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ScopeScope

•Use of pharmacogenetics for prevention of 

adverse drug reactions

•Current status of pharmacogenetics  in USA 

and Thailand
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If it were not for the great 
variability among individuals,
medicine might as well be a 

science and not an art”

Sir William OslerSir William Osler,, 18921892
Father of Modern MedicineFather of Modern Medicine

By nature, men are nearly 
alike, by practice, they get 

to be wide apart

Confucius, Analects
Chinese Philosopher

479 BC-551 BC

Individual differences in drug 
response and drug toxicity



Pharmacogenetics/PharmacogenomicsPharmacogenetics/Pharmacogenomics

The study of genetic variations underlying 

differential individual responses to drugs

• Genes encoding for drug metabolizing 

enzymes : Cytochromes P450, TPMT etc

• Genes encoding for drug transporters

• Genes encoding for drug targets



� Changes in the DNA 
sequence that occur >1% 
of population such as 

� Nucleotide mutation
� Nucleotide deletion

� Nucleotide insertion

� Gene deletion

� Gene duplication

Genetic polymorphismGenetic polymorphism

Variation in gene sequences 
may result in variation of 

encoded proteins



Adverse drug reactions
Any response to a drug which is noxious and unintended, and 

which occurs at doses normally used in man for prophylaxis, 

diagnosis, or therapy of diseases, or for the modification of 
physiological functions (WHO)

Incidence of ADR  in Thailand = 6-22% of patient admitted in the hospital

Type A = 70-80%     Type B = 20-30% 
(http://www.thaifda.com/ed2547/lib/doc/chapter6/chapter6.asp)

Type AType A
•Related to pharmacological action 

of the drug

• Dose-dependent & predictable

• Anti-histamines: Sedation

• DM drugs: Hypoglyceamia

• Anticoagulant: Bleeding

Type BType B

• Idiosyncratic

• Dose-independent 

• Unpredictable

• May be related to genetic factor

•Drug hypersensitivity



Adverse drug reactionAdverse drug reaction

Unfortunately there are no therapeutic roses 
without their thorns

Sir Derrick Dulops 1979

GMO Roses without 
thorns



Type A Adverse Drug Reaction Type A Adverse Drug Reaction 

• Related to a pharmacological  action of the drug

• Predictable

• Dose-related



CodeineCodeine

Codeine : Cough suppressant and opioid analgesic

Common ADR: Respiratory Depression 

O-demethylation

CYP2D6

Codeine
Morphine



Common CYP2D6 allelesCommon CYP2D6 alleles



Respiratory suppressionRespiratory suppression

(Too much amount of  morphine )(Too much amount of  morphine )

Enzyme

Enzyme

EnzymeCodeine Morphine

Morphine

Morphine

Enzyme Morphine

Ultrarapid  Metabolizer: High CYP2D6 activityUltrarapid  Metabolizer: High CYP2D6 activity

Enzyme

Enzyme

EnzymeCodeine Morphine

Poor Metabolizer: Low CYP2D6 activityPoor Metabolizer: Low CYP2D6 activity

No analgesic effect No analgesic effect 

(Too small amount of morphine)(Too small amount of morphine)

Extensive Metabolizer: Normal CYP2D6 Extensive Metabolizer: Normal CYP2D6 

activityactivity

Morphine
Enzyme

Codeine

Morphine

Response well to codeine Response well to codeine 

(Right amount of morphine)(Right amount of morphine)

Enzyme



LifeLife--threatening complication after threatening complication after 
cough suppression therapy with codeinecough suppression therapy with codeine

• 62 yr man with pneumonia treated with codeine (25 mg tid) for cough

• 4 days after drug administration , the pt’s consciousness rapidly 

deteriorated, and he became unresponsive. 

• At the time of the pt’s coma,

• plasma morphine was 80 µg/L (normal 1-4 µg/L)

• morphine-3-glucuronide was 580 µg/L (normal 8-70 µg/L)

• morphine-6-glucuronide was 136 µg/L (normal 1-13 µg/L )

• CYP2D6 genotyping : ultra rapid metabolizerCYP2D6 genotyping : ultra rapid metabolizer

NEJM2004;351:2827-31



•A women had been prescribed a combination of codeine 30 mg and 
paracetamol 500 mg (2 tab bid for 2 wk) after giving birth for episiotomy pain.
• She was breastfeeding the infant and on day 7 after birth, her infant showed 
intermittent periods of difficulty in breast feeding and lethargy.
• On day 12, he had grey skin and his milk intake had fallen and found dead on 
day 13
• Postmortem analysis showed no anatomical anomalies. Blood concentration of
morphine in the neonate was 70 ng/mL (generally should be about 0–2 ng/mL)

