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Biomarker
Discovery

(Candidate gene, GWAS-NGS)

Preclinical
Validation

(Molecular, Cell, Animal)

Clinical
Validation

(Healthy subjects)

Clinical
Validation

(Patients, Outcome)

Clinical Utility
Validation

(Algorithm, Cost-effectiveness)

Clinical
Implication

"Hi0|207] L=l AMFE
ASHUA SN T F7(0l 2H 7|H7IES

TSI U= I 2=, FH

Novel gene biomarker exploration

Candidate gene approach — Response pathway
SNPs / Expression profile

CNV, regulatory, epigenetic

Evaluate functional changes of biomarker
Molecular based

Cell based

Animal based

Small scale clinical trial in healthy subjects
Proof of concept trial
Translational research : PK/ PD study

Large scale, clinical response (outcome) in patient population

Retrospective, prospective study
Replication study for the GWAS approach
Confirmed trials

Development of predictive algorithm
Large scale, prospective, and randomized trial.
Comparative effectiveness

(genotype guided vs. traditional )
Cost-gffectiveness or cost-utility analysis

Regulatory approval of biomarker / diagnostic tool (IVIVD)
Labeling of PGx information in the product
Genotype-guided pharmacotherapy

Ethnic comparison

Health insurance education
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- Leading Personalized Medicine Service
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(Personalized Therapy)
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(Drug Developmental Science)
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(Genomics) (Proieomics) (Metabolomics)
SNP/Ht/LD Map Expression Profile PD/DMPK
Functional Genetics Molecular Signaling Drug/Phenotype
DNA Biomarker Protein Marker Metab. Marker

UMby S ot
(Preclinical ADMET)

Metabolism Phase 0
Transport Phase | Trial
Preclinical PK IVIVE

AUa7|d7 = HR
(Clinical PK/PD)

PGx Core lab
DMPK Core lab
PGx DM Core lab
CRC Team
A
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Local Expertise, Global reach
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: microdosing, FIH, BA/BE, Drug Drug Interaction, PGx-based PK study,
Clinical PK/PD, modeling & simulation, PK in special populations etc.

SEQHAATA / SHHEY FofY

ABI 7900HT Real-time PCR, Pyrosequencer,
ABI 3130 Genetic Analyzer, Teccan auto prep, Phosphoimager,

Ultracentrifuge, Gel Doc. &

USCHARE MY / A4ZEM T0iY
API 4000, Qtrap 4000, 5000 LC/MS/MS
Waters Quattro Premier XE LC/MS/MS
Agilent 6410, 6530 TOF/MS, HPLC, UPLC
Sample oxidizer Model 307 &

HIO|2WI /A2 2 / o MFYHHTA

Deep freezer, Nano drop,

2D bar-code reader

DB Server, UPS
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Integrated Interpretation & Application

Drug-drug interaction, Animal safety and modeling & simulation
efficacy, Rat ADME study
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Preclinical Stud .
— Lead y Phase Early %"tﬂ'g;i'
Optimization . . 0 Phase1 .
\ P In vitro DMPK // Animal Study .
y NE270| %|X5} In vitro/ in vivo animal 0|28 Z1eIA o1 £7|AI- translational research,
’ 4 — CHAOEN, (HAe], HEsE, gt Me el aop microdosing, FIH, DDI potential (cocktail),
/ USNY HIL S - in vitro metabolism/ transport study, PGx-based PK study, animal PK/PD, PK/PD
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Drug absorption

otx0| =2IL|c}

Caco-2 cell permeability test

Permeability test Permeability test Hepatic excretion

Cryopreserved hepatocytes uptake

Sandwich cultured hepatocytes

Renal excretion

LLC-PK1 cell permeability test

Protein binding Plasma protein binding

Equilibrium dialysis, ultrafiltration

Metabolic stability

Metabolic stability (hepatocytes, microsomes, S9...),
plasma/blood stability

Metabolism study

In vitro metabolism
Metabolism

Reaction phenotyping and kinetics :
P450s, UGTs, non-CYP Phase | (FMO, MAO...)
Enzyme systems (microsome, recombinant enzymes, S9, hepatocytes...)

