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Individual differences Iin drug response

Patients taking same medication

NO RESPONSE

* The same prescription can be therapeutic
for one patient, ineffective for another, and
toxic for a third.

Altering the dosage
may help

 This variability isn’t random; it's rooted in
our individual genetic makeup.
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Guidelines for the Application of Pharmacogenomics in

Clinical Pharmacy Services - Taiwan Version
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metabolized enzymes

G6PD and Adverse Drug Reaction

RS T
*CYP2C19 & CYP2D6 ¥ SSRI/ TCA/ £ # £ fip M % %
*CYP2C19 22 PPI/ Clopidogrel/ # # % &
*CYP2C9/ CYP4F2/ VKORC1 ¥2 warfarin
*CYP2C9 £r NSAIDs
*CYP2C9 & CYP2D6 #7 i+ ot %
TPMT & UGT1A1 Phase Il %

HLA and Adverse Drug Reaction

SLCO1B1, ABCG2 transporters

MT-RNR1 2 & # 2 aminoglycosides
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Clopidogrel & CYP2C19m Ticagrelor ?

CPIC

Clinical Pharmacogenetics
) Implementation Consortium
Diplotype Clopidogrel Implication Therapeutic Recommendation

Two increased function - . = s, M
CYP2C19 alleles African European EastAsian Increased inhibition

(*17/::17) 5% <1% of platelet reactivity No recommendation

One normal function and : : . T
onoincronsad function African European East Asian Normal or increased inhibition

No recommendation
) 0, 0 9 --g
CYP2C19 allele (*1/17) 21% 2% 3% of platelet reactivity

Absence of any tested increased e If considering clopidogrel,
function or no function Normal '"h'b't',°f' use at standard dose
CYP2C19 alleles (*1/.1) of platelet reactIVIty (75 mglday)

’——__--_---“s

~
/Consmer an alternative N
'\ P2Y,, inhibitor (ticagrelor)
\If no contraindication . R4

®aunmmnmnnns®

=T Reduced inhibition Av;nd‘élopldogrel if posszre\
CYP African European East Asian of platelet reactivity / Consider an alternative AN
2C19 alleles 29 ; [l 1
(*2/*2) 0 Increased risk for \EZY12 inhibitor (ticagrelor) J
- cerebrovascular events \lf.no contraindication g
& u,.,@ ~_________—
< e
§ g: ‘§> A l— %)&ﬁ% Tunehag, K.R., Pearce, A.F., Fox, L.P., Stouffer, G.A., Solander, S. and Lee, C.R. (2025), CYP2C19 Genotype-Guided Antiplatelet Therapy and Clinical Outcomes in Patients Undergoing a
Q‘ ../0, é’ o 5‘ Neurointerventional Procedure. Clin Transl Sci, 18: e70131. https://doi.org/10.1111/cts.70131 13
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CYP2D6 gene polymorphism

Likely phenotype Activity score Genotypes Examples of diplotypes
Ultrarapid metabolizer = 2.0 An individual carrying duplications of func- (*1/*1)xN, (*1/*2)xN, (*2/*2};{!\"’
(~1-20% of patients)® tional alleles
Normal metabolizer 1.0-2.0° An individual carrying two normal function *1/%1, *1 /%2, *2/%2, %1 /%9,
(~72-88% of patients) alleles or two decreased function alleles *1/*41, *41/*41, *1/*5, *1/*4
or one normal and no function allele or
one normal function and decreased func-
tion allele or combinations of duplicated
alleles that result in an activity score of
1.0 —=2.0.
Intermediate metabolizer 0.5 An individual carrying one decreased func- *4/%41, *5/%9, *4,/*10
(~1-13% of patients) tion and one no function allele
Poor metabolizer 0 An individual carrying only no function *4 /%4, (*4/*4)xN, *3/*4, *5/*5, *5/%6

