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The Doctor (Detail) – Luke Fildes, 1891
Image credits: Wikipedia
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Helen gives ‘pharmakon’, an Egyptian drug, with 
wine to Telemachus, who was sad about the 
absence of his father, Odysseus.  
Pharmakon was used to ease grief and anger, 
allowing people to forget their troubles.

- Odyssey by Hormer
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Guidelines

Guidelines provide evidence-based, standardised approaches to 
patient care

• Support clinical decision-making 
• Improve patient outcomes
• Enhance quality of care
• Reduce variation in practice
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• Mr A and Mr B are patients in their 50s with T2DM, HT, and 
dyslipidaemia
• Had similar control, no complications

• Both experienced NSTEMIs
• Stented
• prescribed DAT

• 10 days after stent placement
• Mr B presented with stent thrombosis
• Mr A remained well

SIMCON2025/CW 4 /50



“….. different [drugs] to different patients, for 
the sweet ones do not benefit everyone, nor 
do the astringent ones, nor are all the 
patients able to drink the same things."   

- Corpus Hippocraticum 

Hippocrates (460-377 BCE)

There is great interindividual 

variability in the response to a 

standard dose of most drugs
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Efficacy

“…Drugs out there on the market work, but they 
don't work in everybody.
> 90% of drugs work in only 30-50% of patients.”
– Dr Allen Roses

Worldwide VP of Genetics at GlaxoSmithKline (GSK) 

• “6.5% of all hospital admissions are due to ADRs”

• “Increases to >15%  in those with multimorbidity” 

Safety

- UK data
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Who is which?
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Zhao, Q., Chen, Y., Huang, W. et al. Drug-microbiota interactions: an emerging priority for precision medicine.
Sig Transduct Target Ther 8, 386 (2023). 
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• Precision - the quality, condition or fact of being exact and accurate 
- Oxford Dictionary of English

• Precision medicine 
• Uses combined knowledge (i.e. clinical, genetic, genomic, and 

epigenetic/environmental) to anticipate a person’s
• vulnerability

• prognosis of their disease  

• response to therapy

• Enhance individual’s health
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In this 
presentation….

• Precision medicine 
• Pharmacogenomics

• Digital human twins

• Dilemmas and challenges in the 
application of precision medicine 
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Pharmcogenomics (PGx) 

Study of how a person’s genetic make-up affects their

response (efficacy and/or safety) to a drug

Current definition

Study of genomic technologies to enable the discovery

and development of novel drugs, and the optimisation of

drug dose and choice in individual patients to maximise

efficacy and minimise toxicity

Broader definition

Pirmohamed, M. Pharmacogenomics: current status and future perspectives.
Nat Rev Genet 24, 350–362 (2023).
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Pharmcogenomics 

• Utilise information about a person's genes, including his 
nucleotide sequence

• Seek to identify genetic contributors to human variation 
in drug efficacy and toxicity

• Aims to improve clinical outcomes for the individual by 
making drugs better and safer
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Gong, I.Y., Kim, R.B. Pharmacogenetic Advances in Cardiovascular Medicine: 
Relevance to Personalized Medicine. Curr Genet Med Rep 1, 1–14 (2013). 

SIMCON2025/CW 13 /50



PGx – practical application

• HER 2 gene predicts the response to trastuzumab 
(Herceptin®) in women with breast cancer

• Use of trastuzumab (anti-oestrogen therapy) in patients 
whose tumours were HER2-positive
• improves disease-free and overall survival

• avoid unnecessary toxicity
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Goh, Rachel Sze Jen et al. JACC 2024; 83:1940-1940

16 /50



SIMCON2025/CW

• Marked interpatient variation in responsiveness

• 21% - non-responders: at risk for CVD (MI & strokes) and stent thrombosis after PCI

Clopidogrel

• Substantial interindividual variability in PK and PD

• Some patients

• fail to attain sufficient cholesterol reduction and prevention of cardiovascular events

• At a higher risk of ADRs – e.g. myopathy

Statins

• Marked interindividual variations
• Narrow therapeutic range

Warfarin
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Simon T, Verstuyft C, Mary-Krause M, et al. Genetic 
determinants of response to clopidogrel and 
cardiovascular events. N Engl J Med 2009;360:363-375