Species comparison (monkey, dog, rabbit, rat, mouse...)

Pharmacogenetics study (CYP2C19*10, 2D6*10B, 4F2*3...)

Met ID

Metabolite profiling and Met ID

In vitro Transport Identification of transport system

Transporter study study

Vesicle-based transporter assay

Uptake transport screening in overexpressing cells or oocytes
(OCTs, OATs, OATPs, NTCP)

Efflux transport screening in overexpressing cells
(MDR1, BCRP, MRP1, MRP2)

Cryopreserved hepatocytes uptake

Kinetic studies (K , V. ., intrinsic clearance)

Pharmacogenetics study

0CT2A2708S, OATP1B1*15, NTCP*2, MDR G2677T/A, BCRP Q141K

Inhibition

Screening of inhibitory potential of P450s(cocktail method), UGTSs, Transporters

Estimation of IC,; (K) value

. Time-dependent inhibition
In vitro DDI

IC,, shift assay, Estimation of K and K, value

‘nact

Reversibility assay

DDI Study

Induction

Reporter assay (PXR)

mRNA expression level in human hepatocytes (P450s, UGTSs, Transporters)

Protein expression level in tissue (P450s, UGTs, Transporters)

In vitro to in vivo prediction

IVIVE prediction

Linearity / Bioavailability

1V/Oral administration PK

Mass balance

Radio-labeled compound PK

Preclinical Distribution

Tissue distribution (brain, liver, kidney...)

study B
Metabolic profiling

Metabolite profiling and Met ID

Biliary / Renal excretion

Bile cannulation

Preclinical Prediction
of Human PKs

Microdosing study of hot compound and cold compound

Allometry

Physiologic Based Pharmacokinetics

Early Phase
Clinical Phase | study
Development

Pharmacologically guided dose escalation

Human mass balance (cold/hot compound)

Absolute bioavailability

Drug-drug interaction potential study (cocktail study)

Mechanism based drug-drug interaction study

Genotype based ADME study

Special population study (Renal/Hepatic dysfunction, Elderly, Gender)

Bridging study

Biologics

Pharmacokinetics/
Pharmacodynamics

Non-compartmental/Compartmental Analysis

Population Pharmacokinetics/Pharmacodynamics

Dose-Effect/Concentration Effect analysis

Development of Biomarker

Preclinical study
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- Key Technology Platform
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CYP2A6 Full sequencing, Pyrosequencing, SNaPShot—GeneMapper software
CYP2B6 Full sequencing, Pyrosequencing, SNaPShot-GeneMapper software, RFLP
CYP2C9 Full sequencing, Pyrosequencing, SNaPShot—GeneMapper software, TagMan assay, HRM
CYP2C19 Full sequencing, Pyrosequencing, SNaPShot-GeneMapper software, TagMan assay, HRM
CYP2D6 Full sequencing, Pyrosequencing, SNaPShot-GeneMapper software, RFLP, AS-PCR
CYP3A4 Full sequencing, Pyrosequencing, SNaPShot—GeneMapper software, RFLP, HRM
CYP3A5 Full sequencing, Pyrosequencing, SNaPShot—GeneMapper software, RFLP, HRM
%ﬁ% E—]' lelA UGT1A1 Full sequencfng, Pyrosequencing, HRM
TPMT Full sequencing, Pyrosequencing, RFLP
SLCO1B1 (OATP-C) Full sequencing, Pyrosequencing, HRM
MTHFR Full sequencing, Pyrosequencing, HRM
VKORC1 Full sequencing, Pyrosequencing, SNaPShot—GeneMapper software, HRM
HLA-ABC Full sequencing, SBTengene Software