•Because of poor neonatal feeding, she stored milk on day 10, which was later assayed and 

found morphine concentration of morphine concentration of 8787 ngng//mL mL ((typical range of codeine  typical range of codeine  

concentration  concentration  in milk in milk is is 22––2020 ngng//mL at doses of mL at doses of 6060 mg every mg every 66 hh))

•Mother’s CYP2D6 genotype : CYP2D6*2 x 2 (Ultra rapid metaboizer)



WARNINGS AND PRECAUTIONS 

UM of Codeine 

Even at labeled dosage regimens, 
individuals who are UM may 
experience overdose symptoms such 
as extreme sleepiness, confusion, or 
shallow breathing 

Even at labeled dosage regimens, 
individuals who are UM may 
experience overdose symptoms such 
as extreme sleepiness, confusion, or 
shallow breathing 

Label approve on July 2009 Label approve on July 2009 

USE IN SPECIFIC POPULATIONS 

Nursing Mothers 
Codeine is secreted into human milk
Some women are UM of codeine. These women 
achieve higher-than-expected serum levels of 
codeine’s active metabolite, morphine, leading to 
higher-than-expected levels of morphine in breast 
milk and potentially dangerously high serum 
morphine levels in their breastfed infants.
Maternal use of codeine can potentially lead to 
serious adverse reactions, including death, in 
nursing infants. 



CYP2C9

CYP1A1
CYP1A2
CYP3A4

Oxidized Vitamin K Reduced Vitamin K

O2

Hypofunctional
F. II, VII, IX, X

Protein C, S, Z

Functional 
F. II, VII, IX, X

Proteins C, S, Z

γ-glutamyl 

carboxylase

Vitamin K 
Reductase

CO2

Warfarin

Calumenin

• Anticoagulant used to prevent  
thrombotic events

• Metabolized by mainly by 

CYP2C9 

Narrow therapeutic window

Warfarin

Mechanism of action:

Inhibit the C1 subunit of the vitamin K 
epoxide reductase (VKORC1) 
complex, thereby reducing the 
regeneration of reduced vitamin K 
which necessary for clotting factors

Major ADR : Bleeding in Major ADR : Bleeding in 

internal organsinternal organs



CYP2C9*3 
A1075C (IIe359Leu)
Decrease activity

CYP2C9*2 
C430T (Arg144Cys)
Decrease activity

1 3 7 8 94 5 62

95.5 %

CYP2C9 polymorphism in a Thai populationCYP2C9 polymorphism in a Thai population

1.1 %3.4 % Clearance of warfarin in 
patients with CYP2C9*2 or 
CYP2C9*3 are slower than 
homozygous CYP2C9*1 
patients

Most common variantsMost common variants



VKORC1 polymorphism

A Haplotype : �1639A, 1173T

B Haplotype : �1639G, 1173C

VKORC1 polymorphism in a Thai population

VKORC1: reduce vitamin K 2,3-epoxide to reduced 

vitamin K which required for blood coagulation 



Lower  dose
VariantHigher  doseWild-

typeCYP2C9CYP2C9

Higher doseB
Lower doseAVKORC1VKORC1



•• 30%30% of the variance in warfarin dose of the variance in warfarin dose could be attributed could be attributed 

to variations in the to variations in the VKORC1VKORC1 gene alonegene alone

•• 40% of the variance in warfarin dose 40% of the variance in warfarin dose could be could be 

attributed to variations inattributed to variations in VKORC1VKORC1 and and CYP2C9CYP2C9 genes genes 

combinedcombined

•• 55% of the variability in warfarin dose 55% of the variability in warfarin dose could be could be 

explained by the combination of explained by the combination of VKORC1 and CYP2C9 VKORC1 and CYP2C9 

genotypes, age, height, body weight, interacting drugs, genotypes, age, height, body weight, interacting drugs, 

and indication for warfarin therapy and indication for warfarin therapy 



Label approved on Jan 2010Label approved on Jan 2010



-1639

•The maintenance dose needed to achieve a target PT/INR is influenced by: 

• Clinical factors including age, race, body weight, sex, concomitant 
medications, and comorbidities and 
• Genetic factors (CYP2C9 and VKORC1 genotypes)