(~1-10% of patients)

alleles

European

33.4%

Activity Score
4

‘:‘ 2.0—334% Others — 13.5%
1 1.0 —29.6% . 0.25 —7.3%

w125 —16.1%

American

22% 59.4%

2.0 —59.4% Others — 6%
1.0 —22% 3.0 —5%
w125 —7.5%

East Asian

AS 0.5

mam 1.25 —38% Others — 14.1% 14
0.5—227% W 0.25—88%
2.0 —16.4%



Clinical Applications

More about precision medicine



Ongoing Project
TMU x TMUH

PGx precision dosing- Beyond Lifelong Medication: Personalized Strategies for
Safer Sedative-Hypnotic Use

TMU x WFH

PKPD modeling & simulation + PGx to predict MDR-TB patient
dosing
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TMUH PGx project

Personalized Strategies for Safer Sedative-Hypnotic Use
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Individualized & Precision dosing

. Genomic testing (16 genes including drug metabolic and
response)

. According to genes testing, choose sedative-hypnotic
medicine

. Optimizing sedative-hypnotic medicine dosing



Tricyclic Antidepressants (TCAS)
with CYP2D6 and CYP2C19 gene polymorphism
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Amitriptyline e=SP2S22_ Nortriptyline « CYP2D6 and CYP2C19 polymorphisms affect the exposure,
: demethylation : efficacy and safety of tricyclic antidepressants (TCAS).
Sl Slo
‘% g '% § « Some drugs being affected by CYP2D6 only
35|” 3|° (e.qg., nortriptyline and desipramine)

v v . o .
10-hydroxy amitriptyline 10-hydroxy nortriptyline ° Othe_rs by bOth polymorphl_c enz_ymes (e.g._, amltrlp_tyllne,
ey e clomipramine, doxepin, imipramine, and trimipramine).
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Hicks JK, Sangkuhl K, Swen JJ, Ellingrod VL, Muller DJ, Shimoda K, Bishop JR, Kharasch ED, Skaar TC, Gaedigk A, Dunnenberger HM, Klein TE, Caudle KE, Stingl JC. Clinical pharmacogenetics implementation consortium
guideline (CPIC) for CYP2D6 and CYP2C19 genotypes and dosing of tricyclic antidepressants: 2016 update. Clin Pharmacol Ther. 2017 Jul;102(1):37-44. doi: 10.1002/cpt.597. Epub 2017 Feb 13. PMID: 27997040; PMCID:

M, PMC5478479.
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Dosing Recommendations for TCAs based on CYP2D6 Phenotype

Classification of

recommendation Classification of
for amitriptyline recommendation
Phenotype Implication Therapeutic recommendation®® and nortripyline® for other TCAs®
CYP2D6 Increased metabolism of TCAs to less Avoid tricyclic use due to potential lack Strong Optional
ultrarapid active compounds compared to normal of efficacy. Consider alternative drug
metabolizer metabolizers not metabolized by CYP2DE.
Lower plasma concentrations of active If a TCA is warranted, consider titrating
drug will increase probability of phar- to a higher target dose (compared to
macotherapy failure normal metabolizers).® Utilize thera-
peutic drug monitoring to guide dose
adjustments.
CYP2D& Mormal metabolism of TCAs Initiate therapy with recommended Strong Strong
normal starting dose.
metabolizer
CYP2D6 Reduced metabolism of TCAs to less Consider a 25% reduction of recom- Moderate Optional
intermediate active compounds compared to normal mended starting dose.” Utilize thera-
metabolizer metabolizers peutic drug monitoring to guide dose
Higher plasma concentrations of adjustments.®
active drug will increase the probability
of side effects
CYP2D6 poor Greatly reduced metabolism of TCAs Avoid tricyclic use due to potential for Strong Optional
metabolizer to less active compounds compared to side effects. Consider alternative drug
nomal metabolizers not metabolized by CYP2D6.
Higher plasma concentrations of If a TCA is warranted, consider a 50%
active drug will increase the probability reduction of recommended starting
of side effects dose." Utilize therapeutic drug monitor-
ing to guide dose adjustments.”
gD\cAL U”’lz
@ = .-{))) l‘ % 5_%% Hicks JK, Sangl_<uhl' K, Swen J‘J.’ Ellingrod \_/L, MU]Ier_DJ, Shimoda K, Bishop JR, Kharasch ED, Skaar TC, Gaedigk A, I_Dunnenbe_rger HM, Klein TE, Caudle KE., Stingl JC. Clinical
Q‘ .0/‘/ pharmacogenetics implementation consortium guideline (CPIC) for CYP2D6 and CYP2C19 genotypes and dosing of tricyclic antidepressants: 2016 update. Clin Pharmacol Ther. 20
i ¢ TAIPEI MEDICAL UNIVERSITY 2017 Jul;102(1):37-44. doi: 10.1002/cpt.597. Epub 2017 Feb 13. PMID: 27997040; PMCID: PMC5478479.
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Dosing Recommendations for TCAs, clomipramine, doxepin,
Imipramine, and trimipramine based on CYP2C19 Phenotype