ABCB1,ABCC1, ABCC2, ABCG2, ADH1B, ALDH2, APOE, CDA, DCK, CYP1A2, CYP2C8, CYP2J2, CYP2S1 CYP3A7, CYP4F2, CYP7A1, CYP19A1, NRIH3, NRIH4, NROB2, NR1I2, NR113, NR2A1, OPRM1,
HIF1A, P2Y12, POR, PROS1, SCN1A, SLC10A1, SLC10A2, SLC22A1, SLC22A2, SLC22A3, SLC22A6, SLC22A7, SLC22A9, SLC28A1, SLC28A2, SLC28A3, SLC29A1, SULT1AT, SULT1A2, SULTIET,
TYMP, TYMS, NAT2, UGT1A3, UGT1A4, UGT1A5, UGT1A6, UGT1A7, UGT1A8, UGT1A9, UGT1A10, UGT2B7, UGT2B15 etc.

[ =2 AM Y RTFHMY Pubmed 281 & E 2! 1000 genome CiO|E{ H|0|A &, Exome sequencing HIO[E 2&

ST 2 N IR 270 XE ST BAY Y

Haplotype %! LDEA] Haploview Analysis, Seattle SNPs Analysis, SNPAlyze

SNP H0] 7|S0IE 24 Polyphen, SIFT, BLOSUM etc.,

SRR U Y B 2V Real Time PCR
CNV ProbeE 0[&7% Real Time PCR
DNA, RNA 2f 4% QC -Nanodrop, Bioanalyzer
IR HSE ISt ME gt
EBV HIO[ZAS 0|85}0] EHo2!
Git Project 444 & A X% 2D

o | 1x

AT X1 Mu|A

Copy number 244

Zixt 24 4= 2 control 22

40

A1 X g
27 2 el SE Immortalized cell line A& % 22| (R 24 control X2 AIE)

"QE A'AEH X‘lS’. OHx“XIA Egﬂ =Y ix1g LH=T Hat

re

22 xo)

o M A 2|

ST [y QXX 22

Che 2bE =9 Azst 3 ak=stof 20 5h=
FDA Valid Biomarker2 X|H=!

SEit 22

=4
4

AE Z 2% oIS 23 [t
st Warfarin CYP2C9:+ VKORCH, CYPAF2
SHEAEH| Aspirin, clopidogrel, prasugrel CYP2C19, CES1/2, ABCB1, SLC22A, P2Y1/12, COX1

Atorvastatin, Fluvastatin, lovastatin, Pitavastatin,
Pravastatin, Rosuvastatin, Simvastatin

CYP2C8/9, CYP2D6, CYP3A4/5, ABCA1,ABCB1/11, ABCC2, ABCG5/8, SLCO1B1, SLCO2B1, SLC10A1/2,
HMG-CoA reductase, CYP7A1, APOA1, APOB, APOE

O R=A| ) ' ' '

L DjIIER| Fentanil, Alfentanil, Propofol, Morphin, Codein CYP2B6, CYP2D6, CYP3A4/5, UGT1A1/6/9, UGT2B7, ABCB1, ABCC2/3, OPRM1
SHEAZT| Haloperidol, Risperidone, Aripiprazole, Olanzapine,Quetiapine, Ziprasidone, CYP1A2, CYP2D6, CYP3A4/5, ABCB1, DRD2/3/4, 5-HT1A/2A/2C, 5-HTT, COMT
Edadatd Chlorpromazine, Clozapine,Atomoxetine, Fluoxetine HCL Clozapine toxicity-HLA B/DR/DQ, HSP 70, TNF
2HIIHH Alprazolam, Diazepam, Etizolam, Lorazepam, Midazolam, Triazolam CYP2C19, CYP3A4/5, UGT2B15
stoo Amitriptyline, Bupropion, Citalopram, Fluoxetine, Imipramine, Mirtazapine,

°T§xﬂ Nefazodone, Nortriptyline, Paroxetine, Sertaraline, Trazodone, Venlafaxine CYP1A2, CYP2C19, CYP2DG, CYP3A4/5, SLCGA2/4, ABCBT, ABCC1, SERT