•The patient’s CYP2C9 and VKORC1 genotype information, when available, 

can assist in selection of the starting dose 

Initial Dosage Initial Dosage Label approved on Jan 2010Label approved on Jan 2010

If the patient’s CYP2C9 and VKORC1 genotypes are not known, the initial dose of

COUMADIN is usually 2 to 5 mg per day 



�� Azathioprine : immunosuppresantAzathioprine : immunosuppresant

�� 66--Mercaptopurine: anticancerMercaptopurine: anticancer

�� 66--Thioguanine: anticancerThioguanine: anticancer

Thiopurine drugsThiopurine drugs

Weinshilboum and Sladex, Am J Hum Gen , 32:651-62, 1980

For Thai :10%  for IM 

0.5% for PM
(Tassaneeyakul et al., Br J Clin Pharmacol 2004; 

58:66-70)

Mainly metabolized by thiopurine S-methyltransfearse (TPMT)

InterInter--individual difference in TPMT  activity individual difference in TPMT  activity 



TPMT*1
wild type 

Active enzyme

TPMT*2
Inactive enzyme

TPMT*3A
Inactive enzyme

TPMT*3B
Inactive enzyme

TPMT*3C
Inactive enzyme

G238C
(Ala 80Pro)

G460A
(Ala154Thr)

A719G
(Tyr 240 Cys)

G460A
(Ala154Thr)

A719G
(Tyr 240 Cys)

Common TPMT allelesCommon TPMT alleles



� Due to the absence of XO in 

hematopoietic cells, TPMT is the only 

detoxifying enzyme of 6-MP in the 

hematopoietic cells 

� Patients with TPMT deficiency are at a 

higher risk of hematopoietic toxicity

Thioguanine 
nucleotides

(TGN)

Thioguanine 
nucleotides

(TGN)

Inhibit DNA & 
RNA synthesis

HGPRTHGPRT

6-Mercaptopurine

AzathioprineAzathioprine

TPMTTPMT

6-Methylmercaptopurine

6-Thiouric acid
XOXO



Cumulative incidence of  hematotoxicity 
during 6-MP therapy



Risk of AZARisk of AZA--induced hematoxicity induced hematoxicity 

in kidney transplant patientsin kidney transplant patients

Risk of hematotoxicity in kidney transplant pts with 
heterozygous of TPMT*3C was 14 fold higher than the wild-

type patients

TPMT 

genotype
Total 

number of 
subject

Non-
hematotoxicity

(N)

Hematotoxicity

(N)

Crude OR
(95% CI)

Adjusted OR
(95% CI)

*1/*1 130 114 (87.69%) 16 (12.31%) 1.0 1.0

*1/*3C 9 3 (33.33%) 6 (66.67%) 14.2514.25

(3.24(3.24--62.69)62.69)
14.1814.18

(3.07(3.07--65.40)65.40)

Vannaprasaht S,  et al. Clin Ther. 2009;31:1524-33



Labeling of mercaptopurine (July 2004)Labeling of mercaptopurine (July 2004)



Recent labeling of azathioprine (July 2008)Recent labeling of azathioprine (July 2008)







Type B Adverse Drug ReactionsType B Adverse Drug Reactions

•Not related to a pharmacological action of the drug

•Not related to the dose

• Unpredictable

• High mortality

Drug HypersensitivityDrug Hypersensitivity

Cutaneous adverse drug reactions



Types of cutaneous adverse drug reactionsTypes of cutaneous adverse drug reactions

Stevens Johnson 

syndrome (SJS) 

Hypersensitivity 

Syndrome (HSS)

Toxic epidermal 

necrolysis  (TEN)

MPE uticaria EM



Drug 2526-2548 2549 Total

AllopurinolAllopurinol
SJS 298 93 391

TEN 14 14

CarmamazepineCarmamazepine
SJS 459 100 559

TEN 37 37

PhenytoinPhenytoin
SJS 250 56 306

TEN 12 12

SulfamethoxazoleSulfamethoxazole+ + TrimethoprimTrimethoprim
SJS 907 129 1036

TEN 71 71
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Who will develop severe cutaneous adverse 

drug reactions after taken these medicine?