Classification of

Classification of recommendation
recommendation for other tertiary
Phenotype Implication Therapeutic recommendation™® for amitriptyline® amine TCAs®
CYP2C19 Increased metabolism of tertiary Avoid tertiary amine use due to potential for Optional Optional
ultrarapid amines compared to normal sub-optimal response. Consider alternative
metabolizer and metabolizers drug not metabolized by CYP2C19. TCAs with-
CYP2C19 rapid Greater conversion of tertiary amines out major CYP2C19 metabolism include the
metabolizer to secondary amines may affect secondary amines nortriptyline and
response or side effects desipramine.
If a tertiary amine is warranted, utilize thera-
peutic drug monitoring to guide dose
adjustments.®
CYP2C19 normal  Mormal metabolism of tertiary amines Initiate therapy with recommended starting Strong Strong
metabolizer dose.
CYP2C19 Reduced metabolism of tertiary Initiate therapy with recommended starting Strong Optional
intermediate amines compared to normal dose.
metabolizer metabolizers
CYP2C19 poor Greatly reduced metabolism of tertiary ~ Avoid tertiary amine use due to potential for Moderate Optional
metabolizer amines compared to normal sub-optimal response. Consider alternative
metabolizers drug not metabolized by CYP2C19. TCAs with-
Decreased conversion of tertiary out major CYP2C19 metabolism include the
amines to secondary amines may secondary amines nortriptyline and
affect response or side effects desipramine.
For tertiary amines, consider a 50% reduction
of the recommended starting dose.’ Utilize
therapeutic drug monitoring to guide dose
e adjustments.®
\!"‘0\ U”/l«ep /é
&) B ESZ
.0/‘1 g Hicks JK, Sangkuhl K, Swen JJ, Ellingrod VL, Mller DJ, Shimoda K, Bishop JR, Kharasch ED, Skaar TC, Gaedigk A, Dunnenberger HM, Klein TE, Caudle KE, Stingl JC. Clinical 21
4 TAIPEI MEDICAL UNIVERSITY  pharmacogenetics implementation consortium guideline (CPIC) for CYP2D6 and CYP2C19 genotypes and dosing of tricyclic antidepressants: 2016 update. Clin Pharmacol Ther. 2017
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Jul;102(1):37-44. doi: 10.1002/cpt.597. Epub 2017 Feb 13. PMID: 27997040; PMCID: PMC5478479.



