmacogenomics Medicine: A Disruptive Technology

Pharmacogenetics
refers to the role of genetic variation affecting drug response or adverse reactions to drugs
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Approved Drugs with PGx in Label

Drug Marker Phenotype
Pharmacokinetic
AZA/6-MP TPMT Neutropenia
Tetrabenazine CYP2D6 Neurologic
Codeine CYP2D6 Opioid toxicity
Irinotecan UGT1A1 Neutropenia
Clopidogrel CYP2C19 Failure
Warfarin CYP2C9 Dose/INR/Bleeding
Mechanistic/Pharmacodynamic
Cetux/ panitumumab KRAS Failure
Abacavir HLA B*5701 Hypersensitivity
Carbamazepine HLA B*1502 SJS/TEN
Warfarin VKORC1 Dose/INR/Bleeding
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Clinical Practice Guidelines for Epilepsy
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Adults with partial onset
seizure

Children with partial
onset seizure

Generalized tonic
clonic seizure

Absence epilepsy

Juwvenile myoclonic
epilepsy

Atonic/tonic seizure

First line drugs

carbamazepine clonazepam
phenytoin
sodium valproate

phenobarbital

carbamazepine clonazepam
phenytoin
phenobarbital

sodium valproate

phenobarbital
sodium valproate

clonazepam
phenytoin

carbamazepine
sodium valproate

clonazepam

sodium valproate

sodium valproate clonazepam
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lamotrigine (elderly)
topiramate
levetiracetam
gabapentin (elderly)

topiramate

lamotrigine

lamotrigine
topiramate
levetiracetam
gabapentin

lamotrigine

topiramate

topiramate
lamotrigine
nitrazepam

levetiracetam
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oxcarbazepine
zonisamide
clobazam
preeabalin

oxcarbazepine
zonisamide

clobazam

oxcarbazepine
clobazam



Anti-epileptic drugs
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(standard antiepileptic drug)
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(new antiepileptic drugs)

/-

Carbamazepine )
Phenobarbital
Phenytoin

Sodium valproate

Clonazepam Y,

Clobazam

Felbamate
Gabapentin
Lacosamide
Lamotrigine
Levetiracetam
Oxcarbazepine
Pregabalin
Tiagabine
Topiramate
Vigabatrin

Zonisamide




[ Cross-reactivity ]
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Gamma Amino
Butyric Acid (GABA)




Propagated
action potential

Voltage-gated
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Established AEDs Mla-+ CaZ+ K+ GAB.A, Excitatorny

channels channels channels transmission (eg. Glutamate)

tranmnsmissicomn

benzodiazepine i

carbamazepine -

ethosuximide +++

Pphenytoin + ++

Pphenobarbital + . +

sodium valproate -+ + " +

felbamate ++ “+ ++ ++

gabapentin “+ + +—+

Lamotrigine + 4+ +

lewvetiracetarm + + (Bindine to SW2A) +

oxcarbazepine + ++ “+ +

tigabine .

topiramate + + -+ + + ¥

wvigabatrin e

zonisamide ++ ++

Lacosamide + 4+ (Slow] inactivation ¢f voltage gated Ma channels)

Pperampansl 4+
- A y, \_ _/

Moncompetitive AMPA antagonist)

¥ Decreased, Ma+: sodium, +: increased, CaZ+: calcium. K+: potassium, GABA: Y-aminobutyric acid, SWa2A:
synaptic wesicle glycoprotein 24, AMPA: ionotropic OF amino-3hydro:xoe-5 methyl-4a isoxazolepropionic
acid receptor, AEDs: antiepileptic drugs, +4++: primary action, ++: probable action, +: possible action



AED: 3 main categories of therapeutics:

* Inhibition of voltage-gated Na+ channels

* Inhibition of Ca++ channels

* Enhancement of the inhibitory effects of the
neurotransmitter GABA.
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(sodium channel blocker)

 Phenytoin (Dilantin, Phenytek)

* Fosphenytoin (Cerebyx)

« Carbamzepine (Tegretol, Carbatrol)

« (Oxcarbazepine (Trileptal)

* Valproic Acid (valproate; Depakene, Depakote)
« Lamotrigine (Lamictal)

« Topiramate (Topamax)

e Zonisamide (Zonegran)

blocks voltage-gated sodium channels by selectively
binding to the channel in the inactive state and
slowing its rate of recovery

Sodium lons/Channels

open inactivated
Na* Na*

7/
carbamazepine lamotrigine
phenytoin valproate
' ‘ a* zonisamide
topiramate .
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Ethosuximide (Zarontin)
Gabapentin (Neurontin)
Pregabalin (Lyrica)

Levetiracetam (Keppra)

>

Inhibit low-threshold (T-type) Ca 2+ currents,
especially in thalamic neurons that act as
pacemakers to generate rhythmic cortical discharge.
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(enhancing GABAergic inhibition)
1. Barbiturate drugs:

Phenobarbital (Luminal)
Primidone (Mysoline)

2. Benzodiazepine drugs:
Diazepam (Valium)
Lorazepam (Ativan)
Clonazepam (Klonopin)
Clorazepate (Transxene-SD)




PK of AED

Cause
Drug | Absorption Binding % Elimination | t %2 (hrs) Interactions
CBZ 80 75-85 100% H | 6-15 Yes
PB 100 50 75% H | 72-124 Yes
0
PHT | 95 90 1?_:3/“ 12-60 Yes
VPA 100 75-95 100% H | 6-18 Yes

CBZ:Carbamzepine, PB:Phenobarbital, PHT: Phenytoin, VPA: Valproic Acid




PK of AED

Drug | Absorption | Binding | Elimination (I.;ﬁ) oause
GBP < 60% 0% 100% R 5-9 No
LTG 100% 55% 100% H 18-30 No
LEV ~100% <10% 66% R 4-8 No
TGB ~100% 96% 100% H 5-13 No
TPM 280% 15% 30-55% R | 20-30 Yes/No

GBP; Gabapentin, LTG; Lamotrigine, LEV; Levetiracetam, TGB; Tiagabine, TPM; Topiramate




PK of AED

Drug Absorption | Binding | Elimination (-:; ;ﬁ) In te(:::tis:ns?
ZNS 80-100% | 40-60% | 50-70%H | 50-80 No
OXC 100% 40% 100% H 5-11 Yes/No
LCM 100% <15% 60% H 13 No
RUF 85% 35% 100% H 6-10 Minor
VGB 100% 0% R 7-8 Yes/No

ZNS; Zonisamide, OXC; Oxcarbazepine, LCM

; Lacosamide, RUF;

Rufinamide, VGB; Vigabatrin




AED metabolism

AED CYP3A4 CYP2C9 |CYP2C19 UGT
CBZ +

PHT + +

VPA + +
PB +

ZNS +

TGB +

OXC + +

LTG +
TPM + +

LCM +

CBZ:Carbamzepine, PB:Phenobarbital, PHT: Phenytoin, VPA: Valproic Acid, GBP; Gabapentin, LTG; Lamotrigine,
LEV; Levetiracetam, TGB; Tiagabine, TPM; Topiramate, ZNS; Zonisamide, OXC; Oxcarbazepine, LCM; Lacosamide,
RUF; Rufinamide, VGB; Vigabatrin



AED Inducers

Broad Spectrum Inducers:

— phenobarbital - CYP1A2, 2A6, 2B6, 2C8/9, 3A4

— primidone - CYP1A2, 2B6, 2C8/9, 3A4

— phenytoin - CYP2B6, 2C8/9, 2C19, 3A4

— carbamazepine - CYP1A2, 2B6, 2C8/9, 2C19, 3A4
¢+ Selective CYP3A Inducers:

— oxcarbazepine - CYP3A4 at higher doses

— topiramate - CYP3A4 at higher doses

— felbamate - CYP3A4



AED Inhibitors

¢ Valproate:
-UDP glucuronosyltransferase (UGT)
1 plasma concentrations of lamotrigine, lorazepam
-CYP2C19
li plasma concentrations of phenytoin, phenobarbital
¢+ Topiramate & oxcarbazepine: CYP2C19
li plasma concentrations of phenytoin, phenobarbital
¢ Felbamate: CYP2C19
li plasma concentrations of phenytoin, phenobarbital



Tl of AED (serum concentrations)