CarbamazepineCarbamazepine

• Most common culprit drug for SJS/TEN in Asian countries

• Reports of CBZ-associated  SJS/TEN in Thailand and 

Malaysia are highest in the world (WHO-Uppsala 

Monitoring Center (WHO-UMC)

• Anticonvulsants
• Mood stabilization
• Neuropathic pain



Odds ratio = 2,504 (95%CI =126Odds ratio = 2,504 (95%CI =126--49,522)49,522)



CBZCBZ--induced SJS/TEN strongly linked with HLAinduced SJS/TEN strongly linked with HLA--B*1502B*1502 in Hanin Han Chinese but Chinese but 

do not link with other cutaneous reactionsdo not link with other cutaneous reactions



OR = 54.76 [95% CI 14.62–205.13, p = 2.89x10-12]

Sensitivity = 89.58 % , Specificity = 88.10 %



No association between HLA-B*1502 and SJS/TEN 

in Caucasian and Japanese populations

HLAHLA--B*1502: A marker for StevenB*1502: A marker for Steven--Johnson Johnson 
SyndromeSyndrome……..ethnicity matters???..ethnicity matters???





Recent  labeling of carbamazepine Recent  labeling of carbamazepine 

(Dec 2007, revised March 2011)(Dec 2007, revised March 2011)

Warning

Serious dermatologic reactions and HLA-B*1502 allele
Serious and sometimes fetal dermatologic reactions, including toxic epidermal 

necrolysis (TEN) and Stevens-Johnson Syndrome (SJS), have been reported during 

treatment with Tegretol.  These reactions are estimated to occur in 1 to 6 per 10,000 

new users in countries with mainly Caucasian populations, but the risk in some Asian 

countries is estimated to be about 10 times higher. Studies in patients of Chinese 

ancestry have found strong association between the risk of developing SJS/TEN and 

the presence of HLA-B*1502, an inherited allelic variant of the HLA-B gene. HLA-B*1502 

is found almost exclusively in patients with ancestry across broad area of Asia. 

Patients with Ancestry in genetically at risk populations should be screened for the 

presence of HLA-B*1502 prior to initiating treatment with Tegretol. Patients  testing  

postive for the allele should not be treated with Tegretol unless the benefit clearly 

outweighs the risk

WarningWarning

Serious dermatologic reactions and HLASerious dermatologic reactions and HLA--B*1502 alleleB*1502 allele
Serious and sometimes fetal dermatologic reactions, including toxic epidermal 

necrolysis (TEN) and Stevens-Johnson Syndrome (SJS), have been reported during 

treatment with Tegretol.  These reactions are estimated to occur in 1 to 6 per 10,000 These reactions are estimated to occur in 1 to 6 per 10,000 

new users in countries with mainly Caucasian populations, but thnew users in countries with mainly Caucasian populations, but the risk in some Asian e risk in some Asian 

countries is estimated to be about 10 times highercountries is estimated to be about 10 times higher. Studies in patients of Chinese Studies in patients of Chinese 

ancestry have found strong association between the risk of develancestry have found strong association between the risk of developing SJS/TEN and oping SJS/TEN and 

the presence of HLAthe presence of HLA--B*1502, an inherited allelic variant of the HLAB*1502, an inherited allelic variant of the HLA--B gene.B gene. HLAHLA--B*1502 B*1502 

is found almost exclusively in patients with ancestry across brois found almost exclusively in patients with ancestry across broad area of Asia. ad area of Asia. 

Patients with Ancestry in genetically at risk populations shouldPatients with Ancestry in genetically at risk populations should be screened for the be screened for the 

presence of HLApresence of HLA--B*1502 prior to initiating treatment with Tegretol. Patients  teB*1502 prior to initiating treatment with Tegretol. Patients  testing  sting  

postive for the allele should not be treated with Tegretol unlespostive for the allele should not be treated with Tegretol unless the benefit clearly s the benefit clearly 

outweighs the riskoutweighs the risk





Allopurinol Allopurinol 

Commonly use for treatment of          

hyperuricemia and gouty arthritis





Number of patient who carried HLA-B*5801

HLA-B*5801 SCAR group
(27 cases)

Control grop
(54 cases)

Positive 27 (100%) 7 (12.96%)

Negative 0 (0%) 47 (87.04%)

OR = 348.3 (95% CI 19-6337)



OR= 80 (95%CI 34-187)  European population

OR = 40 (95% CI 10-159)Japanese population

US-FDA is now considering for relabeling of allopurinol



Conclusions Conclusions 
Several ADRs can be avoided by 

pharmacogenetic tests 

Based on your HLA genotypes, you may

have SJS  from  Carbamazepine…..



