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Source: Riley (2005), Clio Infra {2015), and UN Population Division (2019) Our'WorldinData.org/life-expectancy e CCBY

Note: Shown is period life expectancy at birth, the average number of years a newborn would live if the pattern of mortality in the
given year were to stay the same throughout its life.
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Note: Children per woman is measured as the total fertility rate, which is the number of children that would be born to the average
woman if she were to live to the end of her child-bearing years and give birth to children at the current age-specific fertility rates
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RESEARCH ARTICLE
Economic impact of medical genetic testing
on clinical applications in Thailand

Jiraphun Jittikoon', Sermsir Sangroongruangsei’, Montarat Th ch ap™,
Natthakan Chitpim”, Usa Chaikledkaew 7+

1 Deopartment of Blochemistry, Facuty of Pharmacy, Mahicol Univorsity, Bangiok, Thadana, 2 Socid
Administative Pharmacy Division, Dopartment of Phasmacy, Faculty of Phasnacy, Mahidol Univorsity
Banghok, Thaland, 3 Mahidol Universty Hoalh Technology Assesament (MUNTA) Graduate Program
Mahicol Univars Ry, Banghok, Trailand, 4 Sccial Economic and Adminkstmtve Pharmacy (SEAP) Gmduate
Program, Depaniment of Pharmacy, Faculty of Pharmacy, Mahidal University, Bangkok, Thaland

Abstract

Background

Although the clinical benefits of medical genetc testing have been proven, there has been
limted evidence on its economic impact in Thai setting. Thus, this study aimed to evaluate
the economic impact of genetic testing services provided by the Center for Medical Geno-
mics (CMG) in Thailand

Methods

Cost-benefit analysis was conducted from provider and societal perspectives. Cost and out-
put data of genetic testing senvices provided by the CMG during 2014 to 2018 and published
literature reviews were appiied 10 esImate the costs and benefits. Monetary benefits related
10 QENetic 1esting services were derived through human captal approach

Results

The total operation cost was 126 milion baht over five years with an average annual cost of
21 million baht per yoar. The net beneft, benefit-to-cost ratio, and rétum on investment were
5477 millon baht, 43 3mes, and 42 times, respectively. Productivy gain was the highest
proportion (50.57%) of the total benefit

Conclusions

The provision of genetic testing seqvices at the CMG gained much more benefits than the
cost. This study highlighted a good value for money In the establishment of medical geno-
mics settings in Thailand and other developing countries.
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Genotyping of Genetic markers
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Whole Genome Sequencing, Analysis, and Interpretation in Healthy person
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Overview of the Human Genomics Workflow

Alignment
Sequencer & Variant Calling

1
Quality Control

J\ )

Y |
Primary Analysis Secondary Analysis Tertiary Analysis

Reference: Storage Networking Industry Association in “Moving Genomics to the Cloud: Compute and Storage Considerations” INAC2027"5
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The "NEW” world — On prem / cloud based

Compute system Parallel File Systems
CPU or CPU/GPU * Lustre

>>> * Spectrum Scale

Data Management
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RDMA =y RDMA é\

S50
Data placement e
RoCE C{:}D Data movement RoCE Zero Watt Storage
/eisingshar o =) -
glelele

TCP TCP ] 2 @
elelele

I

( ) Cloud Storage

Tape

Data Lake
(e.g. Ceph)

SCM Hybrid systems
(e.g 3D Xpoint) (NVMe and HDD)

Single Virtual NameSpace

Compute l

Archive

Source: Storage Networking Industry Associationin “Moving Genomics to the Cloud: Compute and Storage Considerations”
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Examples of Cloud Service Provider

aWS V4 A Azure C‘)

Alibaba Cloud

Google Cloud
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The Sequencing App Store
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& 1 i ESEROAD M gionanomat

Nanostring Picard Genome RNA Seq Barcoding Slicer

Apps HIV Bacterial Pipeline Scale DNA Strand 454 Gel dBase

"”"ﬂ?lﬂ’ Methylation Specific ”
FeammsiMaih. ﬁ},u_n AD E;tl:w\_l) L ~§ E,,',.f(:.\{» EH""“:' EI'.'I