Dosing Recommendations for amitriptyline
based on both CYP2D6 and CYP2C19 Phenotypes

CYP2D6 ultrarapid CYP2D6 normal CYP2D6 intermediate
Phenotype metabolizer metabolizer metabolizer CYP2D6 poor metabolizer
CY¥P2C19 ultrarapid Avoid amitriptyline use® Consider alternative drug Consider altermnative drug Avoid amitriptyline use®

or rapid metabolizer

Classification of recommen-
dation: Optional

not metabolized by
CYP2C19°*

Classification of recommen-
dation”: Optional

not metabolized by
CYP2C19°"

Classification of recommen-

dation®: Optional

Classification of recommen-
dation®: Optional

CYP2C19 normal
metabolizer

Avoid amitriptyline use. If
amitriptyline is warranted,
consider titrating to a higher
target dose (compared to
normal metabolizers)"€
Classification of recommen-
dation®: Strong

Initiate therapy with recom-
mended starting dose”
Classification of recommen-
dation”: Strong

Consider a 25% reduction

of recommended starting
dose""

Classification of recommen-

dation®: Moderate

Avoid amitriptyline use. If
amitriptyline is warranted,
consider a 50% reduction of
recommended starting
dose""

Classification of recommen-
dation®: Strong

CYP2C19 intermedi-

ate metabolizer

Avoid amitriptyline use®
Classification of recommen-
dation: Optional

Initiate therapy with recom-
mended starting dose”
Classification of recommen-
dation?: Strong

Consider a 25% reduction

of recommended starting
dose™"

Classification of recommen-

dation®: Optional

Avoid amitriptyline use. If
amitriptyline is warranted,
consider a 50% reduction of
recommended starting
dose™"

Classification of recommen-
dation®: Optional

CY¥P2C19 poor
metabolizer

Avoid amitriptyline use®
Classification of recommen-
dation: Optional

Avoid amitriptyline use. If
amitriptyline is warranted,
consider a 50% reduction of
recommended starting
dﬂsef.h

Classification of recommen-
dation”: Moderate

Avoid amitriptyline use®

Classification of recommen-

dation®: Optional

Avoid amitriptyline use®
Classification of recommen-
dation®: Optional

ENT T I -
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PKPD modeling & simulation
Plus Pharmacogenomics
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PKPD modeling & simulation

- Quantify and predict the relationship between the dose of a

drug, the concentration of that drug in the body over time, and
the resulting biological effect

Dose —s Concentration(C) =, Effect(E)

“Modeling” is fitting equations to observed data to understand
the past. (Estimation)

"Simulation" is using those equations to predict the future.
(Prediction)

FDA and EMA highly value M&S (often called Model-Informed

Drug Development or MIDD) because it saves time, money,
and reduces risk to patients.



Benefit of Modeling and
Simulation

Benefit

Dose
Optimization

Special
Populations

Go/No-Go
Decisions

Trial Design
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Description

Helps select the exact dose that maximizes efficacy while
minimizing toxicity before starting large Phase 3 trials.

Allows prediction of dosing for groups often excluded from early
trials, such as children (pediatrics), the elderly, or those with
organ impairment.

Helps companies decide early if a drug is unlikely to work,
saving billions in failed trials.

Helps determine how many patients are needed and how often
to sample their blood in a clinical trial.



Linezolid Population PK Model Validation

Random Effects (b)

25 T T T T T
—— Mean simulated concentration
: — e e Mean observed concentration
15 | 4 95% prediction interval
: 20 .
I
|
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1 I
log(Central) log(Cl_Central)

Figure 5. Boxplot of interindividual variability in
random effects for model parameters
(Central: volume of distribution, CI_Central: ° 500 1000 1900 2000 2500 5000

time (minute)

clearance) 27
Figure 6. Visual Predictive Check (VPC) for External Validation
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bedaquiline

CYP3A4 ~ CYP3AS -~ CYP2B6 - CYP2C19
44.3% 42.8%
linezolid
CYP4F2 - CYP3AS - CYP2D6

moxifloxacin

UGT1Al
14.6%

i %
CYP3AS 2K+ &N ( mEIRIITHE )
EAEEE 3,562 A (Lin 2026 )