USUS--FDA Labeling Regulations FDA Labeling Regulations 

If evidence is available to support the safety and 

effectiveness of the drug only in selected subgroup 

of the larger population with a disease, the labeling 

shall describe the evidence and identify specific 

tests needed for selection and monitoring of patients 

who need the drug

-21 CFR 201.57



Percentage of drug label with human genomic 
information (1945–2005) in USA

•Of 1200 drug labels, 121 labels  

(10%) contains pharmacogenomic 

information

•Of these labels, 57% referred to 

human genomic  biomarkers and   

43%  referred to microbial genomic 

biomarkers

Drug metabolizing enzymes



Strattera (atomoxetine) �
�GHIJ�KL�MJ�
���
OP ��Q�
� 

“ru�f��cg��
 PM ��� CYP2D6 icp���	��hb�����ni�t����	������� 

i���f�ru�cg��
 CYP2D6 EM”

Imuran (azathioprine)

Vfend® (voriconazole) “ �������t�v��
���������c�f� 
CYP2C19 ic�����e�
��
����f
����i�����h~ti��� voriconazole 
~tg���
n~i�e��
c�ic�f�ie���e�������

�����i…..”

Puri-Nethol® (6-mercaptopurine)

Purinetone (6-mercaptopurine)

Pharmacogenetic information of drugs 
marketing in Thailand 
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AmpliChip CYP450 test CYP2D6 & CYP2C19 Roche Diagnostic, Indianapolis,  IN, 

USA

Ivader UGT1A1 UGT1A*28 Third Wave Technologies, Inc

Verigene warfain 

metabolism nucleic 

acid test

VKORC1, CYPC9*2, 

CYPC9*3

Nanosphere, Inc

��b�b	���cgr�
����
������� US-FDA 	j�e�
��������h
h� 

(For in vitro diagnostic use)



Warfarin response testing VKORC1, CYPC9*2, CYPC9*3 DNAdirect, Inc., 

eSensor XT-8 warfarin 
sensitivity test    

CYP2C9*2, CYP2C9*3 & VKORC1 Osmetech Molecular Diagnostics, 

Warfarin DoseAdviseTM CYP2C9*2, CYP2C9*3, VKORC1 Kimball Genetics, Inc., 

CYP2C9/VKORC1 genotyping kit CYP2C9 & VKORC1 EntroGen, Tarzana, CA, USA

Tamoxifen response testing CYP2D6 DNAdirect, Inc., San Francisco, 
CA, USA

Verigene CYP2C19XP nucleic 
acid test 

10 CYP2C19 variant alleles Nanosphese, Inc., 

Irinotecan DoseAdviseTM genetic 
test

UGT1A1*28 Kimball Genetics, Inc., 

UGT1A1 genotyping kit UGT1A1*28 EntroGen, Tarzana, CA, USA

TheraGuide 5-FU DPYD &TYMS Myriad Genetics, Inc., 

DPYD genotyping kit-Fluorouracil 
toxicity

DPYD EntroGen, Tarzana, CA, USA

Prometheus TPMT genetics
Prometheus TPMT enzyme

TPMT Prometheus Laboratories, Inc

��b�b	���cg��	j�e�
���
fh�
�
(For investigational use)



Laboratories offer pharmacogenomic testsLaboratories offer pharmacogenomic tests

in Thailandin Thailand

TPMT genotype and TPMT activity

CYP2C19 and CYP2C9 genotypes 

Department of Pathology, Faculty of MedicineDepartment of Pathology, Faculty of Medicine Ramathibodi Hospital Ramathibodi Hospital : 

HLA-B*5701, HLA-B*3501, HLA-B*1502

Department of Pathology, Faculty of Medicine, Siriraj HospitalDepartment of Pathology, Faculty of Medicine, Siriraj Hospital :

HER2 expression

Payathai HospitalPayathai Hospital : CYP2D6, CYP2C9 and VKORC1 genotypes

VKORC1 haplotypes

HLA-B*1502 and HLA-B*5801

Department of Pharmacology, Faculty of Medicine, KKUDepartment of Pharmacology, Faculty of Medicine, KKU



After
XY

Need to be tested once in your life timeNeed to be tested once in your life time

Genotype can not be change unlike phenotype

Before
XY



1983: First commercial cell phone1983: First commercial cell phone

Motorola is first to ship a commercial cell 
phone, the DynaTAC, with a suggested retail 
price of $3,995
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