AED Serum Concentration AED Serum Concentration (png/ml)
(ng/ml) gabapentin 4 -16
carbamazepine 4-12 levetiracetam 20 - 60
ethosuximide 40 - 100 oxcarbazepine 5-50 (MHD)
phenobarbital 20 - 40 pregabalin 5-10
phenytoin 5-25(10-20) tiagabine 5-70
valproic acid 50 - 100 topiramate 2-25
primidone 5-12 zonisamide 10 - 40
lamotrigine 2-20 felbamate 40 - 100
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as R 16 ewnasludiouszasdaine (adverse drug reaction)

carbamazepine
clonazepam
gabapentin
lLamotrigine

levetiracetam
nitrazepam

oxcarbazepine
phenobarbital

phenytoin

pregabalin

sodium
valproate

topiramate

vigabatrin
zonisamide

lacosamide
perampanel
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hyponatremia
serum sickness

Fudniau uRaBuusn choreo-athetosis
W wazssutndslenaly W@ulszam
onau megaloblastic anemia (folate
deficiency) cerebellar deseneration
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N1 hyperammonernmia
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fialule N1 agranulocytosis, aplastic
anemlia

atrioventricular block, palpitation
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1l suicidal ideation

skin rash, Steven
Johnson syndrome™

skin rash, Steven
Johnson syndrome

skin rash, Steven
Johnson syndrome

skin rash, Steven
Johnson syndrome
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Sulfonamide




Most Reported Suspected Drugs with SCARs Carbamazepine: HLA-B* 15:02

( 1984-2 0 1 6 J u ne) http://www.fda.gov/cder/foilnda/2007/ 016608s098,0207125029,021710_ClinRev.pdf
e ———————————
B No of ICSRs

PHENOBARBITAL |[IZED)
COLCHICINE
FLUCONAZOLE
AMOXYCILLIN
PARACETAMOL

NEVIRAPINE CONATAINING...
CARBAMAZEPINE

[ PHENYTOIN ]
ALLOPURINOL

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

Molecular Weight: 236.26858

CO-TRIMAXAZOLE

Allopurinol: HLA-B* 58:01

0 1000 2000 3000 4000

Dr. Wimon Suwankesawong, HPVC, FDA - r 2009
4 N s -
Thai population (n=986) =
 HLA-B* 15:02 =16% ;
* HLA-B* 58:01=17% s T o e

Puangpetch and Sukasem et al. Frontier genetics, 2015 . = S Ank Aok Dasinsiol 2008:68:28-58

Stevens Johnson Syndrome Toxic epidermal nacrolysis
(sas) (TEN)

Allopurinol is the most common cause of




The SCAR Determinant and Contributing Factors

1. Human Leukocyte Antigen (HLA gene)
*HLA-B*15:02 and Carbamazepine

2. Cytochrome P450 (CYP450 polymorphisms)
*CYP2C9, CYP2C19 and Phenytoin

3. Drug-Drug interaction (DDI)

e Lamotrigine and Valploic Acid (UGT2B7 inhibitor)

e Lamotrigine and Ginseng (UGT inhibitor)

*Phenytoin and Omeprazole (CYP2C19 inhibitor)




CADR: ADR-B
* Idiosyncratic

PGx-guided appropriate drug

Identify who is at risk for Severe cutaneous |+ Unpredictable
(SCARS) of treatment |* Dose lndependet
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adverse drug reactions
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maculopapular eruption  gteyens Johnson Syndrome Toxic epidermal necrolysis Drug reaction with Acute generalized
(MPE) (s35) (TEN) eosinophilia exanthematous pustulosis

and systemic symptoms (AGEP)

Type IV: Delayed Hypersensitivity Reactions (oress)

Choose the right dose
to the right patient

PGx markers

CBZ mmp HLA-B* 15:02

All == HLA-B* 58:01 Positive PGx markers Negative PGx markers
Dap ™ HLA-B* 13:01
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Antigen-presenting area

C———————

(a) HLA-B*15:02

Antigen-presenting area

mm HLA-B"5:02
o HLA-B'15:08
e HLA-B'15:11
mm HLA-B"5:21

Jaruthamsophon K, Tipmanee V, Sangiemchoey A,
Sukasem C, Limprasert P. Sci Rep. 2017

® Located on the short arm of chromosome 6

® 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 cel
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P-1 Model

m Carbamazepine
P
self peptide
Self protein ;

l Golgi

Proteasome

Endoplasmic
reticulum

APC

self peptide
© granzyme B © granulysin

[

X |
% '
o
w TCR HLA class |
(e.g. HLA-8B* 15:02)

‘” perfonrn

W H” maternal MHC class I
WHH paternal MHC class Il
F F'F maternal MHC class |
v FF paternal MHC class |

HLA
MHC Complex

HLA-A L7 o
b : 21.32p
(- | = 21.31p
o =
(=
HLA-C | gz = centromere
\“:-.__ [
HLA-B —7 | |
|
|
II =
HLA-DR arm
\‘i; I|
HLA-DC -~ |
= |
HLA-DP -~ DA

human chromosome 6

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

Stevens-Johnson Syndrome (SJS)/Toxic Epidermal Necrolysis (TEN)
The rash in SJS/TEN consists of painful pink to dark-red spots

| that may blister and usually involves the skin, lips, mouth, eyes,

and genitals.
Middle-stage rash -

Early-stage rash
Typical rash

= distribution

Flat or sl}ghtly ;aised pink
spots with dark-red centers

Redness, irritation, pain, and

‘ Redness, blisters, and erosions
erosions of the eyelids and eye

of the lips and inside of the mouth
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shuns sWadaeasIa san s nun. wnla
CYP2C19 Genotyping 400279 1800/2000 37580 1800
CYP2C9 Genotyping 400280 1800/2000 37581 1800
Thiopurine methyltransferase activity 410062 2900/3400 37596 1100

38 HPLC (TPMT gene targeted
mutation analysis
HLA-B=1502 allele -Realtime PCR
{(HLA-B*15:02)

410052

1000/1000

30621

HLA-B*5701 aliele -Realtime PCR 410053 1000/1000 30633 1000
(HLA-B*57:01)
HLA-B=5801 allele -Realtime PCR 410054 1000/1000 30622 1000
(HLA-B™58:01)
ApoE polymorphism PCR RFLP 410061 1800/2200 37521 1200
Real time PCR - Others 37524 2000
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Landscape of HLA-B*15:02 in Thailand (10 Years)

HLA-B*1502 and CBZ-SJS/TEN

{ Retrospective St“d'es] HLA-B*1502 and CBZ-SJS/TEN

HLA-B* 1502 screening (review)
HLA-B*1502-CBZ-SJS/TEN in Thai neuropathic pain
PGx screening of CBZ-SCARs (review)

CEA of HLA-B*15:02 and CBZ
CEA of HLA-B*15:02 and CBZ
HLA-B*1502 and CBZ-SJS/TEN in Thai (meta-analysis)

[ Cost-effective analysis ]

Pharmacogenomics of drug-induced SCARs in Thai (review)

HLA-B*15:02 screening prior
CBZ treatment: (PILOT STUDY in BANGKOK)

National Guideline for HLA-B*15:02
1 HLA-B*15:02 in Thai population (16%)

Guideline CPIC guideline of
1 HLA-B*15:02 for CBZ and Ox-CBZ

HLA-B*15:02 and CBZ-SJS/TEN, DRESS, MPE
[ Public health policy

[ Prospective study ]

Universal health coverage of
HLA-B*15:02 screening in Thai

Locharernkul C., et al. Epilepsia.
Tassaneeyakul W., et al. Epilepsia.

Locharernkul C., et al. Epilepsia.

Kulkantrakorn K., et al. Pain Pract.
Locharernkul C., J Clin Neurosci.
Rattanavipapong W. et al. Epilepsia.

Tiamkao S. et al. Int J Clin Pharm.
Tangamornsuksan W. et al. JAMA Dermatol.
Sukasem C. et al. Asian Pac J Allergy Immunol.

Unpublished data (NHSO)

Epilepsy Society of Thailand
Puangpetch A. et al., Front Genet.
Jaruthamsophon K, et al. Sci Rep.

Phillips EJ, Sukasem C., et al. Clin Pharmacol Ther.

Sukasem C., et al. J Immunol Res.