BHINEES 48.7% | *3 B 71.2%
&8\ B ERE 1,007 A (Hsu 2024 )
*35873.2%

% { SMrEFEEE ; CYP3AS HEACERE ZHLH ) — B CPICEEERE (*3746% ) — &

N A

0%

CYP3A4*22 CYP3AS BIEER CYP2D6*10 UGT1A1*6
( bedaquiline ) ( bedaquiline ) ( linezolid ) ( moxifloxacin )
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& 1-10 CYP3A5 RIAB KRz HE L ER

FRIRA (phenotype) BRonAEER &8 (diplotype) #3f

—HRAGEE

0 L ES
(normal metabolizers, NM) A /%1
g RAEHE . 1w w1
(possible intermediate metabolizer) bk 17%8. *1/*9
FRIRAEE 0 K]/ KRG K]k
(intermediate metabolizers, IM) SR 17%3, *1/%6, =1/*7
18R B 4] FRgEs T
(poor metabolizer, PM) el *3/*3. *3/%6, T6/*T
A EARE 0% K§/KQ, *3/%8, *3/%Q 3 B
(indeterminate metabolizer) ° ’ ’
RIBY
59 REER JEM NM

(possible)lM

T PM
13.72%)| | A0%) 22.98% ’ 27.1% ind
49.92%
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CYP3AS5 gene polymorphism

Table 1 Assignment of likely metabolism phenotypes based on CYP3A5 diplotypes

Likely phenotype Genotypes Examples of diplotypes®

Extensive metabolizer An individual carrying *1/*1

(CYP3A5 expresser) two functional alleles

Intermediate metabolizer An individual carrying one functional allele *1/*3, *1/%6, *1/*7

(CYP3Ab5 expresser) and one nonfunctional allele

Poor metabolizer An individual carrying two nonfunctional alleles *3/*3, *6/*6, *7/*7, *3/*6, *3/*7, *6/*7

(CYP3A5 nonexpresser)

“Additional rare variants, such as CYP3A5*2, *8, and *9 may be found, which are of unknown functional significance. However, if a copy of *1 is present, expected pheno-
type would be intermediate metabolizer.
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CYP3A5 Normal or Intermediate Metabolizer:
Increase Tacrolimus Starting Dose

Table 2 Dosing recommendations for tacrolimus based on CYP3A5 phenotype

Implications for tacrolimus Therapeutic Classification of
CYP3A5 phenotype? pharmacologic measures recommendations® recommendations®
Extensive metabolizer Lower dose-adjusted trough concen- Increase starting dose 1.5-2 times Strong
(CYP3A5 expresser) trations of tacrolimus and decreased recommended starting dose. Total
chance of achieving target tacrolimus starting dose should not exceed
concentrations. 0.3 mg/kg/day. Use therapeutic
drug monitoring to guide dose
adjustments.
Intermediate metabolizer Lower dose-adjusted trough concen- Increase starting dose 1.5-2 times Strong
(CYP3A5 expresser) trations of tacrolimus and decreased recommended starting dose.? Total
chance of achieving target tacrolimus starting dose should not exceed
concentrations. 0.3 mg/kg/day. Use therapeutic
drug monitoring to guide dose
adjustments.
Poor metabolizer Higher (“normal”) dose-adjusted Initiate therapy with standard recom- Strong
(CYP3A5 nonexpresser) trough concentrations of tacrolimus mended dose. Use therapeutic drug
and increased chance of achieving monitoring to guide dose
target tacrolimus concentrations. adjustments.

Typically, with other CYP enzymes, an extensive metabolizer would be classified as a “normal” metabolizer, and, therefore, the drug dose would not change based on the
patient’s genotype. However, in the case of CYP3A5 and tacrolimus, a CYP3A5 expresser (i.e., CYP3A5 extensive metabolizer or intermediate metabolizer) would require a
higher recommended starting dose and the CYP3A5 nonexpresser (i.e., poor metabolizer) would require the standard recommended starting dose. PThis recommendation
includes the use of tacrolimus in kidney, heart, lung, and hematopoietic stem cell transplant patients, and liver transplant patients in which the donor and recipient geno-
types are identical. °Rating scheme is described in Supplementary Data online. °Further dose adjustments or selection of alternative therapy may be necessary because
of other clinical factors (e.g., medication interactions, or hepatic function).
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Complexity
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Standardized dosing \_:%:
Advantages: . ’_E}_‘E
- Easy to integrate in clinical workflow =