Microfluidic LIMS Automated [l Assembly Hybrid Microfluidic RNA Seq
Shearing Reporting Pooling Grade LC Selection Lysis Normalized
Tableau

B BROAD EH\()\I) [ BROAD [ BROA [ BROAD [ BROAD

Internal Nexterra Automated Microbial
Controls qPCR uencmg DNA Extncuon

Source: Timothy Stockwell (JCVI) Vivien Dugan (NIAID/NIH) in “I have all this data — now what? Introduction to Bioinformatics
Software and Computing Infrastructures”
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Input Analysis module Output

Gene diplotype

GU'DEL'NE | Phenotype/ Metabolizer status

VCF
(BAM for » Allele prediction of genes having CPIC guideline recommendation
CYP2DE6) . CPIC drug dosing guidelines | with guideline strength

Predicted HLA allele
HLA Related drug & adverse drug

= HLA allele prediction and reporting of Bersoss)

Search | |

(] Guideline Q HLA O PGx O Analysis details Date created

Related disease & ethnicity
the associated ADRs CPIC guideline recommendation (if

available) with guideline strength

March 16,2021, 11:17 am

March 9, 2021, 348 pm

Known/ Novel variant

=  PHARMACOGENES Varnt e

z Variant effect prediction in pharmacogenes Consequence

Impact level

March B 2021 103% am

March 8, 2021, 10:15 am

March 5, 2021, 357 pm

6 Sampled o Commiriotet R Maech 1, 2021, 420 pm
7 Sample? L] Wating for input March 1, 2021, 4:10 pm
. o .
National Biobank of Thailand
NB 8 Sampled ° Watng lor mgt ( | Feb 1,2021,.224pm

@ThaiBiobank - Mg UNBNS
9 Sampled L] -prtatodt Jan. 27,2021, 1:42am
10 Sample10 o Complot H Jan. 27,2021, 1:39am

'‘g0fdepoooneg

Showing 1 10 10 of 44 entries 1 2 3 < 5 Next
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PharmVIP: A Web-Based Tool for Pharmacogenomic Variant
Analysis and Interpretation

Jittima Piriyapongsa **, Chanathip Sukritha !, Pavita Kaewprommal !, Chalermpong Intarat !, Kwankom Triparn ?,
Krittin Phornsiricharoenphant f, Chadapohn Chaosrikul ¢, Philip J. Shaw 3, Wasun Chantratita?,
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Abstract: The mcreasing avalability of next generation sequencing (NGS) for personal genomics
could promote pharmacogenomics (PGx) discovery and application. However, current tools for
analysis and interpretation of pharmacogenomic varants from NGS data are inadequate, as none
offer comprehensive analytic functions in a simple, web-based platform. In addition, no tools exist
to analyze human leukocyte antigen (HLA) genes for determuning potential risks of immune-med;-
ated adverse drug reaction (IM-ADR). We describe PharmVIP, a web-based PGx tool, for one-stop
comprehensive analysis and interpretation of genome-wide variants obtained from NGS platforms.
PharmVIP compnses three mamn mterpretation modules covening analyses of pharmacogenes m-
volved i pharmacokinetics, pharmacodvnamics and IM-ADR. The Guideline module provides
Clmucal Pharmacogenetics Implementation Consortium (CPIC) drug guideline recommendations
based on the translation of genotypic data in genes having guidelines. The HLA module reports
HLA genotypes, potential adverse drug reactions, and the relevant drug guidelines. The Pharmaco-
genes module 15 employed for prionuzing vanants according 1o vanant effect on gene function,
Detailed, customizable reports are provided as exportable files and as an interactive web version.
PharmVIP 15 a new integrated NGS workflow for the PGx communuty to facilitate discovery and
clinical application.

