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Overview of presentation

» SIS/TEN prevention by pharmacogenetics test
* Precision Clinical Care for tuberculosis
e Genomics Thailand



Thailand at a glance

Indicators Thailand

Economic and fiscal space
GDP per capita (current USS) in 2016 5,910
GDP growth (annual %) in 2016 2.9
Revenue, excluding grants (% of GDP) 20.3
Tax revenue (% of GDP) 15.7
Demography
Population, total (millions) in 2016 68.8
Population growth (annual %) in 2016 0.3
Poverty headcount ratio, $1.90 a day 0
(2011 PPP) (% of population)

. Urban population (% of total) 52

Source: World Development Indicators database (data are from the

=_ % latest available year)
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Thailand at a glance (cont’)

Indicators Thailand
Health expenditure (2015)
Current health expenditure per capita (current USS) 217
Current health expenditure (% of GDP) 2.9
Domestic general government health expenditure (% of CHE) 77
Domestic general government health expenditure (% ofGGE) 16.6
External health expenditure (% of CHE) 0.3
Out-of-pocket expenditure (% of CHE) 11.8
Health status and service coverage (2016)
Life expectancy at birth, total (years) 75
Fertility rate, total (births per woman) 1.5
Mortality rate, under-5 (per 1,000 live births) 12
Births attended by skilled health staff (% of total) 100
Prevalence of HIV, total (% of population ages 15-49) 1.1
UHC service coverage index 2015 75
Health workforce (2015)
Health workforce per 1,000 populations 2.76
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Three public health insurance schemes
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International Health Policy Program,Thailand

Civil Servant Medical Social Health Insurance Universal Coverage
Benefit Scheme (CSMBS) (SHI) Scheme (UCS)
Legislation | Royal Decree 1980 Social Security Act 1990 | National Health Security
Act 2002
Purchaser | Comptroller General’s Social Security Office, National Health Security
Department, Ministry of Office
Ministry of Finance Labour
Population | 4.4 million 10.6 million 48 million
coverage
Source of Tax-based, Tripartite contribution Tax-based,
finance non-contributory non-contributory
Budgeting | Open-ended budget Closed-ended budget Closed-ended budget
Payment OP: fee-for-service; IP: OP: capitation;IP: DRG | OP & PP: capitation;
methods DRG w/ multiple w/ global IP: DRG w/ global
cost bands budget budget; fee schedule for
specific high-cost
procedures
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1) Infrastructure development: facilities & workforce

1942 1972 1975 1978 1980 1990s 2000s
I— Primary Health Care Population per doctor and nurse
policy ot
— Scaling up

6,000 =

District Health System .
—| Mandatory rural services o

(doctor, dentist, pharmacist,nurse) | =0 T IT o ITTTIIeTTIIoTTTeTTIT

1965 1970 1975 1980 1985 1990 1995 2000 2005

Doctor Nurse

Establishment of Ministry of Public Health

/ District Health System \ * Full coverage of district hospitals
“‘ by 1990s
* Full coverage of health centres
by 2000s
Dictrict Hosaital I.-IeI‘I'-iiter . Healt!'l workforc.e Policies:
3(I)s:1r;(:) bet;sspl ° 3-5 nurses & paramedics recruitment, training,

cover 3,000-5,000 people / distribution, and rural retention

dnep. ¢ B

Q)ver 30-50,000 people
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http://gishealth.moph.go.th/hisomap/gmap.php

Policy Framewor Health Goal 1 : Healthy People

Reducing risk factors

{Physical Health) Improving (HALE) to 72 yrs

!
[ N . lird [rate morbilty rate percentagel
External causes Chronic diseases Risk factors Promoting health
24,069 Death 33U 132,492 Persons
s | N\ [ I ~ | 1) Substance abuse (Prev) 5) Mental/Emotion well-Being
) 1) Diabetes :
1) Traffic accident 26,260 persons + Alcohol problem 32% + % (EQ) in Chidren (45%)
14,483 persons \ i - J
\ ) ( 2) Stroke 2 - Smoking 21% » % Depressed patients access
p : “ to psychiatric care (45%)
2) Suidide L 217,521 persons ) |+ Narcotics/Amphetamine/etc
4,179 persons r — N | 78,153 Ay 6) Active Living
\ ! /| 3)Ischemic health Dz o — prp
p S *« % Ugy.ungaAnITUNg
3) Drowning : 19,151 persons [ 2) Hypertension ]
3 245 b I 7 » >6 yrs with adequate sleep
, ersons r - - N\ . )
° 4) Liver/Bile duct cancer Prevalence : 25% .
e I ) « Controlled : 26% 7) Healthy Consuming
4) Homicide 5 16,116 persons ) )
2,169 FErEans p I . [ 3) Obesit * % Good eating habit
) esi ]
\ < 5) Lung cancer y « % Good consumption habit
* 933N N13AAUTEUIN AEM : 12,867 persons + % BMI normal (F<55/ M<42)
\ ) .
(AIDS Epidemic Model) 2015 | * % (<18 yrs) appropriate BMI [ 8) Environment Health
(" 6) Tuberculosis A « % Good environment
\_12,000 persons J [ 4) Reproduct & Sex Health ] * % Good waste management

|
8) COPD ( 7) HIV infection ) * % Pregnancy F <20 yrs 48:1000 9) Oral Health

» Teenage pregnancy12.8:1,000

: 4,647 persons . : ¥11,930 persons » % Total Dental loss (7.2%)




Thailand HAQ index

Azerbaijan 61s3]|62]|a 82|33]60]65|78] 61|53 [Aa] 55|33 49|69 70|68 82|87 81 ] 57 | 535430
The Bahamas 6468|8140 7339|5950 62|40 |69(48(46|27 |77 [64| 65|69 |57 |75 52|37 |60
Dot e | G- 63|67 [90] 40 75| 72|45 |51 [69| 67|72 [72]35] 52 28] 2 | 42 [ 67 [ 73] 62 [ 3] s [4] 52 [ 32 =2
Georgia 6260|7865 80 76|37 |47|54|45|43|33|30(39(38|41|43|71(58|79|70|67 (78|60 51|55
Whooping cough |1 Trinidad and Tobago 62|77 |70 50 74|37 |8 51 |22 |88] 67| 47 [ 2] 42| a9 [ 45 | 72 [ a8 [ 68 [ 54 [ 61| 57 [ 31 [ 34 [ 0
Upper respiratory infections Kazakhstan 615177 |50 77 |43|68|51|68|64)59|40(41(33|39 49H53 6953|4962 |65 _-51 37
Grenada 58|73|74 |29 7545|4838 NS41754473844585551595253N§{‘45
Inguinal, femoral, and abdominal hernia I Tuilanenkan 58]50]55129 81]29)64)56[85]41]50(30)46]2332|47[82]52]69(70) 71|57 |50| 47|25
Bosnia and Herzegovina 78|72 716967 66|53 |51 |53 73| 6581 79 79|72 |70|63| 66|70
Tetanus | Albania 78 68 70|57 |73|64]58| 55|37 | 72| 53| 40 |85] 77 65 |80 57 [ 42
. . Oman 77 |75 |82 44 61 85|83 65| 68|80 50|64|72|80] 79|74 |20 605066
Rheumatic heart disease I i = 7 75 |23 | 82| 4 “ e1l67| 4 6881 71|46 | 45
Meas|e's |1 ke 76|76 |80 |72 3|7 49|65|28 68(72|68| 77 82|75|64|73[57[45|
Maldives 76 |65 [76 |70 n|n[ss[z]s 72|74 72| 66| 72|76 | 2 [88] 77 [88] 70 [ 81 [ 80] 45 [ 74
Diarrhoeal diseases N China 74|67 76 s5|61|70 |67 73|30|54|76 50| 61 67 77 |80 77| 60| 44 |
X Moldova 73|59 |84 56 6359|6278 |73 [ 47|59 |61[40|46 |58 |88Y 55 (85|69 73 (72 | 818958 | 72
Maternal disorders I —— s 73 |80]78 |69 82666 2|48 |39 77 68|78 | 60|76 | 73 | 75 | 72 | 62 |78 | 78| 39 | 54| 56
Chronic respiratory diseas e | Sleskd |63 [ 5 S | > [T | v | A 7 | @] 5 1B - Rl
Uruguay 72 |8 79|55 83| 6159 |51 (834251 |50[65[|70|63|69|83|77|71|69|53|77|74|61]56]52
Hypertensive heart disea e o lan 716 [81]62 @ 81 55 [ 32 [88] 37 [ 45| 36 [84] 60 | 70 [88] 77 [ 78 68 52 [ 53 74
2 Thailand 71|54 |89]38 70|35 |53 |77 | 65|51 |34 89|78 | 60| 79| 86|78 | 72 | 82| 50| 76 | 56 | 30| 69| 53
Peptic ulcer disease I o 70 |65 |79 (59 73|45 |78 2] 62 6646|7970 |58 [76 |82 67|76 55 | 65| 55| 4456|621
Ischaemic heart diseas e | = cl K ATt R kAt e e B R e
Uterine cancer I
Epllepsy | e =
Appendicitis G
althcare Access and Quality |ndex o o s
Neonatal disorders IS

Congenital heart anomalies

Testicular cancer

Healthcare Access and Quality Index based on mortality from @ ®
causes amenable to personal health care in 195 countries and
territories, 1990-2015: a novel analysis from the Global

Burden of Disease Study 2015

5BD 2015 Healthcare Access and Quality Collaborators* m

Cerebrovascular disease

Diabetes mellitus

Tuberculosis

Cervical cancer

Adverse effects of medical treatment
Hodgkin’s lymphoma

Gallbladder and biliary diseases B

Lower respiratory infections

Non-melanoma skin cancer

Leukaemia
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Thailand HAQ index

Healthcare Access and Quality Index
Neonatal disorders

Congenital heart anomalies
Testicular cancer

Cerebrovascular disease

Diabetes mellitus

— Tuberculosis

Cervical cancer

) /\dverse effects of medical treatment
Hodgkin’s lymphoma

Gallbladder and biliary diseases

Lower respiratory infections

Non-melanoma skin cancer

Leukaemia

80 90 100
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HITAP,

Health
economic
evaluation unit

Thai FDA,
Health Product
Vigilance
Center
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DMSc (10
buildings,

