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Individual differences in drug response

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

• This variability isn’t random; it’s rooted in 
our individual genetic makeup.
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藥物與基因之

相互作用
藥物基因諮詢 臨床藥學服務 臨床治療劑量

調整



CYP2D6可依等為基因與copy 
number variant的數目計算
Activity score，再將其表現型分
為超快速代謝 (Activity score 
>2.25)、正常代謝 (1.25≤ 
Activity score ≤2.25)、中速代
謝 (0< Activity score <1.25)與
慢速代謝（Activity score 0），
根據CPIC指引資料，0.82%的
東亞族群為超快速代謝者，
54%為正常代謝者，38%為中
速代謝者，0.79%為慢速代謝者
，相較於歐美族群有較少的超
快速代謝者與慢速代謝者。



CYP2C9依等位基因不同分別被定義為
1. 無功能0分如CYP2C9*3、*6和*13
2. 功能減少定義為0.5分如

CYP2C9*2、*5、*8和*11
3. 功能正常則定義為1分如

CYP2C9*1
這些值加總可以得到每個 diplotype的
activity score (AS)，AS為0或0.5的個體
為慢速代謝者，AS為1或1.5的為中速代
謝者，AS為2的為正常代謝者，最廣泛
研究的變異是 CYP2C9*2（rs1799853
）和 CYP2C9*3（rs1057910），根據
CPIC指引資料，CYP2C9的在東亞族群
中，正常代謝者占83.8%，中速代謝者
且AS為1.5者占5.3%，中速代謝者且AS
為1者占9.9%，慢速代謝者占0.6%。



藥品-基因組合選擇
(germline mutation)

01 全國各大醫學中心之精準醫療服務品項
全國各醫學中心之檢測以及服務品項:  包括臺大醫院、臺北榮民

總醫院、臺中榮民總醫院、中國醫藥大學附設醫院、中山醫學大學

附設醫院、奇美醫院、高雄長庚醫院、高雄醫學大學附設醫院等

02 藥品種類
心血管治療藥品、身心科治療藥品、免疫相關藥品、抗微

生物藥品、癌症藥品、HLA與藥物不良反應相關藥品等

03 藥物基因體學常用參考文獻

The Clinical Pharmacogenetics Implementation Consortium 

(CPIC® ) 、US FDA、DPWG

04 可應用性與實證強度

CPIC level A或FDA PGx Assn 1

重要藥物基因組合共152項(36組)
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藥品與基因組合

TPMT & UGT1A1 Phase II 

metabolized enzymes
02

肝臟代謝酵素

•CYP2C19 & CYP2D6 與 SSRI/ TCA/ 其他身心科相關藥品

•CYP2C19 與 PPI/ Clopidogrel/ 其他藥品

•CYP2C9/ CYP4F2/ VKORC1 與 warfarin

•CYP2C9 與 NSAIDs

•CYP2C9 & CYP2D6 與止吐藥

03

HLA and Adverse Drug Reaction04

G6PD and Adverse Drug Reaction

05 SLCO1B1, ABCG2 transporters

06 MT-RNR1 耳毒性與aminoglycosides
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藥品分類、臨床適

應症、藥品主要作

用機轉及副作用

藥品簡介 藥品與基因

基因型與表現

型與劑量調整

臨床治療劑量建議

基因檢測可帶來

辨識病人的潛在

效益或風險

病人使用時的潛在

利益與風險

基因變異與藥物相關

之表現型與基因型





Clopidogrel & CYP2C19

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 

Neurointerventional Procedure. Clin Transl Sci, 18: e70131. https://doi.org/10.1111/cts.70131 13

Ticagrelor ?



CYP2D6 gene polymorphism
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Activity Score

AS1.25

AS 0.5

AS 2.0

AS 0.25



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



TMUH PGx project

Personalized Strategies for Safer Sedative-Hypnotic Use 



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



• CYP2D6 and CYP2C19 polymorphisms affect the exposure, 
efficacy and safety of tricyclic antidepressants (TCAs).

• Some drugs being affected by CYP2D6 only
(e.g., nortriptyline and desipramine) 

• Others by both polymorphic enzymes (e.g., amitriptyline, 
clomipramine, doxepin, imipramine, and trimipramine).

Tricyclic Antidepressants (TCAs)
with CYP2D6 and CYP2C19 gene polymorphism

19

Hicks JK, Sangkuhl K, Swen JJ, Ellingrod VL, Müller 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: 

PMC5478479.



Dosing Recommendations for TCAs based on CYP2D6 Phenotype

20
Hicks JK, Sangkuhl K, Swen JJ, Ellingrod VL, Müller 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: PMC5478479.



