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🎯 Teaching Goals

By the end of this section, you should be able to:

1. Understand the concept of interindividual variability and its 
relevance in pharmacokinetics.

2. Identify key factors influencing variability in drug absorption, 
distribution, metabolism, and excretion (ADME).

3. Explain the role of genetics, age, sex, body weight, and organ 
function in pharmacokinetic variability.

4. Recognize the impact of drug-drug interactions and lifestyle 
factors (e.g. diet, smoking, alcohol) on pharmacokinetics.

5. Interpret pharmacokinetic data from subpopulations (e.g., 
pediatric, elderly, renally impaired).

6. Appreciate the importance of accounting for variability in 
dose optimization and personalized medicine.
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Large Interindividual Variability

3Tozer TN, Rowland M. Essentials of pharmacokinetics and pharmacodynamics. Third edition
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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). 
https://doi.org/10.1038/s41392-023-01619-w

Factors affecting variability



https://www.icp.org.nz/dosing-and-age/dosing-and-age
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Dosing in Age

https://www.icp.org.nz/dosing-and-age/dosing-and-age
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Hellriegel ET, Bjornsson TD, Hauck WW. Interpatient variability in bioavailability is related to the extent of 
absorption: implications for bioavailability and bioequivalence studies. Clin Pharmacol Ther. 1996 
Dec;60(6):601-7. doi: 10.1016/S0009-9236(96)90208-8. PMID: 8988062.

Quantifying Variability: Coefficient of Variation (CV)
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FIGURE 12-5. The interindividual variability in 
concentration and response varies with dose and 
time of observation. Shown are plasma 
concentrations (A and B) and responses (C and 
D) following large (left) and small (right) doses of 
a drug that displays little interpatient variability 
in Cmax, tmax, and maximum response, Emax. 
but large interpatient variability in half-life 
and concentration needed to produce 50% 
maximum response. High dose (top): at tmax, 
the maximum response in all patients is 
produced with little variability in either Cmax or 
response. Greater variability in concentration 
and response is seen at later times. Low dose 
(bottom): at tmax, variability in Cmax is still low, but 
that in response is now considerable. Each line 
corresponds to a different patient.

Dose & Time Dependency
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Variability in enzymes



Variability in enzymes

● differences in individual protein 
amounts

● often dynamic 
(induction/repression)
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Tozer TN, Rowland M. Essentials of pharmacokinetics and pharmacodynamics. Third 
edition.
Achour B, Barber J, Rostami-Hodjegan A. Expression of hepatic drug-metabolizing 
cytochrome p450 enzymes and their intercorrelations: a meta-analysis. Drug Metab 
Dispos. 2014 Aug;42(8):1349-56. doi: 10.1124/dmd.114.058834. Epub 2014 May 30. 
PMID: 24879845.



Large variability & multitude of isoforms (Human Liver)
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Cytochrome P450 (CYP)
UDP-glucuronosyltransfe
rases (UGT)

ATP-binding cassette 
(ABC)

Solute Carrier (SLC)

Afruja Hossain, Sophie Silberhorn, Matthias König. Protein distributions of drug metabolizing and transporting enzymes in the Human Liver. In 
preparation.



Pharmacogenomics
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Pharmacogenomics: Examples



https://www.icp.org.nz/pharmacogenetics/pharmacogenetics 
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Pharmacogenomics

https://www.icp.org.nz/pharmacogenetics/pharmacogenetics


Glimipiride
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Glimepiride - CYP2C9 Genetic Variants
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Glimepiride - Populations
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Metabolic phenotyping
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J.Grzegorzewski, J.Brandhorst, M.König
Physiologically based pharmacokinetic (PBPK) modeling 
of the role of CYP2D6 polymorphism for metabolic 
phenotyping with dextromethorphan
https://doi.org/10.1101/2022.08.23.504981
In print, Frontiers in Pharmacology

● Model predicts effect of 
CYP2D6 activity and genetic 
polymorphisms

● Urinary cumulative metabolic 
ratio (UCMR) for metabolic 
phenotyping

https://doi.org/10.1101/2022.08.23.504981


Renal Impairment
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Hepatic Impairment
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Hepatic Impairment: Glimepiride
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CYP2D6 Polymorphism

[5]
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[5] M. Whirl-Carrillo1, R. Huddart1, L. Gong, K. Sangkuhl, C.F. Thorn, R. 
Whaley and T.E. Klein. "An evidence-based framework for evaluating 
pharmacogenomics knowledge for personalized medicine" Clinical 
Pharmacology & Therapeutics (2021) online ahead of print.

[4]

[4] K. E. Caudle et al., “Standardizing CYP 2D6 Genotype to 
Phenotype Translation: Consensus Recommendations from 
the Clinical Pharmacogenetics Implementation Consortium 
and Dutch Pharmacogenetics Working Group,” Clin Transl Sci, 
vol. 13, no. 1, pp. 116–124, Jan. 2020, doi: 10.1111/cts.12692.
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Activity Score (AS): 

● genetic variants have 

different activity values

● subjects carry 

combinations of these 

variants

● sum of individual 

activity values is the 

activity score (AS)

http://www.ncbi.nlm.nih.gov/pubmed/34216021
http://www.ncbi.nlm.nih.gov/pubmed/34216021


Dextromethorphan - Genetic Polymorphisms CYP2D6
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J.Grzegorzewski, J.Brandhorst, M.König
Physiologically based pharmacokinetic (PBPK) modeling of the role of CYP2D6 polymorphism for 
metabolic phenotyping with dextromethorphan
https://doi.org/10.1101/2022.08.23.504981 [in print, Frontiers in Pharmacology]

Tissue models

Substance/Metabolites

Whole-body model

https://doi.org/10.1101/2022.08.23.504981


Model of CYP2D6 Polymorphism and Variability

“in vitro” data 2D gaussian 
mixture model

located along the vector of 
highest variance
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Michaelis Menten: 
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Metabolic phenotyping
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J.Grzegorzewski, J.Brandhorst, M.König
Physiologically based pharmacokinetic (PBPK) modeling 
of the role of CYP2D6 polymorphism for metabolic 
phenotyping with dextromethorphan
https://doi.org/10.1101/2022.08.23.504981
In print, Frontiers in Pharmacology

● Model predicts effect of 
CYP2D6 activity and genetic 
polymorphisms

● Urinary cumulative metabolic 
ratio (UCMR) for metabolic 
phenotyping

https://doi.org/10.1101/2022.08.23.504981


Dextromethorphan - CYP2D6 Populations
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J.Grzegorzewski, 
J.Brandhorst, M.König
Physiologically based 
pharmacokinetic (PBPK) 
modeling of the role of 
CYP2D6 polymorphism for 
metabolic phenotyping with 
dextromethorphan
https://doi.org/10.1101/2022.
08.23.504981
In print, Frontiers in 
Pharmacology

https://doi.org/10.1101/2022.08.23.504981
https://doi.org/10.1101/2022.08.23.504981
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FIGURE 12-3. A high degree of 
cosegregation exists between midazolam and 
alfentanil exposure after intravenous () and 
oral () administration of these drugs to 12 
subjects. Both drugs are primarily eliminated 
by CYP3A4 catalyzed metabolism, and 
reflect variation in the functional activity of 
this enzyme within this group of subjects. 
(From: Kharasch ED, Walker A, Hoffer C, et 
al. Sensitivity of intravenous and oral 
alfentanil and papillary miosis as minimally 
invasive and noninvasive probes for hepatic 
and first-pass CYP3A4 activity. J Clin 
Pharmacol 2005;45:1187–1197.)

https://basicmedicalkey.com/variabi
lity/