12 regional

centers

Permanent
secretary
office,

800 hospitals
centers




SJS/TEN

NSUINLAIDASNISLWNE
DEPARTMENT OF MEDICAL SCIENCES

" Acute hypersensitivity syndrome
characterized by skin and mucous
membrane >2 lesions

"Widespread purpuric cutaneous
macules (atypical target)

“Epidermal attachment <10%

"Common in children than adult
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DISTRIBUTION OF DRUGS WITH SJS/TEN REPORT

IN THAILAND

h CO-TRIMOXAZOLE
TETRACYCLIN 7g3(1e0e) 1,234 (24%)

\ CARBAMAZEPINE

113 (2%)

NEVIRAPINE
122 (2%)

IBUPROFEN i

156 (3%)

PHENO
BARBITAL
189 (4%)

NEVI
RAPINE 313
(6%)

703 (14%)

AMOXYCILLIN
342 (7%)

PHYNYTOIN
451 (9%) ALLOPURINOL
664 (13%)
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PHARMACOGENOMICS OF CARBAMAZEPINE
SJS/TEN/DRESS

SJS/TEN
* HLA-B*15:02 (Science, 2004, NEJM 2012)

“Risk factor in South east Asian populations (Most SCAR are SJS/TEN)
“In Taiwanese, Odds ratios 2540, 100% sensitivity, 98% specificity
* Confirmed in Thai populations (Tassaneeyakul, Epilepsia 2010)

DRESS
“HLA-A*31:01 (NEJM 2012, Human Molecular Genetics 201 2)
" Risk factor in Japanese and Caucasian who developed DRESS(Not SCAR)




Information for Healthcare Professionals: Dangerous or Even Fatal Skin Reactions -
Carbamazepine (marketed as Carbatrol, Equetro, Tegretol, and generics)

NSUINLNANBASNIGHUNE
S

Update: The issues described in this communication have been -
addressed in product labeling (see Drugs@FDA:l )-

FDA ALERT [12/12/2007]: Dangerous or even fatal skin reactions (Stevens Johnson
syndrome and toxic epidermal necrolysis), that can be caused by carbamazepine therapy, are
significantly more commmon in patients with a particular human leukocyte antigen (HLA)
allele, HLA-B¥*1502. This allele occurs almost exclusively in patients with ancestry across
broad areas of Asia, including South Asian Indians. Genetic tests for HLA-B*1502 are alread

available. Patients with ancestry from areas in which HLA-B*¥1502 is present should be
o 10-15% or more of pé:cieﬁ;cs_méy nt_:arr\yr the allele in parts of Chihz{, THaiIand, I_\aélaysia_, _
Indonesia, the Philippines, and Taiwan.
© South Asians, including Indians, appear to have intermediate prevalence of HLA-B*1502,
averaging 2 to 4%, but higher in some groups.

o HLA-B*1502 appears to be present at a low frequency, <1%, in Japan and Korea.

e Patients with ancestry in at-risk populations should be screened for the HLA-B*1502 allele prior to
starting carbamazepine. Patients who test positive for HLA-B*1502 should not be treated with
carbamazepine unless the expected benefit clearly outweighs the increased risk of SJS/TEN.

http://www.fda.gov/Drugs/DrugSafety /PostmarketdrugsafetyinformationforPatientsandProviders /ucm124718.htm
http://tinyurl.com/cc2zpcc



Frequencies of certain HLA-B alleles in
CBZ-induced SJS/TEN versusCBZ tolerant patients

(Tassaneeyakul W., 2010) kb e

1

00 1 88.7 % sensitivity

90 - 88.7 % specificity

B P-value:2.89 x 10" .

80 Based risk (2.9/1000)

70 OR: 54.76 PPV 1.92% (1/50) % CBZ-induced
50 | NPV 99.96% (2/1000) SJS/TEN (n=42)
20 m CBZ-tolerant
40 control (n=42)
30 -

20 -
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Ref: Association between HLA-B*1502 and Carbamazepine-induced severe cutaneous adverse drug reactions in a Thai population.

Epilepsia 2010, 51(5).: 926-930
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HLA-B*1502 FREQUENCIES ACROSS POPULATIONS

China Beijing . . .
Hong Kong Indonesia Vietham Hanoi USA European
Shijiazhuang Taiwan Thailand Japan Central
Chinese Java Western Kinh pop 2 American pop 2
HLA Tianjian Han [,4] o (n=212) (n=142) o (n=371)" o
=569 =236 =170 =1245
A”ele [:|']:6]8)[ 3] (n 2 ) (n ) (ﬂ ) (ﬂ )

B B = B = E o lll

AF (%) AF (%) GF (%) AF (5)  AF (%) AF (%) AF (%) AF (%)
B*15:02 2.4 10.2 22.9 6 8.5 13.5 0.1 0
B*35:05 0.1 1 16.5 0.2 0.4 4.1 0 0
B*58:01 6 7.3 1.4 10.1 7.7 6.5 0.4 0.9
Total 8.35 16.70 43.39 15.66 15.89 22.47 \ 0.50 0.90 /
-

NS
www.allelefrequencies.net



The NEW ENGLAND JOURNAL of MEDICINE
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ORIGINAL ARTICLE ‘

Carbamazepine-Induced Toxic Effects
and HLA-B*1502 Screening in Taiwan

Pei Chen, Ph.D., Juei-Jueng Lin, M.D., Chin-Song Lu, M.D.,
Cheung-Ter Ong, M.D., Peiyuan F. Hsieh, M.D., Chih-Chao Yang, M.D.,
Chih-Ta Tai, M.D., Shey-Lin Wu, M.D., Cheng-Hsien Lu, M.D., Yung-Chu Hsu, M.D,,
Hsiang-Yu Yu, M.D., Long-Sun Ro, M.D., Chung-Ta Lu, M.D., Chun-Che Chu, M.D.,
Jing-Jane Tsai, M.D., Yu-Hsiang Su, M.D., Sheng-Hsing Lan, M.D,,
Sheng-Feng Sung, M.D., Shu-Yi Lin, M.S., Hui-Ping Chuang, B.S.,
Li-Chen Huang, B.S,, Ying-Ju Chen, M.S., Pei-Joung Tsai, M.S.,
Hung-Ting Liao, M.S., Yu-Hsuan Lin, M.S., Chien-Hsiun Chen, Ph.D.,
Wen-Hung Chung, M.D., Ph.D., Shuen-lu Hung, Ph.D., Jer-Yuarn Wu, Ph.D.,
Chi-Feng Chang, Ph.D., Luke Chen, Ph.D., Yuan-Tsong Chen, M.D., Ph.D,,
and Chen-Yang Shen, Ph.D., for the Taiwan 5JS Consortium®*

2011, Single arm trial demonstrated SJS/TEN from CBZ can be prevented
after 5000 patients went through genotype guided selection of CBZ




DISTRIBUTION OF TOP DRUGS WITH SJS/TEN IN

THAILAND
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Others CO-TRIMOXAZOLE

TETRACYCLIN = 703 (16%) 1,234 (24%)

113 (2%)

CARBAMAZEPINE
NEVIRAPINE \ BAMAZEP
122 (2%) |
IBUPROFEN \
156 (3%)

PHENO
BARBITAL
189 (4%)

NEVI
RAPINE 313
(6%)

AMOXYCILLIN
342 (7%)

PHYNYTOIN

451 (9%) ALLOPURINOL
664 (13%)




~90% OF CBZ-SJS/TEN IS PREVENTABLE
BY PREVENTATIVE TEST OF HLA-B*15:02

250 In Taiwan, the genotyping services
—+—-50% overdiagnosis ] .
had been provided since 2011
200 -
-=-CBZ-SJS/TENS In Singapore, April 2013,
150 —— cases in Thai FDA . . .
Pharmacovigilance HLA-B genotyping Is rou’rlnely
10g Gcfabase recommended before CBZ
100 40%
underreported Initiation
50 -
After HLA-B*1502 Both countries report almost no
testing
0 T T cases of SJS/TEN from CBZ after

the program



COMMON QUESTIONS WHEN WE TRIED TO
ESTABLISH THE SERVICES

Practitioner /Clinical and Pharmacological Experts
s this testing available in our country?

f it is available, turn around time is timely enough?

s it cost effectiveness, cost saving or cost ¢
Policy maker
Budget impact

Political consequent (Law suit, defame)



HLA-B*15:02 allele : &1 Carbamazepine

@ - 6O 6 - 6 Hru
'—.——-—-—-—--——-— d 817-bp

374-bp

71-bp

HLA-B*58:01 allele : &1 Allopurinol
@ @ 6 6 o Ros Zontar

817-bp

437-bp
a = a8 - - 369-bp

HLA-B*57:01 allele : &1 Abacavir

(PIP) @ & Nog Control

-
L L B L RN 817-bp

e um o 374-bp

Multiplex allele specific PCR for
HLA-B*15:02 allele

Total

gl oo | 0 | o

Lot o Sensitivity = 100%

Specificity = 100%
PPV = 100%
NPV = 100 %

Multiplex allele specific PCR for
HLA-B*58:01 allele

Total

+ -

R 100 | 0 | 100

=" . EIGIEE
0o 51| 254

* HLA-B*58:15 allele = 0.06%, HLA-B*58:18 aliele = 0.12%

Sensitivity = 100%
Specificity = 98.05%
PPV = 97.1%

NPV = 100 %

Multiplex allele specific PCR for
HLA-B*57:01 allele

+ - Total

Wuwsgw +
(Bead array HB) Sensitivity = 100%

Specificity = 100%

PPV = 100%

NSUINLNAIDASNIS W N
DEPARTMENT OF MEDICAL SCIENCES
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%39
(EDTA-blood)

AR BUNTZWILNY
(Buccal cells by cytology brush)

3 days guaranteed turn around time

AI9E19AWE  Multiplex allele
DNA specific PCR

DNA extraction



07/06/2012 MEDIA COMMUNICATION DEPUTY MINISTER OF

PUBLIC HEALTH
(ILIATION-WIDE PGX SERVICE AVAILABLE) =

DMSc developed pharmacogenetics test to prevent adverse

drug reaction . . o ) ?
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National Innovation

Awards 2015 (2558)

<+

/N Z/\

daUunvIuuUdINNSSULVBIRA

Ghlg

(EDTA-blood)
¢ Yy v
maawaqnszwmnu
(Buccal cells by cytology brush)