NHSO

2008
2010
2012
2012
2012
2013
2013
2013
2014

2014

2016
2016
2017
2017

2018
2018
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Clinical Practice Guidelines for Epilepsy

ﬁﬁﬂ?’mﬁuﬁuﬁﬂmﬂmﬁﬂ Steven-Johnson syndrome (SJS) wae toxic epidermal necrolysis (TEN)TuQﬂiﬂﬁﬂﬁu HLA—B*lSUZ\
nositive TiliSuen CBZ lnewamelungumumiiedeny Susonideds wu ity siady Bealus suassnalng f
Reimsdamsamaiugnssd HLAB*1502 allele Lﬁaﬁﬂﬂm@"L’J"AﬂﬁﬂammﬁmﬂﬁLLﬁm (BZ \WieanmuiABsweansiin
El’lﬂ’l'iLLﬁEJ’ljluLL‘N WU Steven Johnson Syndrome (SJS) ¥ toxic epidermal necrolysis (TEN) i mortality rate qaﬁq
\ 38wz 30 av dAuuzadlag US FDA linvsasmsaavnby HLA-B*1502 luthemuedon: Tuseniosla Aoy (BZ /
waepnssealny Sslunsldenlunqu CBZ, PHT, PB, OXC, LTG iseallemaiin cross-reactivity ﬂJﬂﬁﬂﬁLﬁﬁﬁlmLﬁﬂ’]ﬁ'}MﬂEjM

SEHIEAIULA LTl iR lsAandndmiuunng 46




CHINA

CHINA SEA

PGx-Lab: sufficient and convenient access
throughout the country

19 PGx Labs

-Center Labs in Medical Schools

 Ramathibodi Hospital (MU), BKK

e Siriraj Hospital (MU), BKK

* King Chulalongkorn Memorial Hospital (CU),BKK
« Songklanagarind Hospital (PSU), Songkla

e Srinagarind Hospital (KKU), Khon Khean

-14 Local Laboratories of Department of Medical
Sciences (DMS), Ministry of Public Health

3 Labs

-National University Hospital
-Singapore General Hospital
-Changi General Hospital




Laboratory for Pharmacogenomics:
Genotyping Core Lab

Laboratory for Therapeutic drug

monitoring and Enzyme activity:

Phenotyping core lab

Pharmacogenomics Clinic

Division of Pharmacogenomi

\_ ACCREDITATION zZmmb 1SO

MEDICAL
LABORATORY

cs and Personalized Medicine

Department of Pathology, Ramathibodi Hospital

1SO 15189 | %/ Accrdianon o o6




Evidence-based PGx tests, 2019

A
PPM

wuunasuaIsdvasIAtnA AN USANENT
PHARMACOGENOMICS TEST REQUEST FORM

2inyaejilu (Patient details)*ninnnsamiauabinsumuni adssisuutumsiiasiaiaa

*ﬁa-ana N TR S UTNATNE ) oo evrnse s iR o oN RS AR PR AT 0 any (Ages):

e (Gender) :

fl (Yrs.) 2/e/dl.fia (Date of Birth): ...............
O 2nu (Male) O o (Female)

1@ 2523167 (HOSPItal NO.): oot

VHA2ZNE (BERNICILY): <o ee e ene i (Weight/Kg): .....ccvceee @2ua9 (Height/ecm.): oo

MUILITUAFINGIR (HOSPItAl): ot TUAHIASIR (Ordered date): ........cccievinmemmismissaisnasestnisensasmessasnnis

Usanndvduasia:

unneaunsia (Physician): ..
(Specimens)

was@inaa (Tel/Fax/Email): ..
T505:702002098MVIRLTHTUNNTENEIN (LISt MEAICALION): .....oveeeseeeeees et eie et ee s e e e ee s ee e e s eese s ss e e sse s ees s s ee s s ee s aesee s eeses e e ernes
mquaﬂﬁqmﬂa (Reason for test):

[0 EDTA Blood 3-6 ml. 3nuau 1-2 vaan

O avduinafeanmsliivilszaud (Suspected Adverse Drug Reaction)
0 wiarwukunisinun (Planned or New Treatment)

0 wiadsuaunaan (Dose adjustment)

O &ua (Tsassy
pWiihalasutuilaaiiu (Current medications): ..........ccc.cee.....

nisasyaddasumanduifiugeinsians (Pharmacogenomics testing)

m} 410001 AmpliChip (u} 410052 HLA-B*15:02 alaas.

u} 410002 UGT1A1 (m} 410053 HLA-B*57:01 alatar.

O 400290 TPMT genotyping 0 410054 HLA-B*58:01 alaal.

m 410062 TPMT activity (m} 410055 HLA-B*35:05 alaas.

u} 400276 CYP1A2 polymorphism ] 410059 HLA-B for Dapsone (HLA-B*13:01)

m} 400277 CYP2A6 polymorphism O 400286 HLA-B for Carbamazepine (HLA-B*15:02)
O 400278 CYP2B6 polymorphism O 400285 HLA-B for Abacavir (HLA-B*57:01)

O 400279 CYP2C19 polymorphism O 400284 HLA-B for Allopurinol (HLA-B*58:01)
u] 410058 CYP2C19 polymorphism (10 SNPs) u} 400288 HLA-B for Nevirapine (HLA-B*35:05)
O 400280 CYP2C9 polymorphism 0 410056 Pharmacogenetics in HLA-B (PCR-SSO)
a 400281 CYP2D6 polymorphism (4 SNPs) O 410060 Pharmacogenetics for DPYD

O 410057 CYP2D6 polymorphism (19 SNPs) ] 410061 Pharmacogenetics for ApoE

O 400282 CYP3A4 polymorphism (] 410061 Pharmacogenetics for Erythropoietin
u] 400283 CYP3AS5 polymorphism ] 410063 Busulfan Persenolized Medicine

O 400293 Pyrosequencing for SNP

vavslfiudnisinduWuseand 4u 4 2 sAugn UMW NHENIGINS N IIA Y NIATTINEIBTNLY AMIZLANUAIEATTSINLILIASINIBUE
Laboratory for Pharmacogenomics, 4" Floor Somdech Phra Debaratana Medical Center, Department of Pathology,

Faculty of Medicine, Ramathibodi Hospital

fldasvdunissvasirTdsafiona sa.as.nn.dadns Juinsu Tns 02-200-4331-2 Insans 02-200-4332

Email: i Website: www.ppmrama.com

sunsaemnuiuaauuurasusauesIla? @ http://med.mahidol.ac.th/patho/th/Laboratory/Pharmacogenomics Fo-WI-LPM-08/002 Rev.3 14/11/60

A1sasIadBasunIstnAANusaIansa1isuaaug (Pharmacogenomics testing in other drugs)

410028
410003
410004
410005
410036
410006
410029
410007
400287
410008
410009
410010

OOooOoOoooOoooooaoao

410034

Acetaminophen (CYP2D6)
Amitriptyline (CYP2D6)
Aripiprazole (CYP2D6)
Atomoxetine (CYP2D6)
Azathiopine (TPMT)
Carvedilol (CYP2D6)
Citalopram (CYP2D6)
Clomipramine (CYP2D6)
Clopidogrel (CYP2C19)
Clozapine (CYP2D6)
Desloratadine (CYP2D6)
Dextromethorphan (CYP2D6)

Efavirenz (All in one assay)

[}

Oo0oO0Ooooooooaoao

410030
410011
410032
410012
410033
410037
410013
410014
410031
410015
410016
410017
410018

Fluoxetine (CYP2D6)
Galantamine (CYP2D6)
Gefitinib (CYP2D6)
Imipramine (CYP2D6)

[}

Irinotecan (UGT1A1)
Mercaptopurine (TPMT)
Metoprolol (CYP2D6)
Nortriptyline (CYP2D6)
Olanzapine (CYP2D6)

Paroxetine (CYP2D6)
Perphenazine (CYP2D6)

OooOoooOooOooooOoaag

Pimozide (CYP2D6)
Propafenone (CYP2D6)

410019
410020
410021
410022
410023
410024
410025
410026
410027
410038
410050
400289

AIsasandAIaudIsiansuasean (Pharmakokinetics and Therapeutic drug monitoring)

O 410051

Therapeutic drug monitoring

Propranolol (CYP2D6)
Protriptyline (CYP2D6)
Risperidone (CYP2D6)
Terbinafine (CYP2D6)
Tetrabenazine (CYP2D6)
Thioridazine (CYP2D6)
Timolol (CYP2D6)
Tolterodine (CYP2D6)
Trimipramine (CYP2D6)
Thioguanine (TPMT)
Voriconazole (CYP2C19)
Warfarin (CYP2C9/VKORC1)

**agan luziayanvadinuiuduuia
ANTAUIAIUUIALN

*sy1yitagridaonisasia ngadacdavaalfiinisnau

** gingIantenannAsnludrudunisaiuintaul e wianuriinI i susuisuitusilra (fruduan Warfarin)
*nyannsanidaya iasudundadsy oz Tun sdurniuuie gl

Prothrombin time (PT)

Smoke

Liver disease
Any azole

(eg. Fluconazole)

Bactrim (TMP/SMX)

Amiodarone

Statin

O YES O No
O YES O NO
O YeEs O No
O YES O NOo
...................... mg/day

Baseline INR

Indications:

Atrial fibrillation

Cardioembolic stroke

Deep venous thrombosis

Heart valve replacement

Hip fracture

Urgent = 24 hrs.