Dosing Recommendations for TCAs, clomipramine, doxepin, 
imipramine, and trimipramine based on CYP2C19 Phenotype

21Hicks JK, Sangkuhl K, Swen JJ, Ellingrod VL, Müller 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: PMC5478479.



Dosing Recommendations for amitriptyline 

based on both CYP2D6 and CYP2C19 Phenotypes

Hicks JK, Sangkuhl K, Swen JJ, Ellingrod VL, Müller 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: PMC5478479.
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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

• “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 Description

Dose 
Optimization

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

Special 
Populations

Allows prediction of dosing for groups often excluded from early 

trials, such as children (pediatrics), the elderly, or those with 
organ impairment.

Go/No-Go 
Decisions

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

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



Random Effects

Linezolid Population PK Model Validation

Figure 5. Boxplot of interindividual variability in 

random effects for model parameters 

(Central: volume of distribution, Cl_Central: 

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

Dataset

Model Validation with External Dataset
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CYP3A5 gene polymorphism

31Birdwell KA, Decker B, Barbarino JM, Peterson JF, Stein CM, Sadee W, Wang D, Vinks AA, He Y, Swen JJ, Leeder JS, van Schaik R, Thummel KE, Klein TE, Caudle KE, 

MacPhee IA. Clinical Pharmacogenetics Implementation Consortium (CPIC) Guidelines for CYP3A5 Genotype and Tacrolimus Dosing. Clin Pharmacol Ther. 2015 

Jul;98(1):19-24. doi: 10.1002/cpt.113. Epub 2015 Jun 3. PMID: 25801146; PMCID: PMC4481158.

39 Heart transplant + 24 Renal transplant recipients (NTUH study)

CYP3A5 genotype
Tacrolimus trough/ daily dose 

(ng/mL per mg/d)
P-value

*3/*3 (n=36) 3.7 ± 2.0 P < 0.001

*1/*1, *1/*3 (n=27) 1.6 ± 0.8

PMIM

NM



CYP3A5 Normal or Intermediate Metabolizer: 
Increase Tacrolimus Starting Dose

Birdwell KA, Decker B, Barbarino JM, Peterson JF, Stein CM, Sadee W, Wang D, Vinks AA, He Y, Swen JJ, Leeder JS, van Schaik R, Thummel KE, Klein TE, Caudle KE, MacPhee IA. 

Clinical Pharmacogenetics Implementation Consortium (CPIC) Guidelines for CYP3A5 Genotype and Tacrolimus Dosing. Clin Pharmacol Ther. 2015 Jul;98(1):19-24. doi: 

10.1002/cpt.113. Epub 2015 Jun 3. PMID: 25801146; PMCID: PMC4481158.
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• Why is Pharmacoeconomics (PE) necessary?

• Perspectives of Cost-effectiveness analysis (CEA).

• From PE to Health Technology Assessment (HTA).

• Current challenges and future vision.

PGx Testing Applications 
In Clinical Medication Decision-making
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Effectiveness of Single Allele Test

36

Classification Outcome measurement Example

Improvement of 

clinical events

Relative risk reduction (RRR) for ADR, 

mortality, treatment failure.

• Genetic testing can reduce the incidence of 

ADR from 5% to 1%.

• CYP2C19-guided antiplatelet drugs can 

reduce treatment failure rate by 10%.

Avoid the use of 

medical resources

AE related health services uses 

(hospitalization days, outpatient visit)

• Can avoid hospitalization or prolonged 

hospitalization due to SJS/ HTN.

Survival time and 

health assessment
Quality-adjusted life years (QALY)

• HLB-B*58:01-guided therapy group show 

an average increase of 0.05 in QALY.



Perspectives of CEA: Uncertainty
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4. Implementation Factors:

• Detection accessibility and reporting time.

• Clinical staff education and interpretation skills.

• Insurance payment policies and indications.

• Patient acceptance and ethical considerations.

• Uptake (If too few people use it, even the best 

product will be ineffective.)

1. Clinical Factors:

• The strength of the association between gene and drugs

• Severity of clinical consequences (metabolic activity score)

• Prevalence of variant genes in populations 

(e.g., HLA-B*1502, Asian > European)

• Feasibility of alternative treatment options

• Strength of clinical evidence (RCT or large study)

3. Decision Making:

• ICER < Decision-maker’s willingness to pay 

threshold (λ, WTP)*

• Budget impact analysis

• Equitable access to healthcare

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

2. Economic Factors:

• Testing costs (from single- to multi-gene modules, 

becoming increasingly cheaper)

• Detection timing (pre-emptive/ reactive) and scope

• Differences in healthcare spending and QALY: 

ICER (△Cost/ △QALY)



PGx Resources
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Thank you for attention.

Q&A