1000 Baht per service cost (30-33 USD)
Including DNA extraction and genotyping

without false positive in Thais



FULL-LENGTH ORIGINAL RESEARCH

Epilepuia, 49 1625-1638, 2013
doi: 10,111 WepL12325

Economic evaluation of HLA-B*15:02 screening for
carbamazepine-induced severe adverse drug reactionsin
Thailand

*Waranya Rattanavipapong, *Tanunya Koopitakkajorn, *tNaiyana Praditsitthikorn,
{Surakameth Mahasirimongkol, and *Yot Teerawattananon

*Health | and T U A

Program (HITAP), Nenthaburi, Thailand; *Bureau of AIDS TB and ST,

Department of Disease Control, lednry of Public Health, Nonthaburi, Thailand; and $ The National Institute of Health, Department
of Medical Scences, Ministry of Public Health, Nosthaburi, Thailand

SumMMARY

Purpose: There is strong evid of an

and healtherelated quality of life (HRQolL) data were
obmned from interviews that were conducted with 33
some of whom had experienced severe drug

between the presence of the human leukocyte antigen
(HI.A)-I'IS'OI and two severe adverse drug reacti

reactions.
Key Findings: The incr I cost-effecti ratio

ynd: (SJS) and toxic epidermal
necrolyns (TEN)=in patients tahng Mmpme
(CBZ), a tr for p with

(ICER) of adopting a universal HLA-B*15:02 screening
policy was estimated at 222,000 Thai baht, THB/quality-

and neuropathic pain. As a result, theu anca!bforall
punem:that“duetoumkrgoclltherapymbe
screened for this g i rker before
their therapy. This study aims to determine the value ﬁn
money of HLA-B*15:02 screening compared to the follow-
ing: (1) administering CBZ therapy without conducting
patient screening, and (2) not prescribing CBZ but alter-
native drugs that are less likely to result in severe reace
tions, but that come at a higher cost.
Method: An economic evaluation was carried out by using
a decision tree and Markov models to examine the cost-
utility of providing HLA-B*15:02 saunm' for all patients
with ecither newly di d epil thic pain
in the Thai setting. All transmonal pmbalulmes were
derived from the national and international literature.
ﬂnenwcmtyoltbed:nondrxtmdndunconsmn
Ik d from 10 ity, provincial, and regional

dijs d life year (QALY) gained for epilepsy patients
and 130,000 THB/QALY gained for patients with neuro-
pathic pain. Furthermore, we found that 343 patients
need to be tested for HLA-B*15:02 allele to prevent one
case of S)S/ITEN.

Significance: Universal HLA-B*15:02 screening repre-
nnupodnhnbrdummynmdmnmg
SJS'TEN in CBZ«treated pati with
pain at the Thai ceiling ratio of 120,000 TH!IQALY
gained. } , the prevalence of CBZi d Sjs/
TENindoeThu',. pulation and the positive predictive
value (PPY) are major factors that influence the cost-
effectiveness of HLA-B*15:02 screening. Therefore, an
active surveillance system to make a more accurate

of the pi Jence CBZ.induced SJS/TEN in
the Thai population would enhance the generalizability
of the results.
KEY WORDS: Cost-utility analysis, HLA-B*15:02, Ste-

hospitals through Thailand. Direct dical cost

P EN

Joh syndrome, Toxic epidermal necrolysis.

According to national and global pharmacovigilance sys-
tems, the most common adverse drug reactions (ADRs) are
cutaneous. The most severe life-threatening forms of cuta-
neous ADRs are Stevens-Johnson syndrome (SJS) and toxic

Accepeed June 18, 2013 Early View publication July 29, 2013,

Address comespondence 10 Nayuna Praditsiohdom, Depanmest of
Health, Healih Imterve and Tech A Program (HI-
TAP), Misisary of Public Healsh, 6h Floor, 68 Building, Tiwunos Roud,
Muasg, Noathabari 11000, Thadand. E-sail: naiyssa p@hesp.net
Wikey Pestodicals, Inc.
© 2013 Intematsoeal Leagoe Agaiest Epdepey

epidermal necrolysis (TEN), two related acquired bullous
disorders of the skin that, in the majonty of cases, are caused
by reactions 10 certain drugs. such a5 sulfonamide-antibiot-
cs. antiepileptic agents—especially carbamazepine (CBZ),
allopurinol, and oxicam-lype dal 1l
drugs (NSAIDs) (Harr & French, 2010). Incidence rates (cx
SIS/TEN vary according 1o ethnicity, and the highest rates
are seen among Han Chinese. Malays, and Thais (Limer al.,
2008).

CBZ is the primary tre: choice for ¢ with
epilepsy and neuropathic pain according to current Thai

1628
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In 2013

Economic evaluation of HLA-B*15:02 screening or CBZ-induced
SCAR in Thailand

Waranya Rattanavipapong

(Health Intervention Technology Assessment Program, HITAP)
* SJS/TEN survivor grading
their QOL worse than death

* AT QALY 120,000 Baht (4,000 USD)
Testing for Neuropathic pain is cost effective

Testing for Epilepsy is borderline cost effective



3/10/2013



53 HOSPITALS INVOLVED
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Medical Genetics Section, MLSC., DMSc., MoPH., Thailand
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HLA-B*15:02 tests results from 4
laboratories

M Positive 723

B Negative

193 carriers from 1732 tested

136
103
a0
32 32
9

Sirira] Rama Chula DMSc



DRUG ALERT CARDS

Causality assessment
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Clinical Practice Guidelines for Epilepsy

1. Clinical Practice Guideline (CPG) 2015 (published November 2016) for Epilepsy includes HLA-
B*15:02 information in the guideline

2. From 2016-, Pharmacist team in two tertiary care hospitals (600-800 beds) in Bangkok and
Phitsanuloke provinces routinely genotype HLA-B*15:02 for all patients requiring
Carbamazepine regardless of the insurance schemes by DMSc support

3. Based on these evidences, national program for providing HLA-B*15:02 genotyping tests to
prevent SJS/TEN from Carbamazepine is approved by National Health Security Office (NHSO
provided the universal health coverage insurance scheme covering 60% of Thai populations)---
In process for 15t October 2018 launched

4.  Genotyping service will be provided at 12 DMSc regional centers and the university hospitals

5. Hopefully, Genetically mediated Carbamazepine induced SJS/TEN will be eradicated in
Thailand similar to Singapore and Taiwan by 2020



THE NUMBER OF SCARS (SJS/TE
(1998-2018) Brainstorming
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NUMBER OF SCARS | Tests available at

1600

regional levels

1400

=

0
‘ Nation-wide testing

1146 7709 ‘
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SJS/TEN is declining in Thailand



MILESTONE FOR THE INCLUSION OF HLA-B*15:02 SCREENING
INTO THE UHC BENEFIT PACKAGE

HLA-B*1502 was
the first genetic
marker identified
for predicting
CBZ-induced

SJS/TEN in
Taiwanese
patients’.
2006
R 2005
KI-CE%W'NB 2004 A

o -"Iv ,L- —_— h
There is an Economic "U3"1J'2”,l£99ﬂ-ﬂa”
association evaluation of \\ - 2asting
between HLA- HLA-B*15:02 iclPrctic Gidelnes for Eppsy
: s : Finally, NHSO
B*1502 and screening for HITAP proposed to announced that
. A -B*15:
c.al;lbam:zepme carbum:zeplne ind NI-:i:Z:::: H::OEI; :;02 HLA-B*15:02
induced severe uced severe e 9 e screening has
cutaneous adverse adverse drug Included inio the . .
. . . . benefit package for UHC been included into
drug reactions in a reactions in ) ) .
. . 5 Thailand? patients due to its cost- the UHC benefit
Thai population®. arland-. effectiveness. package for UHC
HEE training for HERELE
HLA-B*15:02 Malaysian and
screening was Indonesian
proposed by the colleagues
Neurological Society 2018
of Thailand and Pilot test in Bangkok 2017
Epilepsy Society of
Thailand to NHSO
for UHC
2010
2009
2008

Source: (1) Chung et al, 2004;(2) Tassaneeyakul et al, 2010;(3)
—— R TCE Rattanavipapong etal, 2013
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KEY CHANGE

Secondary
prevention

. Adverse drug

reactions

Prescription

Prediction Prevention Primary

of ADRs of ADRs prevention

Information system: PHR (Mor Prompt, H4U etc)
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Integrative Application of Human
and Pathogen Genomic Information
for Tuberculosis Control 2015-2019

Katsushi Tokunaga, Professor, Laboratory of human genetics,
Faculty of Medicine, The University of Tokyo

Surakameth Mahasirimongkol, MD, MSc, PhD
Medical Genetic Center, MLSI, DMSc

Participant teams
JAPAN: The University of Tokyo, RIKEN, JATA RIT - Fukujuji hospital

Thailand: DMSc, Mahidol University, Bureau Of Tuberculosis, Chiangrai
Prachanukroh Hospital, Central Chest Institute of Thailand



Tuberculosis —a major global infectious diseases-

Tuberculosis (TB) : Infectious disease by Mycobacterium tuberculosis (MTB)
» 1/3 of the world population (more than 2 billion) is infected by MTB.
» 8.6 million infected people develop tuberculosis every year.

» 1.3 million patients died every year.
TB in Japan : More than 20,000 people developed tuberculosis every year.

TB in Thai : 120,000+ TB with 12,000 Death, one of the 22 TB high burden
countries in the world.

