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Over 2 Million

What is pharmacogenomics (PGx)?

Pharmacogenomics is the study of how your genetics change your response to medicine.

Issues in US (annually)

https://www.fda.gov/drugs/drug-interactions-labeling/preventable-adverse-drug-reactions-focus-drug-interactions

Conventional prescription

One-size-fits-all

approach

may not suit 

everyone needs

4th100,000serious ADR Death due to ADR

Adverse drug reaction is the 

4th leading cause of death



From reactive to pre-emptive

Benefits
-

- Predict the drug response of patients before dispensing

-

- Optimising drug dose and avoiding adverse events

Prescription of medicine with testing

Pre-emptive testing means testing before commencement of prescription.

Personalised

medicine

approach



1.

Identify the pharmacogenetic variants that are known to affect drug responses in Hong Kong 
Chinese

2. 2019
Project prescription impact by PGx of HK public healthcare system using electronic health 
record data of 2019 as example

• CDARS

All public healthcare service data, including drug prescriptions, are available in the Clinical Data 
Analysis and Reporting System (CDARS) database in an unlisted and anonymous manner

•
The number of subjects, drug quantity, and unit cost of drugs were retrieved for the estimation of 
prescription impact and drug expenditure

Research objectives



Guideline

CACNA1S CFTR CYP2B6 CYP2C19

CYP2C9 CYP2D6 CYP3A5 CYP4F2

DPYD IFNL3 NUDT15 RYR1

SLCO1B1 TMPT UGT1A1 VKORC1

HLA-A HLA-B G6PD

Medically actionable pharmacogenetic variants

129 variants & 4 HLA alleles 

from 19 pharmacogenes
19 129 4 HLA

(Level A) (Level 1)

Addition of gene strongly 

implicated in Chinese
CPIC - Level C

PharmGKB - Level 3

Translating genetic laboratory test results into actionable 

prescribing decisions for affected drugs with detailed 

gene/drug clinical practice guidelines

A comprehensive resource that curates knowledge about 

the impact of genetic variation on drug response for 

clinicians and researchers.

Knowledge base



–
HKU exome cohort – sample recruitment 

• 1,116

• Collection of exome cohorts (n=1,116) from Department of Paediatrics & Adolescent 
Medicine and Department of Surgery

•

• Self-reported Han Chinese

•

• Genetically unrelated individuals



Methodology

Pharmacogenes
curation

Exome 
Pipeline

Quality check
Genomic 

repository

Gene variants 
interpretation

Specific analysisProcessing of aggregated data

https://www.google.com/imgres?imgurl=https://www.uab.edu/institutionaleffectiveness/images/contact/research-analysis/ra-graphic.png&imgrefurl=https://www.uab.edu/institutionaleffectiveness/about/research-analysis&docid=esOwf2rTbH7NEM&tbnid=8uCxq0Klq3WrmM:&vet=10ahUKEwi_95Cz38DhAhWrBKYKHaC8Ba8QMwg7KAEwAQ..i&w=2250&h=2100&safe=strict&bih=606&biw=1366&q=analysis&ved=0ahUKEwi_95Cz38DhAhWrBKYKHaC8Ba8QMwg7KAEwAQ&iact=mrc&uact=8


Whole exome sequencing pipeline

Read Alignment Removal of PCR duplication
Variant calling Variant annotation

DNA

DNA extraction
Library 

preparation
Exome capture 
and enrichment

Exome 
sequencing

• GATK (v3.4‐46)

• In-house bioinformatics pipeline based on GATK best practices (v3.4‐46)

Benchtop sequencing 

machine



Pharmacogenetic variants are common

pharmacogenetic variant known to affect drug 

response in patients

Carry at least one 99.6%

Median 4 variants

Rare deleterious pharmacogenetic variant 

Carry at least one 93.6%

Median 2 variants



Top 10 pharmacogenetic phenotypes in HK Chinese

~2x ~3x ~19x 

Higher in Hong Kong Chinese than in 

Europeans and Africans:

CYP2C19, HLA-B, and NUDT15



Top 20 drugs with the highest estimated prescription impact on headcount

Prescription

Drug Name
Type of drug

Projected 

number of 

affected patients

Percentage of affected 

prescription

1
simvastatin Lipid-lowering

146,167 25.81%

2
clopidogrel Anticoagulant

26,304 57.21%

3
ibuprofen Anti-inflammatory

12,000 5.39%



Genotype
SLCO1B1:c.521T>C

Star Allele

SLCO1B1*15,*17

2019 CDARS 

prescription data

• 146,167 patients receiving simvastatin has an 

actionable phenotype    

• 6,019 cases of myopathy preventable by 

genotype-guided prescription

Actionable 

phenotype

Low function CC / 

intermediate function CT

Lifetime risk estimate [1]

Low function: 18%

Intermediate function: 3%

Associated ADR
Statin-induced 

myopathy

– SLCO1B1

Analysis workflow – illustration with SLCO1B1 and simvastatin-induced myopathy

1. Link E, Parish S, Armitage J, Bowman L, Heath S, Matsuda F, et al. SLCO1B1 variants and statin-induced myopathy--a genomewide study. N Engl J Med. 2008;359(8):789-99. Epub 2008/07/25. 

doi: 10.1056/NEJMoa0801936. PubMed PMID: 18650507.

566223*0.0192*0.18

Total number

of patients 

prescribed with 

simvastatin = 

566,223(Frequency = 13.87%)

566223*0.2389*0.03

CC phenotype = Low function (freq = 1.92%) CT phenotype = Intermediate  function (freq = 23.89%)



Projected prescription impact based on local PGx data

• 2019 100 (1,006,046) 36
13.4%

• More than 1 million(1,006,046) Hong Kong Chinese patients had received prescriptions of 
the 36 drugs that are affected by actionable pharmacogenetics variants in 2019, accounting 
for 13.4% of HK population.

• 23.1%

• Among the patients receiving the prescribed drugs , 23.1% of them have actionable 
pharmacogenetic phenotypes, which should have prescription adjustment according to the 
international clinical guidelines.

• 6,400 ($64,108,000)

• Around HK$64 million(HK$64,108,000) worth of drugs were prescribed to patients with an 
implicated actionable phenotype for drug usage and dosage adjustment.



Summary

• 1,116 133 108

• The research team studied the spectrum of 133 pharmacogenetic variants known to affect drug response in patients and 

rare deleterious variants in 108 pharmacogenes using an exome sequencing consisting of 1,116 Hong Kong Chinese 

subjects.

•

• Nearly all individuals carried at least one pharmacogenetic variants known to affect drug response and one rare, 

predicted deleterious pharmacogenetic variant.

• 36

• One-seventh of the Hong Kong population received at least one of the 36 drugs with clinical pharmacogenetics guideline 

recommendations.

•

• The findings demonstrated the potential of pharmacogenetic testing in improving patient care and medical resource 

allocation in Chinese. The cohort dataset also supports clinical implementation of pharmacogenetics in the Chinese 

population.
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