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“Personalized medicine”

• Choose the most appropriate drug for each individual

• Select an optimal dose

• Identify those at risk from (atypical) adverse drug reactions



Focus on tacrolimus

Matas, Am J Transplant 2014;14 (Suppl 1):11-44



• Dosed by means of therapeutic drug monitoring (TDM)

• Metabolized by Cytochrome P450 3A5 (CYP3A5)

• Several single-nucleotide polymorphisms (SNP) in CYP3A5 gene

• Best characterized is the CYP3A5*3 SNP

• Causes alternative splicing and results in the absence of protein

CYP3A5

Tacrolimus

Kuehl, Nat Genet 2001;27:83-91; Hustert, Pharmacogenet 2001;11:773-9
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Tacrolimus and CYP3A5

• CYP3A5 expressors need a ~50% higher Tac dose to reach target 

concentrations after kidney transplantation

• This has been observed among heart, lung and liver transplant 

recipients, both adults and children

Thervet, Transplantation 2003;76:1233-5; 

Anglicheau, Clin Pharmacol Ther 2004;75:422-33

Haufroid, Pharmacogenetics 2004;14:147-54; 

MacPhee, Transplantation 2005;79:499-502; 

MacPhee, Am J Transplant 2004;4:914-9; 

Zheng, Am J Transplant 2003;3:477-83; 

Zheng, J Clin Pharmacol 2004;44:135-40; 

Tsuchiya, Transplantation 2004;78:1182-7

Zhao, Clin Pharmacol Ther 2009,86:609-18

Birdwell, Pharmacogenet Genom 2011;22:32-42



CYP3A5*3 is the top SNPP

Birdwell, Pharmacogenet & Genom 2011;22:32-42



Residual variability

Hylke de Jonge, Cristoph Metalidis, Maarten Naesens, Diether Lambrechts, Dirk RJ Kuypers



Novel CYP3A4 intron 6 polymorphism

• CYP3A4 intron 6 SNP (rs35599367 C>T), CYP3A4*22 allele

• T variant associated with decreased hepatic mRNA expression and 

decreased CYP3A4 enzymatic activity

• T variant associated with lower statin doses required for lipid control

• Minor allele frequency ~5%

Wang, Pharmacogenomics J 2010;11:274-86



CYP3A5 + CYP3A4 genotype affects Tac dose requirement

Elens, Clin Chem 2011;57:1574-83

CYP3A5 non-expressers + CYP3A4*22 T variant allele carriers

CYP3A5 non-expressers + CYP3A4*22 CC wildtype or

CYP3A5 expressers + CYP3A4*22 T variant allele

CYP3A5 expressers + CYP3A4*22 CC wildtype



Poor metabolizers are at risk of early Tac overexposure

Elens, Clin Chem 2011;57:1574-83



CYP3A5 + CYP3A4 + POR genotype and tacrolimus

Kuypers, Pharmacogenetics Genom 2014;24:597-606



CYP3A5 + CYP3A4 + POR genotype and tacrolimus

Kuypers, Pharmacogenetics Genom 2014;24:597-606



Model

Werk, Clin Pharmacol Ther 2014;96:340-8





Hypothesis

• A CYP3A5-based tacrolimus (starting)dose is more effective and safe 

compared to coventional bodyweight-based Tac dosing



TACTIC trial -Study design
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Higher proportion within target range through genotyping

Thervet, Clin Pharmacol Ther 2010;87:721-6

End point
Control group 

(n=120)
Adapted-dose 
group (n=116) P value

Primary end point

Proportion of patients with TAC C0 in target 
range after six oral doses, % (95% CI)

29.1 %
(22.8-35.5)

43.2%
(36.0-51.2)

0.030



Higher proportion within target range through genotyping

Thervet, Clin Pharmacol Ther 2010;87:721-6

OvershootUnderexposure

n = 6 ; n = 4 n = 96 ; n = 90



TACTIC Clinical endpoints

• Comparable patient and graft survival

• Comparable incidence and severity of delayed graft function

• Comparable incidence of acute rejection

• Comparable renal function

• No differences in other adverse events



Extrapolation of TACTIC?

• Delayed introduction of Tac (after day 6)

• Heavy immunosuppression (rATG induction; high dose MMF)

• Immunologically low-risk population



Relevance of TACTIC?

• More relevant when Tac introduced on day of transplant?

• More relevant for immunologically high-risk population?

• Or when giving no rATG induction therapy or “normal” dose MMF?