(WHO Global Tuberculosis report2017)
Suggested contribution of host genetic factorto TB onset
» Only 5-10 % of infected people develops the disease.
» Twin study (Comstock GW et al., Am. Rev. Respir. Dis. 1978)

» Genomewide linkage study (Mahasirimonakol S et al., Genes Immun. 2009)
Primary TB ][ Reactivate TB ]

\ R X
Inhalation _ o000
[ of M.tb ﬂ[>[ Infection Jﬂ Dormant Stage > 0
4
p

vaccination J {Preventive RXJ

\
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Purpose of this SATREPS-DTTB project

Integrative application of human and pathogen
genomic information in TB control (Elimination)

EEEEEEEEEEEEEEEEEEEEEEEEEEE

Output of this project

Development of diagnostics and risk prediction system
for tuberculosis control

Diagnostics of TB

1. Identification of human genetic risks associated with tuberculosis
2. Identification of virulence-related SNPs through the analysis of MTB genome

3. Development of test method(s) or kit(s) for identified genomic biomarkers

Prediction system of treatment responsiveness and
adverse drug reactions from antituberculosis

1. lIdentification of human genomic biomarkers for response to anti-tuberculosis
drug treatment
2. ldentification of human genomic biomarkers for risk of adverse drug reactions

3. Development of test method(s) or kit(s) for identified genomic biomarkers



Overview of research partnership

(Prasit, Angkana,
Therdsak, Nat)

Mahidol University (Surakameth, Nuanjun, Sukanya,

Medical life Science Institute

Nusara, Panadda, Archawin )

Department of Disease Control
(Petchawan, Phalin, Saijai, Chakrarat)

y

Hospitals within MOPH and Mahidol
(Supalert, Charoen)

| AN

JATA

Research Institute of
tuberculosis

(Keicho)
(Maeda)
Fukujuji Hospital
(Yanai)

The University of Tokyo RIKEN
| (Tokunaga, Omae, Yasui, | | (Mushiroda)
Toyo-oka)

Develop research capacity and young human resourcein both countries

Japan side : Accept students from Thailand
[UT has already accepted Ms. Supharat from this September]
Thailand side : Accept postdoc from Japan

[Dr. Toyo-oka has already worked as long-term expert from
this May]
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Ministry of Public Health, Thailand
Department 300,000 staffs

of Disease

Control g
(DDC) DMSc

TB Bureau (10 buildings,

+12 regional
lab centers)

Permanent

secretary
office,

800
hospitals

Petchawan
(PC10),

Chawetsan,
Chakrarat

Department
of Medical

Services, p— g Thai FDA, (PC9),
CCIT (PC10) Health Product Others

Vigilance Center

Supalert
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Development of prediction system of treatment response and
adverse effects from anti-tuberculosis drugs

Use existing samples collected in collaborative research
= Introduce Tandem mass spectroscopy in DMSc and establish Therapeutic
drug monitoring for anti-tuberculosis drugs.

: RIKEN (Mushiroda, Fukunaga), Fukujuji (Yanai), DMSc (Nuanjun, Sukanya,

Surakameth)
i

Q”((\)’ ¥ Treatment] response / Adverge effect
i l—l (Clinical rdcords)
lp_o_ i p——— A -
Portal [Hep

\ V. 1 i
‘ Therapeutic ! Tandem mass
ein at it = & spectrometry
vel §Ve|n | i)
Circulating

6 Drug monitoring
»—4

=) =) m’%

4

Duodenum blood

- Genome analysis
arget organ (GWAS/Targeted NGS
(lung) resequencing)

U

Identification of predictive genomic biomarkers for anti-tuberculosis
@ Biomarkers for prediction of treatment response

@ Biomarkers for preventing adverse effect

— The better and safer regiment for anti-TB therapy
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7

liver

High drug concentration in circulating blood correlates to the strong
effect of the drug through its better distribution to target organ .
(Adverse effect does not necessarily correlate to the drug concentration.)




No. of subjects

Trimodal population PK of isoniazid .=

At NAT
" 7 N
Fast metabolizers [ lsoniazid

/ Ny

Acetylisoniazid

Acetylation

Presumably Intermediate metabolizers Hydrolysis Hydrolysis
/ Hydrazine . CYP2E1 Acetyldiazene
Hepatotoxic Acetylhydrazine Ly o Acetyloniumion
(Hep ) .
Oxidation Acetyl radical

Slow metabolizers Acetylation

. Ketene
Acetylation (hepatotoxic)

NAT

Diacetylhydralazine
(non-toxic) GST

Conjugation

| | ! ] I | | | 1 |
4 8 12 NAT = N-acetyl transferase 2, GST = glutathione-S-transferase

Plasma Isoniazid (ug/ml)

Excretion

(Price—EvanS 1962) Teixeira et al. Mem Inst Oswaldo Cruz. 2011



Definition of predicted NAT2 phenotype

rs1801280 [T>C]
rs1801279 [G>|A] r51799|929 [C>T]

rs1208 [A>G]
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Genotypingof3 to 7 SNPs
on exon 2 of NAT2

4

Inferring NAT2 haplotypes
(Alleles: *4, *5B, *6A, *7B, *12A, *13)

—] NATZ2-exon —

rs1041983 [C>T] rs1799930 [G>A] rs1799931[G>A]

SNP haplotypes

NAT2 alleles

rs1041983 rs1799929  rs1799930 rs1799931

*4 (ref) C C G G ’ ’

*6A T * A * Fast acetylation Slow acetylation
*6B * * A * alleles + alleles
*7B T * * A (*4, *12A, *13) (*5B, *6A, *7B)

§ N

Slow acetylation

Fast acetylator
genotype (Fast)

Intermediate acetylator

(fast alleles/
fast alleles)
“4/%4, *4/*12,
*4/%13,*¥12/*12
*12/*13,*13/*13

genotype (Inter)
(fast alleles/
slow alleles)

genotypes (Slow)
(Slow alleles/
Slow alleles)
*5B/*5B, *5B/*6B,
*5B/*7B, *6A/*7B,
*6A/*7B, *7B/*7B




1. Towana (121
- - San ey

13 - e e (W0
14 - Yonie Sarmes (31)
15 - Yonbe Ny

15 - Yonbae (v

1T o (v

1A - Dwrets (27

T8 - e

20 - Oagone ()

D R e T )

23 - Cragge Banty. speakers O30
25 - L (VR

20 - Masse (XD

26 - Asves (15

9 - Onceno (£

DO - Boeranhh 1D

31 - Sudamsmae (YIT)
33 - Egyssan 3T

34 . MO OC e o)

3% - Soaeish (1IN

A7 - Sawdbrsan (o

53 - Sateer 7

A0 - G (48

47 . UK Cavcasien (112
40 - US Caucasae (38T
40 - US Cauossien B
52 - Swodes X0

53 - Sooww A%

54 - Caoon @™y

56 - Polan e

B A o e -0y
B o ce—— (10
19 - Moy (T4

6O Fuseen One)

€2 - Porm Fussen (123
D - Bt Asmion (A8Ty
65 - Ovwnien {1008

T - Dvntions (15

8 - e GO

09 - Chgmenes (08

TZ - Tumanan 0y

T3 - Tage OB

Ta - Tagh Gy
R

PE - Wameh (P

TT - gy GOy

78 - myrgye )

7S - MyrgyE N

00 - mcormsian @
&3 - o T2y

Bs . Thus a)

85 . s Chwvene (YED)
B8 - Han Chrmas (45

VD - Compwems (1N
154 - Pwpoce ard Cempaece (YN
118 - Caypaps (15

196 - Gan Marte (13)

V1T - Fagscas (A7)

18 - Lienes YIS

ATH - e |V

130 - Sne (VR

12T - o OO

12T - P e Aarets (2900

YOIy

3d0¥N3

vISY

YORIINY

Distribution of NAT?2 haplotype
frequencies In 99 populations

63 - Saudi Arabian (487)
65 - Omani (100)

67 - Dravidian (166)
68 - Marathi (201)

69 - Gujarati (50)

72 - Turkmen (50)
73 - Tajik (32)

74 - Tajik (29)

75 - Uzbek (31)

76 - Kazakh (26)

77 - Kyrgyz (290)

78 - Kyrgyz (47)

79 - Kyrgyz (23)

80 - Indonesian (212)

- Kinh (79

86 - Han Chinese (45)
88 - Han Chinese (212)
89 - Chinese (44)

90 - Japanese (144)

91 - Japanese (172)

92 - Japanese (44)

93 - Japanese (48)

94 - Japanese (200)

95 - Korean (288)

96 - Korean (1,000)

97 - West Siberian (14)
98 - Khanty&Mansi (14)
99 - Yakut (22)

100 - Yakut (16)

101 - Chukchee (13)

Sabbagh et al. PloS. One 2011
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Current progress : Development of prediction system of
treatment response and adverse effects

Frequency Frequency -
of SA (%) Thai of SA (%) Japanese (Fukujuji Hosp.)
100
P=1.53%x10°% 100 P =5.56%x104
80 80
OR =8.80 OR =4.32
60 60
40 40
20 0 20
C EER as%
0 0 e
DILI Control DILI Control
(n=53) (n=85) (n=73) (n=293)
WattanapokayakitSet al.,IJTLD 2016 MushirodaT etal., HGV 2016
\

 Human Genome analysis : Identified NAT2 slow acetylator (SA)
genotype as risk for Drug induced liver injury (DILI) — Meta-analysis
using cross-population data is ongoing to improve the prediction of DILI.
- Therapeutic drug monitoring : Tandem mass spectrometry has already
introduced into DMSc this December.

o J




OS8-1 Dr. Licht Toyooka.
Association between NAT2 type and mortality in TB patients
comparing with RA vs IA and SA vs IA
« TB patients with death <18 month and HIV positive group (102 samples)

- RA(fred) A P-value = 0.014
o | ema " OR (95%ClI) = 3.35 (1.20-9.63)
No 21 56
(27.3%)

« TB patients with death <18 month and HIV positive group (125 samples)

Death  Died 188A($ef;) ” - P-value = 0.06
o OR (95%Cl) = 2.28 (0.90-5.96)

status  Ng 40 (41.7%) 56

NAT2 RA is significantly associated with death in HIV/TB and SA type showed
the trend but did not show significant association in the HIV positive group.



Survival analysis (< 18 months) comparing with three
NAT2 acetylator type

1.0

0.8

. U,

........................

Rapid Acetylators

0.6

0.4

P-value=0.044

0.2

0.0

0 100 200 300 400 500

NAT2 type showed association with mortality
In HIV positive TB patients in 18 months observation.



ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, May 2005, p. 1733-1738
0066-4804/05/$08.00+0 doi:10.1128/ AAC.49.5.1733-1738.2005
Copyright © 2005, American Society for Microbiology. All Rights Reserved.

Vol. 4¢

Should We Use N-Acetyltransferase Type 2 Genotyping To
Personalize Isoniazid Doses?