Target INR

Heart failure/Cardiomyopathy

Hip replacement

Knee replacement

Myocardial infarction
Pulmonary embolism
Pulmonary hypertension

Others

vinalfjiidnistndziiugaiand 2iu 4 atetsaudnisunndindansanwinid n1a3zwaBIne anzuwnael&nd TSanE U RN BUG
Laboratory for Pharmacogenomics, 4" Floor Somdech Phra Debaratana Medical Center, Department of Pathology,
Faculty of Medicine, Ramathibodi Hospital
firasvdunsaansdaTusadineia se.as.nn.Uains guini Tns 02-200-4331-2 Twnsans 02-200-4332
i i Website: www.ppmrama.com
ansnaiTvaauuuwadndensia’led : http://med.mahidol.ac.th/patho/th/Laboratory/Pharmacogenomics

Email :

Fo-WI-LPM-08/002 Rev.3 14/11/60



aree9aensa9; EDTA blood 3-6 mL

Lavender-top tube Tube containing
containing EDTA whole blood

=

Draw blood
—_

winld heparinized blood




1. HLA-B*15:02 specific detection

HI A-B for Carbamazepine

Genotype : Negative HLA-B*15:02
3
. " at o P ar . ar o
Predicted Phenotype : Tiasenudlusraan1suien Carbamazepine ﬁﬂﬂﬂ’luﬁu‘ﬂﬂ%ﬁjﬂﬂﬂﬂﬂu
) ; ; 3/ , Y = = = Y = v o=
Therapeutic recommendation : @115 1%#81 Carbamazepine 18 lasiinuasalunismmasinisuieinisriviiaria

v i
af 1 Gl ==y s o L
FULTI (STS, TEN) HBeNNHNHEUATINUAIUIY

2. HLA-B alleles detection

HI 4-B for Carbamazepine

Genotype : )Negaﬁve HILA-B*15:02

Possibility genotype’ : HILA-B*15:01/58:01

Predicted Phenotype : NaiasafuFILaTABnN1sLHRE Carbamazepine, Oxcarbazepine 133 110y a luilagiiuv
Therapeutic recommendation” :  &13150 1987 Carbamazepine, Oxcarbazepine 18 Iagiinamasalunishasinisuieinia

" 3
= o = al " Pl =h = s o L=
FIHHITHAT LT (SIS, TEN) Hﬂﬂﬂ11ﬁdﬂﬂﬂuﬁﬁﬁﬂﬂﬁ?ﬂﬂﬂi
ar
. . =1 o L= ! kY e
More information : FanisAasilaen HL4-B ‘I-'-Iﬂﬂ?ﬂﬂﬂiﬁﬂﬂTﬁLL‘l‘lﬂTﬁ1ijg1uﬂJﬂH'ﬁcl.ﬂﬂ?ﬂ ﬁg‘]_l‘lqlﬁﬂ HILA-B*5K8:01

=2 = ot o o o = Y o = o =
FINANUFUNUFNUAISAAHUUNSINI9HINTI¥L A U539 (MPE, SIS, TEN, DRESS)

. s 3 =1 =i 1 . al» -=EI
2181 Allopurinol A3 HAITHANABINTT 181 Allopurinol Tuples18%



C P I C What Pharmacist should know for
|mlF'JTécnfLE?aatf?naE%%ig‘fﬁ'ﬁ?n PGx-CBZ and Ox-CBZ in Clinical Practice

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

Update

Elizabeth ]J. Phillipsl, Chonlaphat Sukasem?>, Michelle Whirl-(hrrlllo Daniel J. Miiller>®,
Henry M. Dunnenberger’, Wasun Chantratita®”, Barry Goldeplcl Yuan-Tsong Chen™=,
Bruce C. Carleton'’, Alfred L. George Jr.'*, Taisei Mushiroda'’ Tcn Klein™,

Roseann S. Gammal'®'” and Munir Pirmohamed"'®

@ ASC PT Ak S b Clinical Pharmacology @

Clinical Pharmacology
A Therapetics & Therapeutics |:)|:) M



We have to learn more for the clinical
implementation

REAL WORLD

JUST AHEAD 2~




Negative HLA-B* 15:02 (Low risk) but Why he got SJS?



CBZ-induced SJS/TEN T PLOS | 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 Jaruthamsophon', Thanya Sripo', Chonlaphat Sukasem?®, Pornprot Limprasert’

Negative
. Positive

Specific HLA-B* 15:02 Screening Specific HLA-B* 15:02 Screening :
Negative HLA-B* 15:02 (Low risk) False negative to identify the high
CBZ-induced SJS (14 days) risk patients ?
HL A-B for Carbamazepine
Genotype : [ Negative HLA-B*15:02 ]
Predicted Phenotype : ©3in3 9 AL BRI Carbamazepine awgudoyaluilagiiv

. . T 9 . 9 =t =t = LY = as =
Therapeutic recommendation’ :  &14130 1¥8 Cm‘bamazepmellﬁ Tasdianu@salun1snan 1IN TUNEINIHINEITUA
. y
U159 (SIS, TEN) 10sniniigunsanuf 1y



CASE 1: CBZ-induced SIS

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

Negative
Positive

Allelic HLA-B genotyping

®PLOS |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 Jaruthamsophon', Thanya Sripo', Chonlaphat Sukasem?®, Pornprot 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

J




SCIENTIFIC REP{%}RTS

Journal of Immunology Research Fac HLA_B*15:21 and carbamazepine_

HLA-B*15:21; OR=9.54 in Thai iInduced Stevens-Johnson

95% C11.61-56.57, p = 0.013 syndrome: pooled-data and in silico
(N=case 2/16, HLA-B*15:02=12) .
analysis

(Sukasem C, et al. J Immunol Res. 2018)
Kanoot Jaruthamsophon?!, Varomyalin Tipmanee?, Antida Sangiemchoey?,

Chonlaphat Sukasem*®? & Pornprot Limprasert!

* Member of Serotype 75 as risk PE—
alleles (15:02, 15:08, 15:11 and PR

Antigen-presenting area

i
\4

15:21
2 y ( 7-.\ -
(a) HLA-B*15:02 (b) HLA-B*15:08
ACu:IWNEAEas]ISoWEIUIaSILIBUG]

Antigen-presenting area Antigen-presenting area

HWaM3A32: HLA-B Gene : HLA-B*15:13/15:21
WATIR: |
pIsuUaKaMILATBWUGANERT:

safumUsBromsuen Carbamazepine, Oxcarbazepine

(c) HLA-B*15:11 (d) HLA-B*15:21

S 2
mugutoyalutegiu

mmmmmm Carbamazepine (CB2Z) s HLA-B*15 protein



Epilepsia, 51(12):2461-2465, 2010
doi: 10.1111/5.1528-1167.2010.02766.x

BRIEF COMMUNICATION

HLA-B*151 I|is a risk factor for carbamazepine-induced [ Japanese J
Stevens-Johnson syndrome and toxic epidermal necrolysis

in Japanese patients

*Nahoko Kaniwa, *Yoshiro Saito, {Michiko Aihara, {Kayoko Matsunaga, *Masahiro Tohkin,
*Kouichi K yHi i i i i **Qhicern
Kinoshita, I

~cnies{ Carbamazepine-induced Stevens-Johnson syndrome/

toxic epidermal necrolysis overlap in a Filipino with —
positive(HLA-B75 serotype | [ Phillipino J

Francis Capule,"* Pramote Tragulpiankit,! Surakameth Mahasirimongkol,?
Nuanjun chhukchlndL 3 liranhiin littiknnn 4 | ara Tharaca Alantaian_Alata

5

Jay-V James Barit,’ Joss Association of the HLA-B alleles with

Jose Paciano Baltazar | carbamazepine-induced Stevens—Johnson
Catherine Lynn Silao™| gy ndrome /toxic epidermal necrolysis in the
Javanese and Sundanese population of
Indonesia: the important role of the
HLA-B/75 serotype]

Rika Yulivwulandari®1-2:3, Erna Kristin3%4, Kinasih Prayuni?, Qomariyah Sachrowardi®,
Franciscus D Suyatna®-®, Sri Linuwih Menaldi’/, Nuanjun Wichukchinda®, Surakameth
Mahasirimongkol® & Larisa H Cavallari®

[ Indonesia J




Negative HLA-B* 15:02 (Low risk) but Why she got DRESS?