 “Mozaiek study” (NTR 2226; www.trialregister.nl)

van Gelder, Clin Pharmacol Ther 2010;87:640-1



Hypothesis of the trial (NTR2226)

Pharmacogenetic (CYP3A5) adaptation of the Tac starting dose

• is more effective in reaching the Tac target concentration range

•and

• leads to superior clinical outcomes 

compared with conventional, bodyweight-based Tac dosing
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MONTH 3 Clinical endpoints: acute rejection, nephrotoxicity



Shuker et al., Am J Transplant 2016;16:2085-96



Primary endpoint

Shuker et al., Am J Transplant 2016;16:2085-96





Comparable time-to-target Tac concentration range

Shuker et al., Am J Transplant 2016;16:2085-96



Safety 

• AEs: 728 (SDG) versus 750 (GBG); p = 0.56

• SAEs: 148 (SDG) versus 167 (GBG); p = 0.40

• 1x death from bacterial peritonitis (SDG)

• Graft survival 97.5% versus 99.2% (3-month)

• 4 graft losses (all vascular complications)

Shuker et al., Am J Transplant 2016;16:2085-96



No difference in BPAR

Shuker et al., Am J Transplant 2016;16:2085-96



Conclusions 

• CYP3A5 genotype-based Tac dosing does not lead to:

an earlier achievement of the tacrolimus target concentration

or

an improvement of clinical outcomes

as compared with standard, bodyweight-based dosing

• Routine genotyping for CYP3A5 cannot be recommended

Shuker et al., Am J Transplant 2016;16:2085-96



Conclusions (2)

• Only ~35% “on target” at first steady state

• Considerable & unexplained residual variability in Tac exposure

• Rapid achievement of target exposure in both groups with TDM

Shuker et al., Am J Transplant 2016;16:2085-96



General conclusions CYP3A5 genotyping

• Pharmacogenetics-assisted Tac dosing 

… may get patients on target faster

… may limit Tac over -and underexposure

• No demonstrated clinical benefit

• Other SNPs may explain residual variability in Tac PK 





Algorithms to aid tacrolimus dosing

Andreu, Clin Pharmacokinet 2017; Jan 3. doi: 10.1007/s40262-016-0491-3. [Epub ahead of print]

Passey, Br J Clin Pharmacol 2011;72:948-87; Passey, Pharmacogenomics 2012;13:1141-7

Elens, Br J Clin Pharmacol 2013;75:1545-7; Ǻsberg, Transplant Int 2013;26:1198-1207;

Boughton, Br J Clin Pharmacol 2013;76:425-31
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Andreu, Clin Pharmacokinet 2017; Jan 3. doi: 10.1007/s40262-016-0491-3. [Epub ahead of print]
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Størset, Transplantation 2015;99:2158-66



Future 

• Further development of algorithm-based tacrolimus dosing 

• Implementation of such algorithms into clinical practice

• Need for end-point studies

• Unmet need for prediction of pharmacodynamics / adverse events



d.a.hesselink@erasmusmc.nl





BACK UP



Example - Azathioprine 

• Treatment of:

- Neoplasia (ALL) 
- Autoimmune disease (rheumatoid arthritis) 
- Inflammatory bowel disease (Crohn’s disease)
- Prevention of rejection after transplantation 

• Metabolized to 6-thioguanine nucleotides:

- Immunosuppressive effect
- Myelotoxicity, hepatotoxicity, pancreatitis, 

gastro-intestinal disturbances



Azathioprine (2)

• Thiopurine S-methyl transferase (TPMT) inactivates azathioprine

• TPMT deficiency leads to accumulation of active 6-thioguanine 
metabolites, resulting in severe hematologic toxicity



Thiopurine S-methyltransferase (TPMT) phenotype

Weinshillboum, N Engl J Med 2003;348:529-37

TPMT activity shows a trimodal distribution



Clinical Pharmacogenetics Implementation Consortium guideline

Phenotype Dosing recommendations for Aza Classification of 

recommendations

Homozygous wildtype or

normal, high activity

Start with normal starting dose (e.g. 2-3 

mg/kg/d).

Allow 2 weeks to reach steady-state after each 

dose adjustment.

Strong

Heterozygote or 

intermediate activity

Start at 30-70% of “target-dose” (e.g. 1-1.5 

mg/kg/d) and titrate based on tolerance.

Allow 2-4 weeks to reach steady state after 

each adjustment.

Strong

Homozygous variant, 

deficient activity

Consider alternative agents.

If necessary start at 10% of “target dose” and 

dose thrice weekly instead of daily.

Allow 4-6 weeks to reach steady-state after 

each dose adjustment.

Strong

Relling et al. Clin Pharmacol Ther 2011;89:387-94

http://www.pharmgkb.org



Residual variability

Werk, Clin Pharmacol Ther 2014;95:416-22

… Exome sequencing revealed a novel SNP (c.802C>T) resulting in a premature
stop codon in CYP3A4 exon 5. … This is, to our knowledge the first case of a
complete failure of CYP3A4 in humans.