Martina Kinzig-Schippers,! Dorota Tomalik-Scharte,” Alexander Jetter,”
n.ﬂf‘ﬂl”\ﬁi‘t'] QF‘I"\D;:']QI 3 ‘l?.ﬂi‘.ﬂf'l"l l—"llfﬁl"\’l Michael Rodal‘l‘ler*l

40
"%" A 100 mg orally R
=] 4 300 mg orally
i v 200 mgi.v. R
o 304
Q Lov
™
5 M
9
o A®
E v
‘E A v L ]
E *
= 10 !!!
2 134
]
a.
=%
]

0- | | |

0 1 2

number of NAT2*4 alleles

:511(0,2 Fritz Sorgel,'*
[

berg-Heroldsberg, Germany'; Department of
Analytical Clinical Concepts, Leidersbach,
versity of Kiel, Kiel, Germany*

ywember 2004/Accepted 27 January 2005

ylamine N-acetyltransferase type 2 (NAT2). A
acetylation capacity and in some reports to low
s to assess individual isoniazid exposure based
se. Isoniazid was administered to 18 healthy
men) in random order as a 200-mg infusion, a
't of NAT2 genotype, common single nucleotide
cterized. Noncompartmental pharmacokinetics
‘ed from isoniazid plasma concentrations until
nfluence of NAT2 genotype, drug formulation,
1etics was assessed by analysis of variance from
a1cokinetics. Eight high-activity NAT2%4 alleles
1 93% of the variability in apparent isoniazid
ted for 88% of variability. Individual isoniazid
- 9 X (number of NAT2*4 alleles). To achieve
appropriate for patients with one high-activity

50% for patients with no or two such alleles,
‘he merits of this approach.
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18 Caucasians

Dosage based on
NAT?2

Rapid

— (50% Increase)
7.5 mg/kg

Slow

— (50% decrease)
2.5 mg/kg



Provided informed consents for the study (n=173)

NAT2 genotyping

(at a central laboratory)

v

=
T

Computer generated randomized dynamic allocation

X St-dose Low-dose Middle (St)-dose High-dose St-dose
''''' I I R e
Informed only assigned dose of INH to investigators
Valid for INH-DILI n=9 n= n=64 n=44 n=48
- Non-tuberculosis —> n=1 —> n=1
Micobacterium infection
- INH-resistant —> n=7 —> n=4 —> =4
W Y W N
Valid for
early treatment failure n=9 n=1 n=36 n=40 n=43

Screening test

(at each hospital laboratory as routine)

—————> Ineligible (n=1)

A7iimAa at 2l

A prospective trial to evaluate the

INIH Ancana adiiietmant hacad nn

Table 1 Dose of isoniazid in NAT2-genotype-guided treatment or
conventional standard treatment

NAT? status SA-type [A-type RA-type

Body weight (kg) <40  40< <40  40< <40 40<

Dose of isoniazid (mg, once a day)
PGx-treatment 100 150 200 300 300 450
STD-treatment 200 300" 200 300° 200 300°

[soniazid tablet (100 mg, 50 mg) was used practically. Stratified dose
was 2.5, 5, 7.5 mg/kg b. w. for patients with SA-, IA-, and RA-type,

100 7 B INH-DILI
1 ;):0.021 1 Persistent positive culture

80 A |
g ] SA-type 5/7 vs 0/6
2 60
3 p=0.048
40 I—\
k=

20 A

Treatments PGx STD PGx STD

n 6 7 32 36 37
? n 1NAT2 genotype SA-type RA-type IA-type




Current progress : Development of HS-PCR
for risk assessment of treatment response and adverse effects

Rxn.INAT2
No. |haplotype

[
(o]
=

Amplicon
size (bp)
588

1 INAT2*4(wild)
NAT2*11A
ILNATZ*SB
INAT2*5C

3 [NAT2*6A

4 INAT2*7B
NAT2*7C

| 5 [NAT2:12A
INAT2*12C
| 6 INAT213A

583

300
431

387

O ol 4410 olo

QIO OO OO0 @O |®

366/ 641

Internal Control (TRIMP1)

817

*5C =*5B (slow), *7C =*7B (slow), *11A =*4 (rapid)

pooodoooD O
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Haplotyping based alleles specific PCR
were developed

Eliminating haplotype inference

Led by Dr. Nuanjun Wichuckchinda
Validated in 520 Thai samples
Genotyping accuracy = 99.5%
Acetylator phenotype prediction = 100%
Patent application
Wichukchinda et al,
Manuscript in preparation

*SB/*
6A

*4/*
5B

*7B/
/B

*6AM*
7B

*6AM*
6A

*7B/
7B

*7B/*
12A

*4/*
7B
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Distribution of NAT?2 haplotype
frequencies In 99 populations

63 - Saudi Arabian (487)
65 - Omani (100)

67 - Dravidian (166)
68 - Marathi (201)

69 - Gujarati (50)

72 - Turkmen (50)
73 - Tajik (32)

74 - Tajik (29)

75 - Uzbek (31)

76 - Kazakh (26)

77 - Kyrgyz (290)

78 - Kyrgyz (47)

79 - Kyrgyz (23)

80 - Indonesian (212)

- Kinh (79

86 - Han Chinese (45)
88 - Han Chinese (212)
89 - Chinese (44)

90 - Japanese (144)

91 - Japanese (172)

92 - Japanese (44)

93 - Japanese (48)

94 - Japanese (200)

95 - Korean (288)

96 - Korean (1,000)

97 - West Siberian (14)
98 - Khanty&Mansi (14)
99 - Yakut (22)

100 - Yakut (16)

101 - Chukchee (13)

Sabbagh et al. PloS. One 2011
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Definition of predicted NAT2 phenotype

rs1801280 [T>C] rs1208 [A>G] . NsNINLIAIBASNISUWNE
Genotyplng Of 3 to 7 SN PS DEPARTMENT OF MEDICAL SCIENCES
rs1801279 [G>A rs1799929 [C>T
[ | ] ‘ | (] on exon 2 of NAT2
—] NATZ2-exon —

4

Inferring NAT2 haplotypes

SNP haplot
— (Alleles: *4, *5B, *6A, *7B, *12A, *13)
rs1041983 rs1799929  rs1799930 rs1799931

*4 (ref) C C G G ’ ’

rs1041983 [C>T] rs1799930 [G>A] rs1799931[G>A]

NAT2 alleles

*5R * T * *
*GA T x A * Fast acetylation Slow acetylation
*6B * * A * alleles + alleles
*78B T * * A (*4, *12A, *13) (*5B, *6A, *7B)
Fast acetylator Intermediate acetylator Slow acetylation
genotype (Fast) genotype (Inter) genotypes (Slow)
(fast alleles/ (fast alleles/ (Slow alleles/
fast alleles) slow alleles) S|‘w alleles)
New hypothesis:
Ultra-slow acetylators (Ruizet al., 2012;
*6A/*6A, *6A/*7B, *7B/*7B Selinski etal., 2013)




Application of new technology for

EndTB strategy in Thailand

Reduction 88/100,000

In 2021

12.5 % per

171/100,000

incidence in 2014

CONTACT
INVESTIGATION
COVERAGE

PERCENTAGE OF
TB-AFFECTED HOUSEHOLD
THAT EXPERIENCED
CATASTROPHIC COSTS
DUE TO TB

LTBI
TREATMENT COVERAGE

DRUG SUSCEPTIBILITY
TESTING (DST) COVERAGE
FOR TB PATIENTS

DOCUMENTATION OF
HIV STATUS
AMONG TB PATIENTS

TB TREATMENT
SUCCESS RATE

PERCENTAGE OF
Therapeutics drug NEW AND RELAPSE TB
PATIENTS TESTED USNG A
WHO-RECOMMENDED RAPD
B ( TESTS AT THE TIM E OF :
) DIAGNOSIS (Whole genome

monitoring of Anti-

CASE FATALITY
RATIO (CFR)

sequenc
ing)
Pharmacogeneti wes
cs of Isoniazid

(NAT2) COVERAGE,

NEW TB DRUGS

Gene Xpert MTB/RIF assay
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DEPARTMENT OF MEDICAL SCIENCES



RESEARCHES PRESENTED IN 2016 CONFERENCE

Infection screening For children For all

NSUINLNAIDASNIS W N
EPARTMENT OF MEDICAL SCIENCES

How to screening for TB  Skin test (TST) Interferon Gamma Release assay
(IGRA)

X-ray screening For all For Infected

Tuberculosis control by innovative researches and interventions

300 7 JRadisson Blu'Plaza Hotel Bangkok IR Pubis Hegiy mEngland
k : x| -
250

200

150

100

icidence rate of TB (per 100,000 population)
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8th March 2017
MOU EndTB from 17 organizations
1) Establish TB research network and roadmap
2)Update of national guideline




Clinical Practice Guideline of
TB Treatment in Adult 2018

3.1 sumensnudrulsanuonruoludirng
3.1 Dosage of first line anti-tuberculosis in adult

A15197 3.1 uaSnE I ulsauulinils

T o -
UIUNNDULIN

n133nET (NN.)

TUNRTIE

H (un)**

(4-8 un./nn./3u)

R (an.)
(8-12 ain./nn./)

Z (un)
(20-30 un./nn./ )

E (un.)
(15-20 an./nn./Au)

S (wn)

35*-49 300 450 1.000 800

50-69 300 600 1.500 1,000 15 an./nn./u
(laitfiu 1 nusaty)

> 70" 300 600 2.000 1,200

* Tunsdivmin < 35 w38 > 70 Alansu WA wuIUIRs A NLIING

** Isoniazid 8asAUSUAMUIMINGT UaBiiaves Acetylator Hile (NAT2 genotype) 14

**|soniazid can be adjusted based on weight and acetylator genotype (NAT2 genotype)

c",wcfvay.q‘,’

'

5N
> o st

nELOTUNYY
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Clinical Practice Guideline (CPG)

of Tuberculosis Treatment in Adult

o

2018




INT J TUBERC LUNG DIS 26(6):483-499 CLINICAL STANDARDS FOR LUNG HEALTH

202 2 © 2022 The Union

http://dx.doi.org/10.5588/ijtld.22.0188

Clinical standards for the dosing and management of TB drugs
SUMMARY

AIM OF THE CLINICAL STANDARDS

1. Defining the most appropriate initial dose for TB treatment (Standard 1).

2. ldentify patients who may be at risk of sub-optimal drug exposure (Standard 2)

3. Identify patients at risk of developing drug-related toxicity and how best to manage this risk
(Standard 3).

4.  To identify patients who can benefit from TDM (Standard 4).

5. Highlighting education and counselling that should be provided to people initiating TB
treatment (Standard 5).

6. Provide essential education for healthcare professionals (Standard 6).



2022

Factors
contributingto
variabilityin

pharmacokinetics

Black = likely
Grey = might
White = unlikely

Standard 1

[dihennseasldiurunaniimanzauiiaizusnuinilsa
iovanidesnsldenvuaimiegaiuly dsentdsmadensinuiduvaniaiinenislalteszatedannen