HLA-B* 15:02 and CBZ
Phenotype specific marker

CASE 2: CBZ-induced
DRESS (test prior)

A female got CBZ after

| b 200 1179
: * 1.
hegative HLA-B™ 15:02 12 1 CBZ induced DRESS is rare
screening >>> DRESS 4o 1 in Thailand
00— 75 13
gg | 55
Association between HLA-B Alleles and Carbamazepine- | 4 - o IR
Induced Maculopapular Exanthema and Severe il H E B BN
Cutaneous Reactions in Thai Patients R L L O N
§~°\ § & o aoe’o S ,g.@*. & &'bﬂ} & @’5"
'(s’o \\OQ W ¢ Q’&Q ? qo"Q @ 4\0“) Q@"
Sukasem C, et al. J Immunol Res. 2018 YR OByTuna g iliesearch ©o v

95% Cl 19.67-255.65

HLA-B*15:02 and SJS/TEN; OR=70.91

p=4.46x10"13

[The limitation of HLA-B* 15:02\

for CBZ screening

No association of HLA-B*15:02
and CBZ-induced DRESS (n=5)

HLA-A*33:03 for DRESS
(unpublished data)

HLA-B* 15:02 could not predict
non- SJS/TEN from CBZ

o J




Imp: Stevens-Johnson Syndrome

—

NDC 62756-185-13 ™=

"" Oxcarbazepine =
Tablets
600 mg

lv Q .-
0(;“ B SUN =

Positive HLA-B* 15:02, OX-CBZ was prescribed.
Why he got SJS?



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

O

N LD

O)\NHZ OJ\NHZ

Carbamazepine Oxcarbazepine
(OXC)

(CBZ)

Chun-Bing Chen, MD
Yi-Hsin Hsiao, MD
Tony Wu, MD, PhD
Mo-Song Hsih, MD
Wichirtra Tassaneeyakul,
PhD
Teekayu P. Joms, PhD
Chonlaphat Sukasem,
PhD

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

Risk and association of A/Z.A with

oxcarbazepine-induced cutaneous adverse
reactions 1n Asians

" HLA-B*15:02 and OXC- )
SJS/TEN
ABSTRACT (OR=27.9)

Objective: To investigate the risk and geneti

adverse reactions (OXC-cADRs), including St4 Less Severity than CBZ
(SJS/TEN), in Asian populations (Chinese and

Methods: We prospectively enrolled patients u\ (N EU ROLOGY} 2016) /A
to 2014, and analyzed the clinical course, latent period, drug dosage, organ involvement, compli-

cations, and mortality. We also investiaated the carrier rate of HLA-B*15:02 and HLA-A*31:01
of patients with OXC-cADRs and comj '

HLA-
TR caimm o e s i A il el B*1 L
— = ”;\x‘\\
= =1 ~.
‘Antigen (drug[ A (. \
- © = \
8 - = Y
| CD8+Cytotoxic T-cell ]
&3 \ = /
APC — = ‘ - .

(Keratinocyte)

Keratinocyte
Apoptosis
= B -+

SIS-TEN



Drug-Induced Stevens-Johnson Syndrome and Toxic

Epidermal Necrolysis Call for Optimum Patient @_, N
Stratification and Theranostics via Pharmacogenomics. PPM

HLA-B*1502

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

HLA-B*1501

P-1 Model
m Carbamazepine
o)\nm
self peptide
Self protein o1 N
\ [ Y-
l GO‘QI 8 /-ﬂ' oo
Ie) N [ Fas
[ - ] 4= ., Proteasome N'
OO CLOD
; N
07 NH, 07> 'NH,
Carbamazepine Oxcarbazepine L&
{e.g. HLA-B8"* 15:02)
(C BZ) (OXC) Endoplasmlc ‘selpepﬁde Sperfonn
APC reticulum © granzyme B @ granulysin

In silico modeling revealed a preferred molecular conformation of the
hydrogen bond with the and B pocket of 48
HLA-B*1502 was well fit by the tricyclic group of CBZ.




Ox-car-SJS-TEN and HLA-B*15:02

,\r/\
BPM

oo o | Update

Rx only o o - - - -~ ~ 2.3 - - - -~ - 4 - . &
somaers  SUN = Elizabeth J. Phillips', Chonlaphat Sukasem™?, Michelle Whirl-Carrillo®, Daniel J. Miiller™®,
R g -
7 > -~ - S.9 - - (8] ~ i B
Henry M. Dunnenberger’, Wasun Chantratita™?, Barry Goldspicl'?, Yuan-Tsong Chen 2
) g ) F 24

. ~ 13 nd ~ 1- - - - 1S5 - - - £
Bruce C. Carleton’”, Alfred L. George Jr. *, Taisci Mushiroda'”, Teri Klein™,
ST 16,17 R Z 18
Roscann S. Gammal and Munir Pirmohamed

Clinical Pharmacogenetics Implementation
Consortium Guideline for HLA Genotype and Use
. emee 2l | Of Carbamazepine and Oxcarbazepine: 2017

~ Oxcarbazepine

* Positive PG marker: HLA-B*15:02-positive (*15:02/*X or *15:02/*15:02)
High risk of SIS-TEN ‘ Ox-CBZ is not recommended
(Alternative choices: AED)

* Negative PGx Marker: Non-carrier of HLA-B*15:02 (*X/*X)
Normal risk of SJS-TEN ‘ Use Ox-CBZ per standard dose

_ o
P B, T L

Stevens Johnson Syndrome Toxic epidermal necrolysis
(s38) (TEN)

yCPIC

Clinical Pharmacogenetics
Implementation Consortium



/
CBZ-PGX: Ethnic specific marker

e HLA-B* 15:02>>> Han Chinese, Thai, Indian,
Malaysian, Singaporean, Vietnamese, SEA

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

\ European

~N

J

CASE 4 : Requested HLA-B* 15:02
for a Japanese patient: False negative

PGx-HLA-B* 15:02

!

PGx-HLA-A* 31:01 gl

By

@@ uurasumsivannAugAAas ‘.'

PPM PHARMACOGENOMICS TEST REQUEST FORM

daywiiha (Paient deulls)'w
fa-4na (Name-Sumame): N0 (Ages): ... D(Vrs) Y/tluhe (Oateof Bith)..........

oof (Gender): O (Moke) 0o (Female)

11TV 7 ) ——

O Ty ) R N 117" — 1] (73—

sl (Hosptal): s T0RTA (Ordered dite):.......
oy () EDTABod 36 UOHAINTIN (PR s
Tisemyslaaonitaitunmion (List medcation)
oo (R o L) ) g (Spected Aderse Ong Reacn

0 anownnion (Panned or New Treatment)

0 afumwnan (Dose adustment)




CBZ-PGX: Ethnic specificity

\_

Genome-wide association study
identifies HLA-A*31:01 allele as a genetic

risk factor for carbamazepine-induced
cutaneous adverse drug reactions in
Japanese population. (ozekiT, Hum Mol Genet. 2011)

HLA-A*31:01 and carbamazepine-

induced hypersensitivity reactions in
Europeans. (McCormack M, N Engl J Med. 2011)

Carbamazepine-induced severe
cutaneous adverse reactions and HLA
genotypes In Koreans. (kim sH, Epilepsy Res. 2011)

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

e ., P
" x‘
American European <0'.(&m )
1502
0%(1502) 0% (1502)  610% ((3101) '
3-5% (3101) L& 3.5% (3101) ; .
Japanese
| <0.2% (1502)
L | 7-14% (3101)
' 5
. 1
\ i
ATNAMERIA -~ 2.35, (3101) e .
‘ 1""'0 xy(“mz)' | 4.2% (3101)
<1% (3101)

r

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




What Pharmacist should know for .SCPIC wm'
PGx-CBZ and Ox-CBZ in Clinical Practice ey o PP M

HLA-B*15:02 is strongly associated with CBZ and OX-CBZ-induced SJS-TEN
Phenotype specificity: HLA-B* 15:02>>CBZ-SJS-TEN, HLA-A* 31:01>>CBZ-MPE, DRESS
Share risk marker for aromatic group: CBZ and OXC

W NR

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 for CBZ (HLA-B75 serotype=15:02, 15:08, 15:11 and 15:21)

Clinical Pharmacogenetics Implementation

weiansweylr | Consortium Guideline for HLA Genotype and Use
@ASCPT tnalfamickly | of Carbamazepine and Oxcarbazepine: 2017

& Therapeutics Uisalzi
Cl i n ica I P h a rm a CO I Ogy Elizabeth J. Phillips S @ honlaphat Sukasem?>>, Michelle Whirl-Carrillo®, Daniel i VL uller>°,
Henry M. Dllllllcllbcrgcr~, Wasun (:hantratitas‘y, Barry (;oldspicl“’, \'uan—Tsong Chen' 1‘12,

I Bruce C. Carle '3, Alfred L. George Jr.'*, Taisei Mushiroda'>, Teri Klein®,
& Thera peutlcs ruce arleton g re Lor;_,c-_]r aisei Mushiroda eri ein

.- 17 . 18
Roscann S. Gammal and Munir Pirmohamed




The SCAR Determinant and Contributing Factors

1. Human Leukocyte Antigen (HLA gene)

* HLA-B*15:02 and Carbamazepine 4 )
2. Cytochrome P450 (CYP450 polymorphisms) Drug mEta,‘bdlsm

 CYP2C9, CYP2C19 and Phenytoin ‘\ Function 1 I)
3. Drug-Drug interaction (DDI) ‘A Poor metabolism * PM —r—

* Lamotrigine and Valploic Acid (UGT2B7 inhibitor) | ¢y vsaws | 7y

e Lamotrigine and Ginseng (UGT inhibitor) B. Intermediate metabolism: M~ | .