SEX{7H Carbamazepine, Clobazam, Clonazepam, Lamotrigine, Phenytoin, X nx

SHHZEA| Valproic acid, Zonisamide CYP2C9/19, CYP3A4/5, UGT1A4, UGT2B7, SCN1, HLA-B, HLA-B*1502, GABA receptor
Azathioprine, Capecitabine, Carboplatin, Cisplatin, Cyclophosphamide,

_ Ifosfamide, Methotrexate, 5-FU, S-1, Cytarabine, Gemcitabine, 6-MP, 6-TG, TPMT, DPD, CYP1A1, CYP2A6, CYP2B6, CYP2C8/9/19, CYP2D6, CYP3A4/5, GST,

g*—’,-;—?;xﬂ Paclitaxel, Docetaxel, Etoposide, Irinotecan, Nilotinib, Doxorubicine, ALDH1A1, TP, TS, UGT1A1,ABCB1/3/11, ABCC1/2, ABCG2, SLCO1A2, SLC19A1,
Imatinib, Gefitinib, Trastzumab, Busulfan, Dasatinib, Elrotinib, Cetuximab, SLC21A19, SLC31A1, SLC28A1/3, SLC29A1/2, c-Kit, HER2, Ph1, EGFR, KRAS
Panitumumab

SHfIAEZZIN| Tamoxifen, Anastrozole, Letrozole CYP1A2, CYP2C8/9, CYP2D6, CYP3A4/5, CYP19A1, ER
ssiom ﬂ:i‘r?g”r’i'|°'|:§s’2r’3(;"°"gisgﬂgsd"°" Captopril, Enalapril, Fosinopril, Imidaprl, oy x5 cypaco, CYP2D, CEST, ABCB1, SLC15A1/3, SLC22A6/7/8, SLCOTB,
SL=H pril, ’ AGT, ACE, AGTR1/2, BDKRB2

A 2l ORATH)A A1 Albuterol, Formoterol, Salmeterol, Terbutaline, Isoproterenol,
":i ’:ik = élﬂﬂ Aminophylline, Theophylline, Ipratropium, Montelukast, Zafirlukast, %I:Ijl:sz(/;zpslt);g;tCYP:aAM 5, MRP1, ADRB2, ALOXS5, LTC4S, CysLTR1, GR,
ZEt x| | Budesonide, Fluticasone ’
EHr 27 gz:f;glrl‘r’]'l’;é"'de Glipizide, Giiburide, Glimepiride, Metformine, Nateglinide, —ovooc/g cypaaa/s, SLC22A1/2, SLCOTBT, ABCCS, SLC2A2, KCNJTT
2HXIEH Aspirin, Celecoxib, Meloxicam, Flubiprofen, Tramadol CYP1A2, CYP2C9, CYP2D6, CYP3A4/5, CES1/2, ABCB1, SLC22A, COX1/2
HAAH| | Cylosporin, Mycophenolic acid, Tacrolimus, Leflunomide CYP2C9, CYP3A4/5, CYP3AP1, UGT1A8/9, UGT2B7, ABCB1, ABCC2, SLCO1B1
Shyote. Omeprazole, Esomprazole, Pantoprazole, Rabeprazole, Lansoprazole,
sHex| Cimetidine, Raniditidine CYP2C19, CYP3A4/5, ABCB1/11, SLC22A, SLC47A1/2
shzisy| Rifampin, Isoniazid, Pyrazinamide NAT2, CYP1A2 & S4/R|2AIH 2 S5 QX (HLA B/DR/DQ, ADH, ALDH etc.)

Stto[2{ A x|

Lamivudine, Abacavir

1L28 ,ABCC4/5/11, ABCG2, SLC22A1/2/6, HLA-B*5701

87| 2| 2

Sildenafil, Tadalafil, Udenafil, Vardenafil

CYP2C9, CYP3A4/5, ABCB1, ABCC4/5