Food- Hepa Drug- TDM
drug tic drug Body for
intera Renal functi interacti | Pharmaco |weight/ma HIV/AI TDM fo Toxicity  effica TDM target
Drug ction  function on on genomics | Inutrition  Elderly Diabetes DS Standard dose’ toxicity threshold cy Craxt afficacy®
Drug-susceptible TB
P x i 128 29,129 32 10 (8-12) mg/kg X X 8-24mglL. AUCMIC>
127 Max: 600 mg 271
21, 127 32 5 {4-8) mg/kg b ¢ x 3-8 mglL AUG/MIC >
max: 300 mg 5687
21 32 15{15-20)mghkg x 2-8 mgL AUG/MIC >
119
32 25{20-30ymg/kg x X 20-80 mgil.  AUG/MIC >
8.42
Multldrug-rasistant TB:
MFX 135 127,137 138 48 139 400-800 mg X 3-5mgiL AUCMIC
>53
LVX 140 137 138 750-1,000 mg X -13mgl. AUCMIC
>146
LZD 142, 142, 142, REZ 145 142, 600 mg x Crin > 2— 12-26 mg/l. FAUCMIC:
143 143 143 143 2.5 mgll 119
BDQ 122, 146 146 147 28 1486, 400 mgonce a b ¢ M2 Wesk 2: 3.2
146 149 day for 2 wooks, metabolite is 1.1
followed by 200 associated with mg/L
mg 3 times a toxlcity Wesok 8: 1.6
week for 24 +0.7
woeks mgL1
Multidrug-resistant TB:
CFZ 148 First 2 months: 0.5-2 mgilL
200300 mg
then reduce to
_ 100 mg
CS/TRD i 153 500-1,000 mg per x X 2035 mg/ll. T>MIC
152 ‘ day, in divided 30%
Lo | doses
DLM 155 154 155 28 155,1 100 mg twice daily 0.4 mg/L¥
54 for 24 weeks
IPM/CIL 122 187 158 1,000 myg twice
daily
MER 161 162 163 2,000 myg twice
di
ARALS Ans | 4 ace BT ADT -|q_aq":y TR e R L e S S BE AL seardl £ RAIES w




Prince Mahidol Award
® 2017 went to Human

Genome Project
Dr. Eric Green, NHGRI

* Already here and implemented
e Targeted therapyin cancer
* Pharmacogenomics
e Rapid diagnosisof rare disease
* Newborn Intensive Care Unit
* Genomics of pregnancy
* Next tocomein 5 to 10 years
* |Integrating Big Data,
* Environment I .
 Lifestyles (Heartrate, physical '{n-d&

activities etc)
* Genes

e Clinical Genomics Information
System
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e 3.1 By 2030, reduce the global maternal mortality
ratio to less than 70 per 100 000 live births.

e 3.2 By 2030, end preventable deaths of newborns
and children under 5 years of age, with all countries
aiming to reduce neonatal mortality to at least as low
as 12 per 1000 live births and under-5 mortality to at
least as low as 25 per 1000 live births.

https: [//ww - 3.3 By 2030, end the epidemics of AIDS,

. tuberculosis, malaria and neglected tropical diseases
W-WhO- I nt/S and combat hepatitis, water-borne diseases and

other communicable diseases.
dﬁ/ta rgEtS/e * 3.4 By 2030, reduce by one third premature
N

mortality from non-communicable diseases through
prevention and treatment and promote mental
health and well-being

7)) 600D HEALTH
N\ AND WELL-BEING

SUSTAINABLE
DEVELOPMENT

G<:ALS




Policy Framewor

Health Goal 1 : Healthy People

I N
External causes

24,069 Death

(Physical Health)

Chronic diseases
33U 132,492 Persons

-
1) Traffic accident

14,483 persons
.

-
2) Suidide
4,179 persons

\

" 3) Drowning

3,245 persons

[ 4) Homicide

2,162 persons

\

* 933N N13AAUTEUIN AEM
(AIDS Epidemic Model) 2015

" 1) Diabetes
28,260 persons

,
2) Stroke
27,521 persons

\

J \\

[ 3) Ischemic health Dz
. : 19,151 persons

: 16,116 persons
\_

[ 4) Liver/Bile duct cancer )

Reducing risk factors
Improving (HALE) to 72 yrs

Risk factors

[rate morbilty

!
y rate percentagel

Promoting health

1) Substance abuse (Prev)

» Alcohol problem 32%
« Smoking 21%

 Narcotics/Amphetamine/etc
78,153 Ay

[ 2) Hypertension

* Prevalence : 25%
* Controlled : 26%

8) COPD
: 4,647 persons

,
7) HIV infection
. : ¥11,930 persons

* % Pregnancy F <20 yrs 48:1000
» Teenage pregnancy12.8:1,000

J
| |
" 5) Lung cancer | [ 3) Obesity ]
: 12,867 persons * % BMI normal (F<55/ M<42)
) | g ® % (<18 yrs) appropriate BMI
(" 6) Tuberculosis )
\_: 12,000 persons y [ 4) Reproduct & Sex Health ]

5) Mental/Emotion well-Being

* % (EQ) in Chidren (45%)

» % Depressed patients access

to psychiatric care (45%)

6) Active Living

» % population with active LS

» >6 yrs with adequate sleep

7) Healthy Consuming

* % Good eating habit

* % Good consumption habit

[ 8) Environment Health

* % Good environment

» % Good waste management

9) Oral Health

% Total Dental loss (7.2%)




Natiaonal cooperation plan for

Genomics Thailand

(Genomics Thailand)
(2020-2024)

Presented to Cabinet 26™ March 2019
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GENOMICS
THAILAND

Timeline of Genomics Thailand

June 2016 Meeting with NIH
Director

October 2017 Genomics Thailand
Consortiumsetup

31t January PMAC2017 HGP
2018 Keynote Lectures
17t March MOU Signing on Genomics
2018 Thailand Research by Three
Ministers
14-15t 15t Workshop for Drafting
June 2018 Thailand’s National Strategic
Plan on Genomics Thailand
December Genomics Thailand | > 8 Yy 'y 6 ]
2018 Steering Committee AT T I

Jan3th,2019 PM Approval of “Genomics Thailand” !|I|I|1 l,', ""L_' ' “““' "““' "““

March 261, Cabinet Approval of
2019 “Genomics Thailand”




§GENOMICS
THAILAND

Genomics Thailand = Future of Medicine

o
*  Genomics Knowledge Transform
®* Whole genome sequencing *  Prevention
(eloyasiaiugnssm) o Liegness

® Treatment

oL

Reproductive ® Neonatal screening
health ® Rare diseases

®* |nfectious Dz ® Cancer
®* ADRs ®  Non-communicable Diseases

*  Wellness

(5

@hdn nudiedanlusunsuunldily gene [(Frufudansensedin wazdadey)
Ansavariba addulsmeyls Fedinanlsrarls
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§GENOMICS
THAILAND

Vision

Thailand is leadier in Geomics Medicine in 5 years

Thail people have universal access to quality

Research and implementation Services

Research infrastructure

® Genetic database ® Health technology assessment

® Bioresource center ® Quality control

* Research plans and granting ® Regulations and guideline development

Data strategy
Ethical, Legal and Social Implications (ELSI) strategy

Human Resource strategy

Business promotion strategy

71



§GENOMICS
THAILAND

Flagship projects
50K Whole National National
genome Data Bank Bioresource

sequencing Center

72



Service plan

Now

Pharmacogenomics

Carbamazepine

Allopurinol

Targeted therapy

BCR-ABL in CML

f; GENOMICS
THAILAMD

Within 5 years
Within 3 years
®* Thalassemia screening (NGS)
Familial cancer screening

® Array based PGx screening
® National WGS 50K
® Rare Diseases

®*  PGx

(BRCA1/2 wag Lynch’s syndrome)
Trisomy screening (NIPT)

Targeted therapy

*  KRAS EGFR waz Bu¢
® |Infectious Diseases

® Maternal and child
care
®* NCDs

Whole genome sequencing of
bacteria (M.tuberculosis)

Pharmacogenomics for TB

73



https://www.who.int/whr/2008/

whr08 en.pdf

Primary care as a hub of coordination: networking within the community served and w
outside partners

Specialized care

Community Emergency Hospital
8 mental department
control | L AU / Maternity
. . centre Consultant Traffic
Diabetes clinic ™ Referralfor  SupPOrt Sicidant lem: Surgery
b multi-drug resistanc - Y praevia

Referral _lor : Hernia

Diagnostic services
CT :
Scan Train
Cytology
lab
Alcoholism
Waste disposal . h”
inspection Community Alcoholics
Environmental Mammography anonymous
health lab 2
Cancer Women's
Specialized screening shelter NGOs
prevention services L %M

GENOMICS
THAILAND


https://www.who.int/whr/2008/whr08_en.pdf
https://www.who.int/whr/2008/whr08_en.pdf

§GENOMICS
THAILAND

IVERMECTIN-PGx toxicity ABCB1

B
O compound heterozygote for two nonsense mutations:
AT RaT e | ABCEEE AT NC_000007.13(NM_000927.4):c.2380C—>T (a cytosine-to-
thymine transition in exon 20) and
NC_000007.13(NM_000927.4):c.3053_3056dellITTGA (a 4-
? bp deletion in exon 25)