• Clopidogrel is a prodrug
• Activation catalysed by several CYP isozymes

• CYP2C19*2 (rs4244285) and CYP2C19*3 
(rs4986893) - loss-of-function SNPs - result in 
• lower platelet inhibition
• increased risk of major cardiovascular events 

particularly stent thrombosis in PCI patients

• CYP2C19 is thought to represent only a portion of 
the observed variation in antiplatelet response
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Clopidogrel
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• Different CYP enzymes metabolise 
different statins
• Variants can affect LDL lowering effect

• Statin-induced myopathy (SIM)
• Prevalence – 7 – 30%

• Dose dependent

• Higher risk of SIM with a polymorphism in 
the SLCO1B1 gene

Kee PS, Chin PKL, Kennedy MA, Maggo SDS. Pharmacogenetics of 
Statin-Induced Myotoxicity. Front Genet. 2020 Oct 16;11:575678.
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Statins

19 /50



• 2 isomers – S & R
• S more potent

• SNPs of CYP2C9 reduce metabolism of 
S warfarin 
• reduces requirement by 36 -72%

• VKORC1
• Determines how a person responds to 

warfarin

• Genetic variations determine the 
dosage
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Warfarin
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• Pharmacogenomic data 

• can be used to guide the choice of medicine and dose

• increase the likelihood that each person receives the most effective medicine for 

them, at the best dose, the first time they are treated

• Can be economical
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Lu, C.Y., Terry, V. & Thomas, D.M. Precision medicine: affording the successes of 
science. npj Precis. Onc. 7, 3 (2023)
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This guidance does not replace existing guidance on antiplatelet 
therapy when genotype testing is not available, or when results from 
testing have not been received. Starting antiplatelet treatment 
should not be delayed while waiting for test results.
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N=838 unrelated individuals representing 4 major ethnic groups

Perera, N., Galhena, G., & Ranawaka, G. (2021). X-chromosomal STR based genetic polymorphisms and demographic 
history of Sri Lankan ethnicities and their relationship with global populations. Scientific reports, 11(1), 1-12.
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“substantial differentiation between Sri Lankan 

and European populations for important 

pharmacogenomic variants related to warfarin 

(VKORC1 rs9923231) and clopidogrel (CYP2C19 

rs4986893) response.”

Pharmacogenetics and Genomics, 2015. 26:28–39

Indian Journal of Human Genetics October-December 2013

CYP2D6 *3, *4 and *10 variants
- associated with reduced or loss of CYP2D6 enzyme 

function 
- found in our population in significant frequencies
- CYP2D6*4, reported to be a Caucasian variant was   

also found in all three ethnic groups.

- A high percentage of Sri Lankans carry enzyme inactivation 
alleles of the CYP2D6 gene

“This warrants prescription of smaller doses of drugs
metabolized through CYP2D6 enzymes when such drugs
are prescribed.”

Sri Lankan data
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Sri Lankan data

• The distribution of CYP2C9,VKORC1 and CYP4F2 
genes in the Sri Lankan population is different from 
that observed in other populations.
• The CYP2C9*2 variant - significantly less 

frequent  but CYP2C9*3 variant - significantly 
more frequent

• SNVs in the VKORC1 and CYP4F2 more 
frequent

• N= 400

Pharmacogenomics (2022) 23(17), 917–923
Pharmacogenomics 2024, 25(16–18), 657–660

• MAFs of variants CYP2C19 rs12769205 (A>G) and 
CYP2C19 rs4244285 (G>A) were almost 42%
• significantly higher compared to Europeans.

• It can be postulated that a significant proportion of 
the Sri Lankan population is likely poor responders to 
clopidogrel therapy

• N= 690
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Sri Lankan data

Pharmacogenomics (2023) 24(15), 809–819

SLCO1B1*5, CYP2C9*2, CYP2C9*3 - responsible for SIM
• Present in our population
• Distribution differs to that seen in European (and other) 

populations 
• CYP2C9*2 > in SL population

• > likely to have a favourable response to lower doses
• < risk of SIM

• N= 346
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• Alleles that affect pharmacodynamics of commonly prescribed 
medicines for CVD are present in our population 

• They differ from those seen in Caucasian populations
• Clinical guidelines are typically based on clinical data derived from European 

and other Western populations
• These guidelines are also adopted by countries like Sri Lanka when deriving 

recommendations for the local population

• Limitations – small sample (from data stored in the data banks)
• not representative of the population

Sri Lankan data
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Digital human twins (DHTs): “me who is not me”
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Cellina, M. et al. Digital Twins: The New Frontier for Personalized Medicine? Appl. Sci. 2023, 13, 
7940.