- Available in all clinical settings
- Determined by drug labels

Disadvantages: >
- Lack of dose individualization, which can - 2

lead to adverse events or inadequate _—

treatment _—
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Personalized MIPD m //
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- Tailored dose optimization based on P4

individual patient characteristics
- Integration with patient-specific
characteristics is possible Vs
Disadvantages: P Individualized MIPD
- Heightened complexity due to data A
requirements, including patient > 4 Z
genetics and physiology i

- Combination with TDM results in very
accurate doses and increased patient
safety

- High costs for additional measurements
and software

- Additional sampling and modelling
requirements adds complexity

Population-level MIPD (PBPK/popPK)

Advantages

- Allows simulations of various dosing regimens
incorporating physiological changes in special
populations e.g. children

- Can accurately predict drug concentrations

Disadvantages

- Data intensive and complex

- Requires drug concentrations of the special
population of interest to validate the model
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Specificity

SPECIFICITY 1 - COMPLEXITY 1

® Standardized

Label dose for everyone;
no individualization

@ Population-level

popPK / PBPK
» fixed doses for a group

9 Personalized

A priori: covariates such as
genotype set the start dose

® Individualized

A posteriori:
TDM + Bayesian updating



PGx Testing Applications
In Clinical Medication Decision-making

- Why is Pharmacoeconomics (PE) necessary?
- Perspectives of Cost-effectiveness analysis (CEA).

- From PE to Health Technology Assessment (HTA).

- Current challenges and future vision.
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Effectiveness of Single Allele Test

Classification

Outcome measurement

Example

Improvement of
clinical events

Avoid the use of
medical resources

Survival time and
health assessment

Relative risk reduction (RRR) for ADR,
mortality, treatment failure.

AE related health services uses
(hospitalization days, outpatient visit)

Quality-adjusted life years (QALY)

Genetic testing can reduce the incidence of
ADR from 5% to 1%.

CYP2C19-guided antiplatelet drugs can
reduce treatment failure rate by 10%.

Can avoid hospitalization or prolonged
hospitalization due to SJS/ HTN.

HLB-B*58:01-guided therapy group show
an average increase of 0.05 in QALY.
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Perspectives of CEA: Uncertainty

. Implementation Factors: 1. Clinical Factors:

Detection accessibility and reporting time. « The strength of the association between gene and drugs
O[T (o1 S =l =To (NTor=Ni [ Ja R Ta o RTRI I (I =V o RS IS« Severity of clinical consequences (metabolic activity score)
Insurance payment policies and indications. * Prevalence of variant genes in populations

Patient acceptance and ethical considerations. (e.g., HLA-B*1502, Asian > European)

oz UCRURO R Aol o] CRIEERIMCIYE RGN «  Feasibility of alternative treatment options

product will be ineffective.) « Strength of clinical evidence (RCT or large study)

. Decision Making: . Economic Factors:

 ICER < Decision-maker’s willingness to pay Testing costs (from single- to multi-gene modules,
threshold (A, WTP)* becoming increasingly cheaper)

« Budget impact analysis Detection timing (pre-emptive/ reactive) and scope

» Equitable access to healthcare Differences in healthcare spending and QALY:

ICER (~Cost/ 2QALY)

*UK NICE (Government): £20,000-30,000/QALY
WHO recommends (Government or insurers): 1-3 GDP/QALY per capita.
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PGx Resources

\ PHARMGKB
CllnPGx )CPIC

Clinical Pharmacogenetics
Implementation Consortium

Pharmacogene Variation Consortium

PharmVar s
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Thank you for attention.
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