/ 1

0

v Y AOCHD NS RMHISTATAB]  Uninown BCh s i s T a 13-year-old boy admitted to the pediatric intensive care
‘. o unit for impaired consciousness.
:\‘f ' Location of SNPs
& 8 . . . . .
3 % He had received a single oral dose of ivermectin (0.23 mg
: 8 = ‘_ : 8 per kilogram of body weight) to prevent scabies infection 2
T U Y LR NG S (K RIS %] (e hours 30 minutes before the onset of impaired
oseiposelsesbcossibesse AN LA MARMMBMMIRRIAIN - S7 fle-ssfsoseiessiitceciiveo MBIRAARENG MR TAR .
ol ,1,.'_'.1!%;&':‘&'«;.4 e e e R S R L) CONSCIoUSNESS.
£ & & & & ¢ cvion § & : . :
¢ 4 f . E “ i - His condition worsened 6 hours after he received
g P E R OINn ginnn ‘- g‘“‘ég’l xi ivermectin, with persistent neurologic signs, including coma,
: H Prodnitiiiit 5 § 25263’ ataxia, pyramidal signs, and binocular diplopia, as well as
"% g £ 5 B ggg’w‘g | ;??35 ¢ & {880 g Yoo abdominal pain and vomiting. He was monitored for 48
g § 8 & £38RREL22REIRQ g 8 & 2E88 ; ; ; ;
: bt | : Sggﬁgg, éw 11 : & B@,E g hours; during this period, he had a fluctuating Glasgow
Q& & & ol ROl 5 .. oo ] & ’1: lﬁ Q HI
et BELS LS SRERNEY: LW 3538 score and normal results on paraclinical tests. He fully

recovered after 48 hours
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Vaccine-induced Immune Thrombotic '\
Thrombocytopenia (VITT) V e

| PF4 SO
S LA AR = SR ‘ B | ke
MIALINAALRDAPNNN YR DALADADANUTINAE . f ot 3

nanassulngs AstraZeneca 4-16 qu

an ¢ ' G "t: PF-4/Heparin complex
aumRn1s seudw 1 :100,000-1:1,000,000 o ci‘g a4
o 2
aanaAaanunnae HIT 3.
&y
msaawu anti PF4/Heparin cpx antibodies | —
/ P P /_,*——- - ) i, A ) Immune complex binds
HlT /,// B cell \\\. //’ ) to Fc receptors
#5149 PF4/heparin cpx. / | oG \\( )
. % . . = a [ —"ﬂ/ Fc receptor}_"/ i P |
14 autoimmune HIT 4514 anti PF4/polyanions abs fignunsatna \ \'_ = o L~
\_\\_ = /»/ = *L,‘ b «ﬁ;:‘
cross reactivity N PF4/heparin cpx (Polyannions 171 DNA, RNA, S | vk
bacterial antigen) /_ S~ © o
Thrombocytopenia <€—— Platelet aggregation J . 0 ©
VITT anatfinann X, Microparticles ¢

* PF4/Polyanions cpx. \

* gdquaas spike protein uu APC #iuusiau PF4 vilsiasne anti PF4 =55 Thrombosis

S

Heparin-induced Thrombocytopenia

= . s ot The Journal for Nurse Practitioners
NN 1 TAUN. UNTIRY LBDUTELETT  Jolume 14 1scues, May 2018, Pages 402-408.3


https://www.sciencedirect.com/science/journal/15554155
https://www.sciencedirect.com/science/journal/15554155/14/5

uImMamsnane VITT

/ﬁ uasampdu 4-309u wuain1sisiviaaniaanannu

ﬂ‘é‘%tﬁ%’ﬂ’]ﬂ']‘ﬂ:ﬂﬂLLWV]é

. i

-~
inamdantiaandt 150,000/ul waz D-dimer gsiinidni waz/vidavaan
\RBARARAY
\\v
@ dams2a anti PF4/heparin antibodies ( screening test )unuan
9

daduilu VITTuazdemsaa Platelet activation assay salil

NN 1 FAUN. unTey LBalseiasg



Pharmacogenomics of vaccine response and
AEFI: HLA and immune response

 HLA-A*03:01 was associated with mRNA vaccine induced fever in Europeans

(Bolze et al, HGG Adv. 2022 Apr 14;3(2):100084)

Fever"

Chills*

Feeling unwell*
Swollen lymph nodes*
Nausea*®

Joint pain®

Fatigue®™

Difficulty sleeping
Headache*

Swelling

Muscle pain

Redness

Confusion or difficulty concentrating
Severe pain

Dizziness

Fast heartbeat

Other

Moderate pain

Pfizer-BioNTech

»
—r—i
—o— !
0.5 1.0 1.5 2.0 25
HLA-A*03:01 Odds Ratio and 95% CI

Moderna

0.5 1.0 15 2.0 25
HLA-A*03:01 Odds Ratio and 95% CI

>

r extreme difficulties

:
3

D

reaction symptoms

vaccine

07 |

06 |

o
o

°
kS

o

2

£ o0 ' i l i ' “ I * . ‘ I
Yor
ection Iedrc Plizer Pfizer hlev
Pfizer

7
6
5
4
3
2
1
0

By prior infection status B By sex c By age

HLA-Aallele |
|== 0 copies of 03:01
1 copy of 03:01

—ZCp of 03:01

hi

Pfizer Mox dem

Pfizer Moderr
| l
No prior  No prior Prior
infection infection  infection \n!ec! ﬂle, M demna Pﬁ ﬁze, Mo dema ﬁle,
PAi Modema  Pfizer  Moderr



Mentzer, A.J., et al. (2022) Human leukocyte antigen alleles associate with COVID-
19 vaccine immunogenicity and risk of breakthrough infection. Nature Medicine.
DQB1*06: higher anti-RBD and lower vaccine breakthrough, DRB1-71E/R

MHC Regional Association Plot
Phase 1/2 vaccine trial; n =585 Phase 2/3 vaccine trial; n = 637 104 +— HLA-DQBI*06
<
| : | 232
1222 samples submitted for 84 - i)
genotyping [ E &
==
RN 1 failed to produce scan -~ 64 E_a“
21 failed genotyping quality control .% P
=0
1200 samples successfully = 4
genotyped CiB  HIA-DRY  HLA-DQ
~
...... <
ey 115 individuals received control vaccine™® 24 g I | | |
P
lv "A’. Av '1".' .": ',
1085 ChAdOx1 nCoV-19 o i -
# : I ' 1 315 32 2.5 33
vaccinees | 6 7 8 9 11 ] 8 Chromosome 6 basc pair position (Mb)
Chromosome
[F i 9 samples failed data quality control » 100 B 00" s R2
=5, =%, T e g 100
i e TR R |
1076 vaccinees available for analysis ;; § =0 % % =0 n it *'*": * Variant type
b N + INDEL
0.0 00 - SNP
H ..5 -6 R2100
* P 3 P s E
_ ] Za 3 Zs :
7 breakthrough <22 days post-vaccine 112 breakthrough infections i %2 : %2 - e Variant type
. . * 41 symptomatic H o4 H St Yy
957 no breakthrough infections « & non-primary symptomatic s S m - ROEL
63 asymptomatic
= | =
T R I
3 [] 5 [} .
IR T 025
g %2 - E %2 Variant type
2 5 + .+ 4 @ + AA
HEE-FICER I 3 piad - v -3 - HLA

| HLA-DREI HLA-DORI | HLA-DORI

i

325 328 327 32825 7R 37 R35
Chramasome 6 base puir pasition (Mb)




Ittawut et al, Heart Rhythm . 2022 Aug 5;51547-5271(22)02266-4.
doi:10.1016/j.hrthm.2022.07.019.

% of individuals with SCN5A4 variants >

p-value : 0.003*
45
38%
40 (5/13) 4.7
5 (1.5, 14.5]
35 4.5
30 ’
55 e 3.5
g 3
20 g 25
- 12% 12% e 2
m;»{; (3/25) (378/3231)
(1/10) )
10 1.5 0.8 |0.3|.(;.5| 1
1 0.1, 6.6]
5 - = N -
0 0
SUD cases SUD cases SUD cases  Patients and SUD cases SUD cases SUD cases  Patients and
0-7 d after 8-30 d after before the  their parents 0-7 d after 8-30 d after  before the  their parents
Covid-19 Covid-19 Covid-19 with various Covid-19 Covid-19 Covid-19 with various
vaccination vaccination pandemic rare diseases vaccination  vaccination pandemic  rare diseases

5/13 SUD cases within 7 days after COVID-19 vaccination carried
SCN5A mutations (gene causing Brugrada’s Syndrome)
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Service Cancer

Cancer genetest kit Cancer biopsy Comprehensive cancer
inherited from blOOd gene teSting kit blopsy service Opened fU” MALa
(mu|t|_gene paneltest) (Comprehen5|\/e cancer pane|) Cllnlcal SerVICGS ssssssssssnsnannsnanannnnnnunnnnns)
° 1. ‘iw.&l“q?qﬁlf%ﬂilgﬂﬂiﬂ&l‘
: . 2. swadaenedszmmpansd

FY2020 FY2021

ManzIkaantaaditiibe

[
1. IN.NZ599Ua 5

o A database of common and high incidence o Database of cancer gene o Available Gene Mutation Databases o
carcinogenic gene mutations. in patients and  mutations in breast, colon and targeted anti-cancer drugs in cancer R
family members (breast cancer, colon, melanoma patients. (40 patients) patients who have been diagnosed and
ovaries, pancreas, endometrial) . treated (200 patients) AManans
(2,535 patients) ................................................... -9

1. IW.faT 10. yW.w3ztnunan
2. IWAWIRINIL 1. TWARIBTAIN Sy
3. IN5INFU 12, guiNziiITaY3
4. wawinial 13, IW.TAY3
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v Interpretation Analysis by experts in genetics and molecular pathology medication

v Reporting results and advice And report the results to the doctor within4 {‘?_“ﬂ‘ft.

v Creating a network of counseling
between hospitals.
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v’ genetics consulting to physicians and healthcare
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clinical cancer screening 82
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Service Rare & Undiagnosed Disease

Database of gene mutations in more than
1. sw.daolna
6,000 patients and relatives with Rare &
Undiagnosed Diseases . memefsnsounio

Thailand Rare & 1.

IN.ADUUN
Undiagnosed Disease
Network (T-RUN)

aNAanNag

00 patients
and relatives

A database of gene mutations in patients

and re sed diseases.
FY2020

o Development a prototype of accurate
diagnostic procedures among patients
with rare diseases and their families.

v 46% received a definitive diagnosis

v 44% led to a changein treatment

v 30% lead to a changein treatment
effect

o Networks of Thailand Rare &
Undiagnosed Disease Network (T-RUN)

2,958 patients
and relatives

A database of gene mutations in patients

and rel d diseases.
FY2021

o Development of rare disease
diagnosis, referral system, results
analysis, result notification, genetics
consultation to T-RUN network.

o Developing Rapid NGS in Patients
with Idiopathic Acute Severity

v 55% were able to give a diagnosis.

v 52% affected changein treatment
o new knowledge

3,000 patients
and relatives

A database of gene mutations in patients and

relativg diseases.
FY2022

o Optimize-Effect of the rare disease
diagnosis process
v' Provide genetic counseling for 152

families (456 cases)

o expandingthe network of care and
referring patients

o Develop Variant Scientist

o new knowledge
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PTENis importantin regulating the
growth and ossification of dental pulp
cellsand the adipose cell development

L of adipose-derived precursor cells.
New disease-causing gene 7/G/T S

revealed, causing severe symptoms
in COVID-19 patients

Thai people have a gene
related to againstinfection and
The severity of COVID-19

(N ew genetic variants in the NEUROG3
gene have beenfoundto cause a new,
previously unreported kidney

f Mutation of the L 7BP3gene A

causes abnormal dentin and
abnormalities of the heart

J

The YEATS geneis
associated with
neuropathy

vseptum
The L/LRB1gene was A

identified as a new
pathogenic gene that
causes autoimmune
disease. )

The MYEF2geneis
associated with Addiction to
marijuanain Thaipeople

S condition. —_—

least 3 genesthat cause drug response.
different from most people

g . .
Thai people have genetic variation in at %P U b I I C Q'l'l o n s

A mutationin the BRCA/Zgene was
foundto have a 57-80%risk of

ovarian-breast cancer in Thai people.