Multi-omics
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• DHT - A virtual doppelganger 
• will have all the physical and biological characteristics of 

the person– tissues, organs, systems etc

• allows for in silico simulations of several real-world 
scenarios

• Can be updated real-time with new data 

• can monitor the patient's condition and adjust their 
treatment plan accordingly

• Unlike humans/human brain – can assimilate and process 
limitless amounts of data
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DHTs in Medicine 

Cellina, M. et al. Digital Twins: The New Frontier for 
Personalized Medicine? Appl. Sci. 2023, 13, 7940.
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Medical Training and 
Education

• To learn and practice 
procedures without risk to 
actual patients

• Not an effective model to learn 
the human touch
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In clinical trials and research
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• As‘research participants’
• Can simulate the effects of new treatments or drugs 

on the digital twin

• Safer 
• Phase 1 – avoid use of healthy volunteers/ patients 

with cancers

• Could bridge the gap in treatment response 
between clinical trials and real-world clinical 
practice 
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De Domenico, M., Allegri, L., Caldarelli, G. et al. Challenges 
and opportunities for digital twins in precision medicine from 
a complex systems perspective. npj Digit. Med. 8, 37 (2025)

Personalised medicine

• Predict how a particular drug/ management plan 
will affect the individual patient 
• Could try multiple therapies before the actual

• Predictive analysis
• Forecast health risks
• Detect early signs of disease              Timely interventions
• Simulate different scenarios

to predict the outcome

• Can be effective when discussing management 
options with patients

DHTs
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Challenges and limitations
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Digital Human Twins
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• Issues with data privacy, confidentiality, security

• Issues with informed consent

Massive amounts of data from different people needed

• Must be high quality, accurate, and complete

• Need for standardisation and proper integration

Wide variation in available data
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Digital Human Twins 

SIMCON2025/CW

• Data may not be accurate 

• Medical records – incomplete in many instances

A model based of past and present data

• Fairness – access to technology

• Need for highly skilled and specialised personnel

• More likely to gravitate to resource-rich countries

Expensive

42 /50



• Inaccurate prediction or wrong diagnoses
• Who is responsible and accountable for the 

decisions?

Liability

Digital Human Twins
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Cellina, M. et al. Digital Twins: The New Frontier for Personalized 
Medicine? Appl. Sci. 2023, 13, 7940.
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Pharmacogenomics 
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Pharmacogenomic testing - restricted to few centres

Expensive

• Need Electronic Health Records systems, biotechnology resources 

• Evidence of clinical utility - not easy to obtain

• Cost-effectiveness  - not known for many

• High-cost medicines (cancer drugs) + cost of testing

Equality – not readily available for everyone
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Pharmacogenomics 
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‘Genetic exceptionalism’ 

• Less acceptance by clinicians and regulators of the need for dose modification based on 
genetic variants

• Variations in recommendations

Ethical issue – what should be done if a variant is detected

• Should the choice of medicines be based on the presence of a variant

• Possibility of discrimination of individuals – e.g. insurance

What genetic variants should we in Sri Lanka test for
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PGx – drug labelling and recommendations

• Vary between different agencies

• ‘Testing recommended/ required’ – must be 
done

• ‘Actionable pharmacogenomics’ 
• Label provides information on drug genetic interaction

• Does not require/recommend testing

• “Informative pharmacogenomics’
• a drug–gene interaction has been ruled out,  OR

• is not clinically significant, OR

• for which the label appears on the FDA biomarker list but 
does not fit into the above categories
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Pirmohamed, M. Pharmacogenomics: current status and future 
perspectives. Nat Rev Genet 24, 350–362 (2023). 

Pharmacogenomic information contained in drug 
labels from different regulatory agencies
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In conclusion
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• DHTs are more for the future

• PGx is already here and here to stay

• customises prevention, diagnosis, and treatment  based on individual 
characteristics

• Enormous potential to improve patient care

Precision medicine is Rapidly evolving, Personalised and Promising 

Physicians need to be trained to harness its full potential
BUT should be aware of its limitations
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The Doctor – Luke Fildes, 1891 
Image credits: Wikipedia

Hippocrates 
(460-377 BCE)

"It is far more important to know what person the disease has
than what disease the person has”
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