* Phenytoin and Omeprazole (CYP2C19 inhibitor) CYP2C19'120r 113 §§<

C. Normal metabolism: NM I
CYP2C19"1/M
D. Ultrarapid metabolism: UM (-

RN R A RE R R R R R RIA

- OYPCHMT M (11T A




Influence of drug metabolism pathway

on Phenytoin (PHT)-induced SCAR

Phenytoin
S¥§1i§23352 . * CYP2C9*3 : PHT-SCARSs, PHT-SIS/TEN
CYP2C19,CYP2E1 ———
CYP2C19 HPPH —> PAO CYP2C8, CYP3A4 . . . .
EPHX1 l — Amino acid 359 Isoleucine =2 Leucine
CYP2C19,CYP3A4
Hydroxyphenytoin ___ BPC - Vmax \l/ 42.0'70-0%
! Noo1 | | : :
veTiAGUGTIAT | — 90% reduction of PHT metabolism
UGT]AQ’ UGT[A4 enytoin quinone .
| and increase PHT level

J’ PMC
Hydroxyphenytoin-

O-glucuronide

1 « CYP2C19*3 : PHT-DRESS/DHS

Excreted into urine

oz0f A e o018 — Premature stop codon

I 1
79

= - V. .V 31%
T = — K. 27%

- — Serum PHT concentrationf

Blood conc./dose (ug/ml/mg)

o ° e e
(=] (=] = -
e 9 9 9

.11 ~q/*3 Drug Metabolism and Pharmacokinetics, 2013. 28(1): p. 28-37.,
CYP2C9%*3 genotype Pharmacogenomics. 2012;13(12):1339-49., Thai J Pharmacol. 2011;33(1):58-64.



Original Investigation

Genetic Variants Associated With Phenytoin-Related

Severe Cutaneous Adverse Reactions [ Cases-Controls GWAS ]
Chung WH, et al. JAMA. 2014

Cases of Phenytoin-Related Cutaneous Adverse Reactions (n = 168)
Severe Cutaneous Adverse Reactions (n = 90)

5J5-TEN Phenytoin-
515 Overlapping TEN DRESS Total MPE Tolerant Controls
(n = 39) (n=3) (n=86) (n=42) (n =90) (n=78) (n = 130)
] CYP2C9*3
CYP2C9*3-SCARs ; OR=12 1 @)
95% Cl, 6.6-20; P=1.1 x 107 "1 90% reduction of PHT metabolism

. . 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 17 19 21
Stevens Johnson Syndrome Toxic epidermal necrolysis Drug r(?actlﬁr:.wnh Chromosome 16 18 20 2
eosinophilia
(83S) (TEN) P

and systemic symptoms

|
Ch o (DO KD
(DRESS) romosome

q23.33




High plasma phenytoin concentrations in SJS-TEN

SJS-TEN 0207 A P = 0.018
(before phenytoin withdrawal, P=0.02) phenvtuin-tolerant controls ? | — |
' Uyg/ml 11 g/l T 0.5 "
- *10
| E .
12
§ 0.10 -+
s 1
g —
S 0.05°
SISTEN S
5 day after phenytoin withdrawal, P=0.0004 phenytoin-tolerant controls 3? 208 .
£ 2ugit 25 g/l oy Sy
R CYP2(C9*3 genotype

Chung WH, et al. JAMA. 2014
Yampayon, et al. Thai J Pharmacol. 2011;33(1):58-64.



Associations between HLA class | and cytochrome P450 2C9
oin-related severe

genetic polymorphisms and phen
cutaneous adverse reactions in a|Thai population

Wichittra Tassaneeyakul®, Napat Prabmeechai®, Chonlaphat Sukasem"9,
Thachanan Kongpan?, Parinya Konyoung!, Pansu Chumworathayi®,

(Pharmacogenet Genomics, 2016)

All SCAR

Variant allele ~ General population control OR [95% Cl) P-value P,-value OR [95% CI] P-value P.value
B*15:02 67 (16.75)" 0.73 [0.28-1.94] NS NS 0.66 [0.29-1.51] NS NS
B*38:02 20 (5.00)* 4.90 [2.00-12.04] 0.0016 0.0416 4.27 [1.93-9.43) 0.0008 0.0208
B*51:01 27 (6.75)" 3.02 [1.22-7.48 0.0224 NS 3.10 [1.45-6.64] 0.0053 NS
B*56:02 1(0.10)° 11267 (12.26-103347)  90x10™®  23x10™* 89,55 [10.28-779.68] 30x10™°®  78x107°
B*56:02/04 7(0.71)° 16.98 [4.4-57.14] 50x10~* 00130  12.71 [3.91-41.35) 30x10~* 0.0078
B*58:01 63 (15.75)" 1,61 [0.73-3.54] NS NS 1.20 [0.59-2.44] NS NS
C*14:02 18 (4.50)" 4,64 [1.81-11.94] 0.0037 NS 4.24 [1,86-9.71] 0.0014 0.0210

[ CYP2C9'3 5 (6.60)° 5.04 [1.56-16.24] 0.0105 0.0210 3.36 [1.09-10.39)] 0.0488 NS ]

The higher risk of phenytoin-SJS/TEN (SCAR) was
observed in the patients with CYP2C9*3



Case study:

Female, 69 years (Seizure)

PHY SR 100 mg 3 cap., HS.

51.8 ug/ml

ADR-A:PHY-induced hepatotoxicity
and encephalopathy
ADR-BPHY-induced DRESS (28 days)

CYP2C9*3 : PHT-SCARs, PHT-SJS/TEN

INGBWUSANaASIa:NISSNUIAWR:UANE

Unknown A

WAN13AT29: HLA-B Gene : HLA-B*15:01/35:03

CYP450 Gene : CYP2C9 *3/*3

WWATR: 18 AaAuN 2560

NMSUUAHAMANTIWUSAERT:
. o W . é} . . r
Linsenudaus¥donsunen Phenytoin magudeyaluiagiu

CYP2C9 §isasanastisuaatsetn (Poor Metabolizer, PM)



Pediatric Allergy
and Imrmunolodgy

Epilepsia

Phenobarbital-induced severe cutaneous adverse drug
reactions are associated with CYP2C19*2 in Thai children.

Manuyakorn W, et al. Pediatr Allergy Immunol. 2013

CYP2C19*2-SCARs ; OR = 4.5
95% Cl (1.17-17.37) p < 0.03

Association of HLA genotypes with phenobarbital
hypersensitivity in children.

Manuyakorn W, et al. Epilepsia. 2016

HLA-A*01:01-SCARs; OR=11.66
95% Cl (1.21-578.19) p = 0.01

HLA-B*13:01-SCARs; OR=4.60
95% Cl (1.29-17.98) p = 0.009

What we already known of PGx-PHB?

