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OUTLINES

•Tacrolimus therapeutic drug monitoring

•Interapatient Variability (IPV)

•Pharmacogenetics

•Pharmacokinetic model to predict starting 
dose







Different modalities of tacrolimus 
therapeutic drug monitoring









What is intra-patient variability (IPV)? 

• The tendency for the same dose of tacrolimus to provide 
fluctuating trough levels over time within a single patient

. 

Cervelli M, Russ G. Aus J Pharmacy 2012;93:83-86

How is intra-patient variability assessed clinically? 

Coefficient of 
variation (CV)

• Ratio of the SD to the mean, 
expressed as %

• Higher % CV = higher 
variability

CV (%) =
𝑆𝐷

𝑚𝑒𝑎𝑛
× 100

Standard deviation 
(SD)

• Measures spread of values around 
the mean

• Higher value of SD = higher variability

TacSDj=
σ𝑖 𝐶0𝑖𝑗−𝐶0𝑗
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Intra-patient variability

Neuberger J, et al. Transplantation 2017;101(4S): S1–S56.





• Retrospective cohort study in which tacrolimus IPV was calculated from 
pre-dose concentrations measured 6-12 months post-transplantation 
(N=808)

IPV, intra-patient variability. 

Shuker N, et al. Transpl Int 2016;29:1158-1167.

High IPV is associated with 
poor long-term outcome

Long-term transplant 

outcomes were significantly 

worse in patients with high 

IPV in tacrolimus exposure 

(>16.2%) (p=0.018)
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Intra-patient variability (IPV) in tacrolimus 

C0 concentrations can be considered a 

potential biomarker of treatment outcome.





High (C0/D < 1.05) vs Low Metabolizer (C0/D ≥ 1.05 )



The main enzyme involved is CYP3A5, followed by CYP3A4.

Tacrolimus Metabolization



CYP3A5*3, CYP3A4*22, CYP4A4*1B, ABCB1



Several genetic polymorphisms in selected SLC and ABC transporter encoding 

genes have been reported to be associated with tacrolimus exposure and its toxicity.

(ABCB1 gene product)



The Influence  of CYP3A 
Pharmacogenetics on 

Tacrolimus Pharmacokinetics, IPV,
C0/D Ratio, and Clinical Outcome











*3/*3

*1/*1







CYP3A5 Genotype and Tacrolimus IPV









• Approximately 70–80% of tacrolimus is distributed in erythrocytes, low hematocrit will 

reduce the whole-blood concentrations of tacrolimus 

• Patients with a lower hematocrit had higher CL/F.



C0 of 10 ng ml–1 ≈ an AUC0-12h of 222 ng h ml–1





Basing the tacrolimus starting dose on the 

patient’s CYP3A genotype may be beneficial:

1. The targeted C0 was achieved sooner.

2. Required fewer dose modifications.



The CYP3A5 Genotype and Tacrolimus C0/D Ratio

•Patients with a C0/D ratio of <1.05 ng/ml/mg 
were characterized as fast metabolizers.

•Patients with a C0/D ratio of 1.05–1.54 
ng/ml/mg were characterized as intermediate 
metabolizers.

•Those with a C0/D ratio of >1.55 ng/ml/mg 
were defined as low metabolizers.





82.1% patients had C0/D > 1.55 ng/mL/mg.



Take Home Message

•Pharmacogenetics helps explain “how much 
tacrolimus the patient needs.”

•IPV explains “how stable tacrolimus exposure 
remains over time.”

•The C0/D ratio in post-transplantation period 
explains  “metabolizer phenotype”



Take Home Message

•Precision immunosuppression is an  
integrated approach that combines 
pharmacogenomic insights with 
phenotypic measures, clinical context, 
laboratory data and a deeper 
understanding of tissue-level drug 
exposure.





Dose = CL/F * AUC.



Will Membrane Transporters Ever 
Become Pharmacogenetic 
Biomarkers of
Tacrolimus Pharmacokinetics and 
Pharmacodynamics?



•In patients with a faster metabolism 
(CYP3A5*1/*3, CYP3A5*1/*1), the dose 
required to reach target tacrolimus trough 
concentrations is higher.
•A low tacrolimus C0/D. 

•High IPV 






