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Precision Transplant Immunosuppression: 
The Coming Age of Pharmacogenomics



Outline

• Pharmacogenomics (PGx) as a tool for precision medicine (PM) in 
solid organ 

• PGx in hematopoietic cell transplantation

• Barriers & strategies in implementing PGx testing



Problem Statement

• Medication efficacy rates vary considerably

• Millions of adverse drug reactions occur in the United States annually



Problem Statement

In inpatient settings, ADEs:
• Account for an estimated 1 in 3 of all hospital adverse events

• Affect about 2 million hospital stays each year

• Prolong hospital stays by 1.7 to 4.6 days

Office of Disease Prevention and Health Promotion



Problem Statement

Each year, ADEs in outpatient settings account for:
• Over 3.5 million physician office visits

• An estimated 1 million emergency department visits

• Approximately 125,000 hospital admissions

Office of Disease Prevention and Health Promotion



Consequences 

• Frequent dose monitoring and titration for drug with narrow TI

• Iteration among medications

• Significant burdens on the patient, the provider, and the health care 
system as a whole



Valdes & Yin, 2016



Adams et al, 2018



PGx in Solid 
Organ Tx

http://www.phaeurope.org/
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Higher Initial Tacrolimus Blood Levels and Concentration-Dose Ratios

in Kidney Transplant Recipients Who Develop Diabetes Mellitus

E. Rodrigo, M.A. de Cos, G. Fernández-Fresnedo, B. Sánchez, J.C. Ruiz, C. Piñera, R. Palomar,

J.G. Cotorruelo, C. Gómez-Alamillo, S. Sanz de Castro, A.L.M. de Francisco, and M. Arias

ABSTRACT

Posttransplantation diabetes mellitus (PTDM) is a common complication of kidney

transplantation, associated with poorer graft and patient outcomes. Tacrolimus isa strong

immunosuppressive drug associated with low acute rejection rates, but a higher risk for

PTDM. High trough levels of tacrolimus during the first month after transplantation have

been found to be a significant risk factor for the development of PTDM. The aim of this

single-center study was to identify the risk factors for the development of PTDM among

kidney transplant recipients under tacrolimus therapy. We examined 73 cadaveric kidney

transplant recipients receiving tacrolimus between 1994 and 2003. Age, donor and recipient

gender, dialysismethod, body massindex (BMI), first year weight gain, mismatches, incidence

of acute rejection and delayed graft function, hepatitis C serology, first year cumulative

steroid dose, first tacrolimus blood level, first tacrolimus blood level 15 ng/mL, and

corresponding tacrolimus daily doses and concentration/dose ratios (CDR) were also

collected. PTDM was defined as at least 2 fasting blood glucose values 126 mg/dL,

according to the World Health Organization criteria. Incidence of first year PTDM was

27.4%. Patients with PTDM showed significantly higher age, BMI, first tacrolimus blood

level, first tacrolimusCDR, and CDR with tacrolimusblood level 15 ng/mL aswell asless

1-year weight gain. After logistic regression, age (relative risk [RR] 1.060, confidence

interval [CI] 95%, 1.001–1.122; P .043) and first tacrolimus blood level (RR 1.154; CI

95%, 1.038–1.283; P .008) remain significant risk factors for developing PTDM. Older

age and initial tacrolimus blood levels were the main risk factors for PTDM among our

group of patients. Kidney transplant recipients who develop PTDM maintain a high CDR

of tacrolimus.

POSTTRANSPLANTATION diabetes mellitus (PTDM),

an increasingly common complication of kidney trans-

plantation, is associated with poorer graft and patient

survival as well as increased incidence of infections and

cardiovascular events.1,2 Tacrolimus is a strong immuno-

suppressive drug that affords reduced acute rejection rates

as well as frequency of hyperlipidemia and hypertension

after kidney transplantation. However, it is associated with

a higher risk of PTDM, particularly when used as the initial

immunosuppressant.3,4 High trough levels of tacrolimus

during the first month after transplantation have been

shown to be a significant risk factor for the development of

PTDM.5 The aim of this single-center study was to assess

the risk factors for the development of PTDM among

kidney transplant recipients under tacrolimus therapy.

MATERIALS AND METHODS

Tacrolimus-treated renal transplant recipients engrafted in our

center between 1994 and 2003 were included in the study if they

had a first blood level after at least 5 equal doses of tacrolimus and

adequate data. We excluded patients with a known history of

glucose metabolism abnormalities. Among the 73 included pa-

tients, tacrolimus trough concentrations were measured using

microparticle enzyme immunoassay (MEIA). The data set also
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Likely phenotype Genotypes 
Examples of 

diplotypes

Extensive metabolizer 

(CYP3A5 expresser) 

An individual carrying two 

functional alleles 
*1/*1

Intermediate metabolizer 

(CYP3A5 expresser) 

An individual carrying one 

functional allele and one 

nonfunctional allele 

*1/*3, *1/*6, 

*1/*7

Poor metabolizer 

(CYP3A5 nonexpresser) 

An individual carrying two 

nonfunctional alleles 

*3/*3, *6/*6, 

*7/*7, *3/*6, 

*3/*7, *6/*7 

Assignment of Likely Metabolism Phenotypes Based on 

CYP3A5 Diplotypes: 

Functional Status Alleles 

Normal function1  *1  

No function  
 *3,  *6, *7  

Unknown/limited data 
*2,*4, *5, *8, *9 
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CYP3A5 and tacrolimus in renal transplant

early stop codon that results in a nonfunctional protein. In the 

seminal study by Kuehl et al,22 all Caucasian and most African 

American patients with low concentrations of intestinal or 

hepatic CYP3A5 (<21 pmol/mg protein) were homozygous for 

CYP3A5 *3. Those with higher CYP3A5 content (between 21 

and 204 pmol/mg protein) possessed at least 1 copy of CYP3A5 

*1. Carriers of the *1 allele have higher overall CYP3A content 

by approximately three-fold (p=0.001 for Caucasians, p=0.01 

for African Americans). In these patients, CYP3A5 represents 

at least 50% of the total hepatic CYP3A content.