1. Drug metabolism genes associated with PHB-SCARs

CYP2C19*2>>PHB-SCARs

2. HLA-A*01:01, HLA-B*13:01>>> PHB-SCARs




The SCAR Determinant and Contributing Factors

1. Human Leukocyte Antigen (HLA gene)
* HLA-B*15:02 and Carbamazepine

2. Cytochrome P450 (CYP450 polymorphisms)

NN Y

Risk of toxicity

 CYP2C19 and Phenobarbital

NN (L co-med |

e CYP2(C9, CYP2C19 and Phenytoin ~

Plasma Drug Concentration

3. Drug-Drug interaction (DDI)

* Lamotrigine and Valploic Acid (UGT2B7 inhibitor) ™

ANANANANA
'\I\N\ Risk of tratment failure

NEEEEEE SRS SRR NN N

* Lamotrigine and Ginseng (UGT inhibitor)
* Phenytoin and Omeprazole (CYP2C19 inhibitor)

Time



Eur J Clin Pharmacol (2017) 73:855-865 @ SO
DOI 10.1007/s00228-017-2250-2 o

PHARMACOGENETICS Drug-Drug interaction: SCAR

Influence of genetic and non-genetic factors on phenytoin-induced
severe cutaneous adverse drug reactions

Kittika Yampayon ' - Chonlaphat Sukasem 23 . Chanin Limwongse* - Yotin Chinvarun® -
Therdpong Tempark® - Ticha Rerkpattanapipat’ - Pornpimol Kijsanayotin'

Non-genetic factors  Number of patients (%) SIS cases vs PHT-tolerant DRESS/DHS cases vs PHT-tolerant
controls controls
SIScases  DRESS/DHS ~ PHT-tolerant  p* OR  (95%CI) I OR  (95%CI)
cases controls

(n=15) (n=21) (n=100)

Concentration (g mi~")

Fo-modicatiunb ]
Omeprazole 4 (26.7) 9 (429 12 (120) 02206 267 (0.73-972)  00022%* 550  (1.92-15.78)
Chineseancestry 8 (53.3) 4 (190) 25 (250) 0.0330* 343 (1.13-1041) 0.7794 071 (0.22-2.30)
Y0us 6 2 32 w8 % 72
Effect of omeprazole (CYP2C19 * J{/ PHT clearance Time (h)
inhibitor) on oral phenytoin e P Serum PHT level m}ingsljlgﬁ_‘:bg“(ﬂ‘;igfg;fp’:g}g‘;jﬁ‘;‘&g%
pharmacokinetics: * 1 AUC of PHT Menn £ s.¢. mean.




Drug-Drug interaction: SCAR

RX GLAXOSMITHKLINE
p 5
25 mg 100 mg

Lamictal®
(lamotrigine)

Valproate (VPA) inhibition of Lamotrigine and
the Risk of Rash and Steven-Johnson Syndrome

https://www.ebmconsult.com/articles/valproate-valproic-acid-lamotrigine-interaction-rash



Influence of drug-drug interaction

on Lamotrigine (LTG)-induced rash

Predictors of Lamotrigine-associated Rash

*Lawrence J. Hirsch, *David B. Weintraub, fRichard Buchsbaum, *Hilary T. Spencer,
*Tara Straka, *Melissa Hager, and *Stanley R. Resor Jr.

RX GLAXOSMITHKLINE

25 mg 100 mg

3 '
.\‘
150 mg 200 mg

Lamictal®
TABLE 1. Factors influencing lamotrigine-associated rash MR
Rate of LTG Rate of LTG
N rash in patients rash in patients

Predictor (with predictor) with predictor w/out predictor P
Drop/Astatic seizures 14 21.4% 5.4% 0.02
Other AED rash” 115 13.9% 4.6% = 0.001
Younger than 13 yr¢ 215 10.7% 4.3% = 0.001
Static encephalopathy 92 9.8% 5.2% 0.078
Non-AED allerov 116 0.5% S5.2% 0,063
VPA co-med 422 8.5% 3.5% =0.001
Female 260 O.5%e 4. 2% (DN B}
Weight 876 Continuous Variable 0.058

4Significant predictors in multivariate analysis.

(Epilepsia, 2006. 47(2): p. 318-22.)

Co-medication with VPA was a predictor of LTG-induced rash (OR = 2.55; p =0.001)

Valproate (VPA) inhibition of Lamotrigine (LMG) metabolism
and the risk of rash




UDPGT (main route)

LTG » LTG-glucuronide
CYP450
(minor)
v
. GSH
LTG-arene F’dee » Nontoxic metabolites
intermediate
EPHX?

Dihydrodiol formation?

FiGUure 1: Metabolism pathways of lamotrigine. UDPGT: uridine
diphosphate glucuronosyltransferase; EPHX: epoxide hydrolase;
GSH: glutathione.

Lamotrigine t

UGT1A4 X

UGT2B7 «—— Valproic Acid

-

2-N-glucuronide Conjugate
(major inactive metabolite)

Renal Elimination '

The 2-3 fold increase in lamotrigine

inhibition of UGT2B7
(a glucuronidation pathway for lamotrigine inactivation and elimination)

evels results from valproate's

Marta V' azquez, et al. Lamotrigine-Valproic Acid Interaction Leading to Stevens—Johnson Syndrome, 2018




Influence of herb-drug interaction

on LTG-induced rash

Drug Reaction with Eosinophilia and Systemic Symptoms
Syndrome Probably Induced by a Lamotrigine—-Ginseng
Drug Interaction

Amy P. M}-‘EIF,,]‘* Troy A. Watson,” and Steven B. Strock’
'Dcparurmm ol Pharmaceutical Services, Vanderbilt University Medical Center, Nashville, Tennessee; ‘!Uniutr_-;il;,-

ol Tennessee College of Pharmacy, Memphis, Tennessee; “Department of Medicine, Vanderbilt University

Medical Center, Nashville, Tennessee . o .
§ A [ UGT inhibitor ]

This case report, to our knowledge, is the first

descrintion of a possible interaction between
ginseng and lamotrigine. An in vitro study found
that the specific UGT enzymes responsible for 120 H
the glucuronidation of lamotrigine were

UGT2B7 and UGT1A4.'® The authors described ;—;____\_
inhibition of UGT2B7 by wvalproic acid as the
cause of increased concentrations of lamotrigine
when the two drugs are coadministered. Another
study compared purified dry extract of ginseng
to well-documented UGT inhibitors and demon-
strated a significant inhibition of UGT1A1l and a
weak inhibition of both UGT1A9 and UGT2B7
by ginseng.'” Thus it is likely that ginseng can
exhibit this same mechanism of interaction. We o . . . .
postulate that the inhibition of UGT2B7 by gin- 0.1 1 10 100
seng predisposed our patient to a drug hypersen-

siti\%itlzf reaclsion. v 5P BST204 (ug/mL)

Myers et al. Pharmacotherapy. 2015;35(3):e9-e12. Zheng et al. Food and chemical toxicology. 2014,;68:117-27.

o

uGT2B7

'

4
A

/

% of control activity
o)
o]




W . . (Sukasem C et al., Springer Nature, 2018)
PPM Updated PGx markers (HLA) in Thai, 2018 SPRINGER NATURE

T orgs | Poxbiomarkers

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

Sukasem C, et al. J Immunol Res. 2018;
Phillips EJ, Clin Pharmacol Ther. 2018

Lamotrigine HLA-A*02:07, HLA-A*33:03, HLA-B*15:02, Co-med (Depakine),
Koomdee N, et al. Front Pharmacol. 2017 HLA-B*44:03 Herb (Ginseng)
Phenytoin HLA-B*15:02, HLA-B*15:13 CYP2C9, CYP2(C19,
Yampayon K, et al. Eur J Clin Pharmacol. 2017, HLA-B*56;02/O4 Co-med (Qmeprazo|e)

Tassaneeyakul W, Pharmacogenet Genomics. 2016;
Su SC, et al. Clin Pharmacol Ther. 2019

Ox-carbazepine HLA-B*15:02

Chen CB, et al. Neurology. 2017;
Phillips EJ, Clin Pharmacol Ther. 2018

Allopurinol HLA-B*58:01 High dose (>200 mg), Renal
Sukasem C, et al. Front Pharmacol. 2017 impairment, Elderly
Dapsone HLA-B*13:01

Tempark T, et al. Pharmacogenet Genomics. 2017

Phenobarbital HLA-B*13:01 CYP2C19

Sukasem, et al. Eur J Clin Pharmacol. 2019 (submitted)

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

Sukasem, et al. Clin Pharmacol Ther. 2019 (submitted) HLA-B*13:01

DPP-4 HLA-DQB1*03:01

Sukasem, et al. Clin Pharmacol Ther. 2019 (submitted)


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjFnvyt0arjAhVEuI8KHYqxBIwQjRx6BAgBEAU&url=http://www.nature.com/webcasts/sponsor/springer-nature/&psig=AOvVaw2UIin9AgtwOOaHOITJQ2N2&ust=1562857836873810
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjFnvyt0arjAhVEuI8KHYqxBIwQjRx6BAgBEAU&url=http://www.nature.com/webcasts/sponsor/springer-nature/&psig=AOvVaw2UIin9AgtwOOaHOITJQ2N2&ust=1562857836873810

HLA-B screening and prevention of (SCARs)

1e00 1496

1400

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

1200

1000

800

600

400

200

3500
3000
2500
2000 Name: Patient 2
Pharmacogenetics test: HLA-B genotyping
1500 Pharmacogenetics result: HLA-B*15:11/15:21
1000 Pharmacogenetics interpretation: High risk for
Carbamazepine/Ox-carbazepine-induced SIS/TEN
500
0

2011 2012 2013 2014 2015 2016 2017 2018




Physician Awareness!!!