An association of sudden death after

Thai people have specific genetic
material positions related to
chronic hepatitis B

Mutation of the 5. C4A4gene
causes corneal degeneration in
patients with Harboyan syndrome

vaccination with COVID-19 was found
with variants in the SCN54 gene that
cause Brugada syndrome. )
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Genome
Processing
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Human Genome Data Bureau
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Software IBM Aspera 500 Mbps
2x DGX A100 8x Web/Database servers @ IBM Aspera® High-Speed Transfer Server

PIPELINES

DeepVariant N Denovo
Germline R o R Mutation

55 S

2x Fat nodes
(192 cores/3 TB Mem)

Germline

HPC Storage 3000 TB

== 1 i

1x Fat node
(224 cores/3 TB Mem/12
TB NVMe)

2x Buffer Storage
500 TB

éGENOMICS
THAILAND

3 Petabytes Storage
IBM Aspera High-
speed Data Transfer
500 Terabytes Buffer
storage
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Achievements & Progresses of Genomics Thailand

(as of 21 June 2023)
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NSTDA

THA?

Omics i S
Human \@
Genome Data
e e National Genome Data Center
Whole genome
sequencing mre B

Thailand Genome Sequencing Center ——

pai edi

DNA Exiraction

2 ’ 58 Center

National Bio-resources center
Participants Department of Medical Sciences

Recruited
40 Clinicalsites /
154 Research Projects
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Rare disease

Cancer

Non-Communicable diseases
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Infectious
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Genomics Thailand Clinical Network

26 Clinical Site/15 Hospitals

A

22 Clinical Site/16 Hospitals
A
A
18 Clinical site

Sciences Institute _®



2563 p3adnsaantiuisenieadin: aandldiuddenan 18 uue

- o . AARZIUDDN
Javin N1ALAUD R HENVUR

-
?JE]‘L!E‘L!
mmau@u

AN AIANAIN ‘ SW. UASHAE

Fol ARzUdIE
1.1 Fe T4l

nsuIvendahInisuwhe

y ALTUNTEY F35nenuna
ABLUNTE W
ARISUWNEY 57317

AnenFouwtie sw.nszueng
UATUIEN Anzunwhg w0, eadhy

AMANZIUBDN

999 JT1ﬂﬁ£]

ﬂﬂJgLLW‘I@“’I

11.49va1uASung




2564 3nihesaniuidemeedin: doidanAdevan 18 uus waz 1a5aghe 15 W88 [ | sesriusen
IININ

L RY9LUD

ANALALD

‘ NN A1IANAY ‘
AIZUNNE

nsuingnandnisuwhs SN, uAsTikd

- - - ) u.vaulidy
aqummwmn@wm Foldl AnuzuwhE Y
- Ledvauld
SN.51%99 N.L‘?Iﬂ\ﬂ@ 'i‘W.ﬂ VIULIU
e bad AR UATIIVEUN
< <
ool i
sfuhd n.duh3
Snendeunng TWNTZUING Ferere e Ferere
iw.La%ﬂﬁaEmEau mwﬁ@; sw.mwﬁﬁ;
SW.A1579 v @
9970 ﬂ’]ﬂm
ARIzUWNEY uAn. pansh
ﬂiugLL‘W‘IB"’I o
R AANZIUDDN
u.awmumuﬂ

= =
F1YYS IN.51YYT

A39 IN.AF
GE TW.ANG
unsAs v o

a.288andal

933UNY iweuacu%



2565 i3adheaniiuisenisadiin: datiudanddevan 22 duts uaz 1a5a2e 16 WA [ | essiuesn
‘ IININ

- LRYUNUD
A9%IN ANANAIN ANALKUD

‘ NN

ﬂmzLL‘Wﬂ“’l

s, uAsHEa
u.mau@u

Foalal AnzUNHER
. el

UUNY3 nsuAngrmahdnisuwhs

% < a
ﬁﬂﬁﬂuﬁfﬂﬂﬁwmﬂl@ﬂ U9

sw.alevouldy

SN.51%70
IN.UKRTIINY *

” . Ussynyasid % UASIIYENN K

s il e s . [ douidn s1.doe15n
. : P

— BT

ﬁﬂ']UUNgLSQM\Tsmm

SW.A1529 ﬂmzLLW‘i@“l

a v
s19NedeaKInial 1.49vauASund AANZIUDDN

UATLIEN AU A0, BeAThy N3 IN.AT9
BN NN
S1UYS IN.S1VYS -
' : UATAS N
4.988an
A4NIEIAT IW.AYNIAAT 533UINY

IN.YAYS



2566 a3hahsaantuisenienadn: danvdiuddensn 26 b wag 1asadne 15 huts St mangiuean

= =
bRUILAUD

AANANY ‘ ‘ fwia | A1Awile ‘\

ﬂﬂJ%LL‘W‘I@‘”I
N.%BNE‘U

sw.alevouldy

ﬂiuaﬂﬂﬂﬂﬂﬁggﬂﬂiuw{ﬂ

s, uAsHEa

Fol ARzUdIE
. el

. IN.LYB95Y
Wee318

inmmiﬂ@

W | AMARASIUAN | T
ﬁu‘E iw@%u‘ﬂ **
NYAIUYI szt ~ ~
coin | mreld -
R VKN ﬂr]ﬂ 3 : 3
SN.A1579 v
i NMANSIUDAN ‘&I‘Vi']ﬂ']iﬂ’]&l U.UNE15A Y
ADIZLINNE

9 ingrdeauindal

- . A9vaIUATUNT
N3 IN.AF9
VYT IN.IIVYI UASAI < &l IN.YAYI
1.3888N :

533U3NY



7

) P 524 -
(o) -V R b, ~ g
| { o
agﬂmmummaum@@wiman'1'5 R s GENOMICS
(,/ \ [ ™~/ Nan
. g . 93f> 1119/ § 95 | THAILAND
YILUNATUINKIN t € 7 , S o ~— PO
s , O nsangAEASNISUNN
- ’\QJ \ - . L - \.,_l‘/{ M f{ g ,\\ Department of Medical Sciences
H;."ﬂ U\\ S \LM,‘*{"W!“\.\},\,‘Nci\Aq)
: .

; i
192; (/ b\'/" W \,J-
;A 'iwi 346 ) 3077111/ 69 |
% 1N \ L

28,771

\_,\] 114 /.‘,:_; < /, ) L.,-M,J., .
ST -2 L U o T 3 283
A S of 217 £8TLG 215
- 257 B33(_ [ 192) L { ) (
g g0 b 5 Gt " '
YA & IUN 31/5/66 ol s
" el :
*"/"'»1\‘4‘_ \\"‘\L\} 175‘
322 _/N\‘ /f“é?s L
R 715
193 ’f) 282 ) 427
‘ 1 ) o
ey (k
5115
183 ;
S
1135
“
Pl
/
,4)
"o
i 21s é
562 J
e
p 125 &
N &
<Y ('é 3
214 X 259\
e
_/'ivw"
O
95 i
et
s



aqﬂa‘imwmmaﬁm@@m‘[ﬂsam's
ALUNAIUIIAIAN
>1000
500-1000
100-500

11-100

0-10

NSUINLIAINASNIS NS
Department of Medical Sciences

9

GENOMICS
THAILAND



Y9N = 0

GENOMICS
THAILAND

NSNAINLIAIFASNISWNE
Department of Medical Sciences



¥ sz % ¥ GENOMICS : 3
LY oM Example: Isawmmaqiuﬁ

<
NANLIA: U39
QI < (Y} &
lsULNUAae9:ld 2565
AMUIULAE: 58 519

nsuAngnAaadnisuwng auayy

* 19N&@1SLASINAS

T‘““"“‘“ﬁ““% Il s * aUntallanviten / Jandinanu

2 SURIN HOSPITAL

=]

* A1s9ndssiag e ussuulUswele ng

O

*Lemauunueanaing/unnel/eianziten

AIUTLATINITANNUA



\ PLS

GENOMICS |
§ Lol Isawmmaasuﬁ

suiuaulnaddnueide sw.giund
uwinel:

1. unde vee 2. unladude Beetiundvs
WETUA: 91U 3 AU

ldniigsnns: dwau 3 Au
& Mﬁﬂﬁ%ﬁ’mﬂ’miﬂﬁﬂﬂ’]’ﬁU'ﬁ%ﬁT’]ﬁW.*

___JL.l/

- 1 [ § ]




GENOMICS
THAILAND

S

Implementing Genomic Medicine into Healthcare




Achievements & Progresses of Genomics Thailand

(as of 28 April. 2023)
12,292

4 Human Genome

12,703 Data
National Genome
3 Whole genome Data Center
21,729 sequencing

Thailand Genome
2 DNA Sequencing Cem‘er

25 ,23 7 extraction

Nafional Bio-resources NW

‘I Participants center
Recruited Department of
36 Clinical sites / Medical Sciences

154 Research Projects
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2023: Update

* Returning results from Genomics Thailand
* 90% of WGS results had PGx variations affecting drug metabolism
* How to returning results and integration to PHR
e Rare PGx mutations (in 15,000 samples)

* Updated to TB cares
* NAT2 genotyping in Region 1/Region 2/Region 5/Region 7/Region 8
e TDM in region 1 (working with CMU)

* PGx guidelines & new service models, preemptive PGx
e Consortium of Faculty of Pharmacy
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