Keywords: pharmacogenomics; vanant analysis; web-based-tool; next-generation sequencing;
allele prediction; CPIC dosing recommendation; HLA; adverse drug reaction; vanant effect
prediction; bioinformatics
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AKT1 EGFR
ALK ERBB2
AR ERBB3
ARAF ESR1
BRAF FGFR1
CHEK2 FGFR2
CTNNBT FGFR3
DR2 FGFR4

Hotspot genes
FLT3 KRAS
GNAT! MAP2ZK1
GNAQ MAPZK2
GNAS MET
HRAS MTOR
1DH1 NRAS
IDH2 NTRK1
KIT NTRK3

Oncomine P

PDGFRA
PIKSCA
RAF1
RET
ROST
SF381
SMAD4
SMO

Pan-cancer

an-Cancer Cell-Free Assay

Tumor suppressor gones |

APC CCND?
FBXW? CCND2
PTEN CCND3
TP53 CDK4
CDKB
EGFR

52 genes

Single library from DNA and ANA
272 amplicons

>9800 hotspots and indels
Extended coverage of TP53

96 fusions

12 CNVs

MET axon 14 skipping

CNV gones

ERBB2
FGFR1
FGFR2
FGFR3
MET
MYC

Gene fusions

ALK FGFR3
BRAF MET
ERG NTRK1
ETV? NTRK3
FGFR1 RET
FGFR2 ROS!
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¢~ Augdluumonisuwng e sosirsiom R SAMPLE REPORT

270 nuuws:s1U 6 fuwryiln saBInd nsenw 10400

p. I

CENTER FOR MEDICAL GENOMICS +66(0)2-201-1251 A0 6718, +66(0)97-115-7380
Name Ms. Jane Doe Hospital Number 3609xxx Sample ID CB12-1880.50x¢
Sex Female DOB 8/11/1949 Age 69 yrs.
Type of Specimen genomic 2 x 15 um sections of artificial FFPE tumour, >50% neoplastic cells; no microdissection performed
Referring Physician Clinical Oncologist Hospital 5727506
Date Specimen Obtained 15 January 2018 Clinical Information Ms. Jane Doe has developed high grade serous ovarian carcinoma, Her disease is
Date Specimen Received 17 January 2018 platinum sensitive and she has relapsed. BRCAT and BRCAZ testing is reguested to establish # the patient will
respond to PARP inhibitors theragy.
Date of Report 6 March 2018
Test(s) Requested: BRCA1 and BRCA2 testing for somatic mutations”
Results:
. GMAF Thai MAF
Function | Variant Allele Depth COSMIC Variant
Genels) dbSNP Detected Variant (s) Genotype (1000 (n=224
Change Freq (%) Coverage s database classification
Genome) Exome)
NM_007294.3
1175 1211detTeTTAG | T ONT
e A CCCCATCATGT | Frameshift Likely Pathogenic
BRCAL NA GTTCTGATGACTCACATG ; 41.18 7,265 NA 0.000 NA
: GAGTCATCAG | Deletion Tier IA
ATGGGGAGTCTGA, S
AACCTAACA
pleudnzfs
“Only variart that has evick of pathog Y ding to ACVG Guideline 2015 was reportod. NA: Not Avallable

Interpretation: Pathogenic vanant (BRCA1): €. 1175 1211delTGTTAGGT TCTGATGACTCACATGATGGGGAGTCTGA, pileu392is) is a deleterious somatic mutation in this patient.

Recommendation: PARP inhibitor recommended for deleterious somatic BRCA1/2 mutation is LIKELY to benefit in this patient.

In addition, based on the percentage of variant allele, this deleterious mutation might be germline mutation in this patient. BRCA1/2 testing for germline mutation {targeted
mutation analysis) is recommended.

GENOMICS MEDICINES : THE FUTURE STARTS NOW JN A(2022 [ ]
“u

Genetic counseling is highly recommended to discussion the implications of this test report. 2 CMG-AS-SO-61-x00x .ITh NSTDA Annual Conference
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Multiple suppliers Extensive Hiring more
training staffs

Difficult to learn
and manage
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Automated, end-to end NGS in

as little as a smgle day®

|
True end-to-end solution \

i\ 0 Fast \
' \ Simple
\ l o I
A & Sample-saving

All from one supplier

Library ) ncin Data Ranartine
preparation equencing >y ... sis

Nucleic acid
purification
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Genomic &
Personal Clinical Data

Genomics Medicine
The future starts now.
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CENTER FOR MEDICAL GENOMICS
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