INABWUSANaAsSIa:NISSNIAWp:UARA

Name: Patient 2

Pharmacogenetics test: HLA-B genotyping

Pharmacogenetics result: 15:02/2701

Pharmacogenetics interpretation: High risk for
Carbamazepine/Ox-carbazepine-induced SJS/TEN

Toxic epidermal necrolysis
(TEN)

HLA-B*15:02 screening with positive (IPD)
>> Discharged with PHY and follow up 1

Clinical implementation:
* EHR: Lock to order the risk drug

 PGx card and personalized report
* PGx counseling

~

Sukasem et al. Annu Rev Genomics Hum Genet. 2018

o

PATIENT DEPARTMENT
(CLINICIAN)

-

@nth >> +CBZ was prescribed (OPD) >>TEy

OUT PATIENT DEPARTMENT

Out patient

/N

Clinician <= Pharmacist

D

PHARMACOGENOMICS
CLINIC

Post-counseling

\ g

PHARMACOGENOMICS
LABORATORY

Pre-counseling <
<€

WARDS

In patient

/N

Clinician <= Pharmacist

PR

Bedside counseling

v

Genotyping core lab

(Genetics testing)

!

Data processing

(Bioinformatics and data base)

!

Phenotyping core lab

(Therapeutic drug monitoring
and enzyme activity)

Personalized report
and
Pharmacogenomics
card




2. N13uwen (drug allergy)

Nl s lsrandndvduunng 38

Wueinisitlinauszasddunilandneglungu idiosyncratic ADR MAnv1nnaln immune-mediated

hypersensitivity reaction #ildi@unsannnisailadnaziinnudle

ladunusTuruUIRe;

ASDOVBNNLNAUINGT

18387 WULFAIMARNLLAEIIUTIWABITULIIUU Stevens-Johnson syndrome MinkAnlutag 1-2 &Uan9iisn
= = w W e L - | L %) W e
DY 3 LABULINNAI LA TUENFILHLBLAAT UL INBINEALVIUN

a )

Dose related with ALL-SCARs

Higher doses of allopurinol associated
with higher risk

= Allopurinol >200 mg/Day

(OR=36 for SIS/TEN)

- /

Allopuring] is the most comumon cause of
Stevens-Johnson syndrome and oxic cpidermal
necrolysis in Europe and Isracl

S Halicwy, MDY Peorre T bpsr Gheslss, 10" Slgs es bnbosmpe, MID, PRI e Pl
Tapsd . Fhiavnds @ e Sowpn B Beviie b WD Fls sk s saborodl, 5800 Gimgs "eable MDY Liwds

Durrt, 8%, "5 4 ool Vitsmadl PhiE Y s Brwn @ Lisde Bossjeam, S0~ jow e BasSd AN Sasly Gromp
Kewe ermpn s d b Marrs, aved bifoiwi] Provm e dreinaig Gariaes. dedaen Py Lot
s i b M T il B s A

Allopurinol: most frequent cause of 515 or TEN — !
= Adpusted odds ratlo =18 (95% Cl: 11-32)

Higher doses associated with higher risk.
=200 mgfday; adjusted OR = 36 (95% Cl: 17-76)
<200 mg/day ; adjusted OR = 3 [95% C1: 1.1-8.4) ==2
Co-medications: not increase the rsk

1 i Gead Dermachol 2008 58:35-13.

Clinical implementation:

« Dose-related ADR-B

= Recommendation for starting with
100 mg=>>>low risk for SCARs

Arthritis Lare & Besmnch

Vol &4, No. 10, October 2002, pp 1431=14406
D0 T2 face 21772

£ 2012, Americam Collegs of Bheumaiology

2012 American College of Rheumatology
Guidelines for Management of Gout, Part 1:

Systematic Nonpharmacologic and Pharmacologic
Therapeutic Approaches to Hyperuricemia

Renal Drug Clearance

Kidneys Renal

Filtration

Urinary
Elimination

Pharmacogenet Genomics.
2017 Jul;27(7):255-263.

= Starting dosage with 100 mg/day

« HLA-B*3801 screening should be
considered before allopurinol treatment

* Subpopulation: Stage 3 or worse CKD and
Han Chinese and Thai descent

4 . )
Allergist:

Graded challenge

% desensitization )




Features of Type B ADRs may be reconsidered?

B: Non-dose-related Bizarre ® Uncommon ® Immunological reactions:
® Not related to a Penicillin hypersensitivity
Type B ADRs pharmacological action of the drug @ Idiosyncratic reactions:
® Unpredictable Acute porphyria
® High mortality Malignant hyperthermia

Pseudoallergy (eg, ampicillin rash)

* Unpredictable mm) Ppredictable (HLA, CYP, DDI)
* Dose independent ) Dose related (High dose of allopurinol)
* Ildiosyncratic mmmm) Explainable (Genetics, DDI and CYP metabolism)

|

. ? 3 go) "o v
" . " Vi £ e Y o
o . ) 3 # ’ Wa 9 ve
R < o - : .

maculopapular eruption  gteyens Johnson Syndrome Toxic epidermal necrolysis Drug reaction with Acute generalized
(MPE) (s35) (TEN) eosinophilia exanthematous pustulosis

and systemic symptoms (AGEP)

Type IV: Delayed Hypersensitivity Reactions (DRESS)

SJS-TEN


http://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=&url=http://www.huidziekten.nl/zakboek/dermatosen/atxt/AGEP.htm&ei=0zlMVf3ZEYzGuATJlYHgCQ&bvm=bv.92765956,d.c2E&psig=AFQjCNGmb4y6syPP6mEE2vTjeN_Nn0Pedw&ust=1431145299722185
http://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=&url=http://www.huidziekten.nl/zakboek/dermatosen/atxt/AGEP.htm&ei=0zlMVf3ZEYzGuATJlYHgCQ&bvm=bv.92765956,d.c2E&psig=AFQjCNGmb4y6syPP6mEE2vTjeN_Nn0Pedw&ust=1431145299722185

Key message
 HLA-B*15:02 for Carbamazepine and Oxcarbazepine

— gUad. auntautinsdsetngu 13 vwan
— screening for naive lugilhenilangldemnse
— ﬁma‘zmmmﬂuéﬂqaﬁé‘l’ﬂ%ﬂﬂia&Lﬁu 3 \Aau

* Aromatic AED : uweuae dlaniaunnanan lunaniaeans g

e HLA-B*15:02: Arsuaniazenisld CBZ uaz OXC

HoN._ _N. _NH, ;
s a4
N X / .L /k O O

CI/\‘) (‘- Kv HNerH

Carbamazepine = Oxcarbazepine > Lamotrigine =  Phenytoin > Phenobarbital

NH2 H2

HLA-B*1501] HLA-B* 1502 CBZ

\rgﬁ!-‘_\*
ot




Integrated Precision Medicine to prevent the
AED-induced SCAR

- . > 8, W2 e
Aok vel WL et
R A

e

[ Patients’ Genomics ] [ DDl and Dose ]
Prevention of SCAR

Human Leukocyte Antigen (HLA gene) Drug-Drug interaction (DDI)
HLA-B*15:02 and Carbamazepine Lamotrigine and Valploic Acid
Lamotrigine and Ginseng
Phenytoin and Omeprazole

Cytochrome P450 (CYP gene)
CYP2(C9, CYP2C19 and Phenytoin



Genomic-Driven Healthcare in Thailand

One-size-fit-all Stratified Medicine Precision Medicine
Medicine

Patignts are grouped by: Individual patient level: L
» Disease Subtypes = Genomics and Omics

» Risk Profiles A o = « Lifestyle

« Demographics U W\ « Preferences

= Socio-economic || = Health History

» Clinical Features » Medical Records

= o
: ® 25y

» Biomarker - = Compliance \,,,é &9
= Molecular sub-populations ﬂ - Exogenous Factors - A il

Companion Diagnostic (CDx)

™ GENOMICS

I} Biomarker
Thera Precision medicine ensures delivery Therapy
ot (Rx + Dx = CDx)
(Mainly Rx) Q of the rightintervention to the right
patientat the righttime.
@
S AR

LS 4

Adverse No Benefit Each Patient Benefits From Individualized

Event Benefit Treatment

THE FUTURE STARTS NOW
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