SNPs usually do not occur independently in a given 

individual. Rather, one observes linkage disequilibrium, in 

which two or more SNPs interact because genetic material 

is passed on to the next generation in blocks of DNA known 

as haplotypes. Studies show that the CYP3A5 *1 wild-type 

allele is linked to the CYP3A4 *1B allele. In one study, 67% 

of Caucasians and 100% of African Americans possessing 

CYP3A4 *1B also possessed CYP3A5 *1.24 CYP3A4 *1B 

affects tacrolimus clearance in the same direction. Individu-

als possessing the CYP3A4*1B allele have lower C0 by 35% 

after adjustment for tacrolimus dose compared to wild-type 

individuals.25

Effect of CYP3A5 genotype on 
tacrolimus pharmacokinetics
The wild-type CYP3A5 *1 allele is associated with greater 

production of functional CYP3A5 enzyme, thus leading to 

higher drug-metabolizing activity by CYP3A overall. The 

CYP3A45*1/*1 genotype increases tacrolimus clearance 

by 2-fold, while the heterozygous CYP3A5*1/*3 genotype 

results in approximately 1.7-fold greater clearance compared 

to the CYP3A5*3/*3 population.17,26–27 CYP3A5 *3/*3 has 

48% lower oral clearance compared to CYP3A5 express-

ers11 (Table 3).

In 2012, Terrazino et al28 published a meta-analysis to 

estimate the effect of CYP3A5 6986A>G polymorphism on 

tacrolimus dose-adjusted trough concentration in kidney 

transplant patients. Nineteen studies involving 2,028 patients 

were included in the meta-analysis. Overall, patients with 

the *3/*3 genotype had significantly higher dose-adjusted 

trough concentrations (weighted mean difference: 63.57 ng/

mL per mg/kg, 95% confidence interval [CI]: 50.85–76.30) 

compared with the combined group of *1/*3 and *1/*1 

patients. This effect was maintained when stratified by ethnic 

group (Caucasian and Asian) and by time since transplant 

(£1 month, 3–6 months, 12–24 months). The authors addi-

tionally compared the effect of *1/*1 genotype versus *1/*3 

genotype in 10 studies. The difference in dose-adjusted 

trough concentration was smaller at 19.83 ng/mL per mg/

kg (95% CI: 13.86–25.80).

Table 1 CYP3A5 alleles

Allele Nucleotide variation Effect on CYP3A5 proteina

*1 Wild type Normal function

*2 27289G>T Limited/no data

*3 6986T>C Loss of function

*4 14665T>C Limited/no data

*5 12952A>G Limited/no data

*6 14690C>T Loss of function

*7 27131_27132insA Loss of function

*8 3699G>A Limited/no data

*9 19386C>T

6986T>C

Limited no data

Notes: aNote that “normal” function is not indicative of the most common 

phenotype within the general population. In most ethnic groups, absence of 

functional CYP3A5 is most frequent. Adapted from Birdwell et al.13 For any updates 

to this table or CPIC guideline see: https://cpicpgx.org/guidelines/guideline-for-

tacrolimus-and-cyp3a5/.

Table 2 Frequency of CYPA5 alleles in different ethnic populations

Frequency of CYP3A5 allele

Ethnic population CYP3A5 *1/*1 (%) CYP3A5 *1/*3 (%) CYP3A5 *3/*3 (%)

Caucasian 1 13–17 82–86

Black 37–45 40–54 9–15

Indian 2.5–11 38–57 32–60

Chinese 7.7 44.8 47.4

Notes: Data from Barry and Levine,11 Rojas et al,14 Tang et al,15 Chen et al,16 Boughton et al,17 Niioka et al,18 Chandel et al,19 and Satoh et al.20 

Table 3 Key terminology and defin

i

tions

 Patient profil

e

Allele SNP Effect Tacrolimus 

trough level

Tacrolimus dose 

requirement

CYP3A5 expressers *1/*1 rs6986 AA mRNA splices correctly, leading to greater 

quantity of CYP3A5 enzyme 

¯ 

*1/*3 rs6986 AG ¯ 

CYP3A5 

nonexpressers

*3/*3 rs6986 GG Incorrect mRNA splicing leading to 

nonfunctional CYP3A5 protein

 ¯

Abbreviation: SNP, single-nucleotide polymorphism.

Chen & Prasad, 2018
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Prospective CYP3A5 Genotyping Is 
Associated with Significantly Lower ACR ≥2R 
in Heart Transplant Recipients

Wilson NK1,2, Van Zyl J1,2, Kataria AD1,2, Patel R, Sam T1,2, Hall SA1,2, Askar M1,2,3



Table: Comparison of Outcomes between Patients retrospectively vs. prospectively assessed with 

CYP3A5 genotyping. 

Baseline Characteristics 

Overall 

(n=158) 

Retrospective 

(n=55) 

Prospective 

(n=103) 

P-

value 

Age (years) 59.8 [54.5, 
65.3] 

59.5 [53.9, 64.6] 60.2 [55.4, 65.8] 0.31 

Sex, male 116 (73%) 39 (71%) 77 (75%) 0.74 

Diabetes 64 (41%) 23 (42%) 41 (40%) 0.94 

Ischemic Cardiomyopathy 55 (35%) 19 (35%) 36 (35%) 1.00 

CYP3A5 Genetic Polymorphism    0.56 

*1/*1 11 (7%) 5 (9%) 6 (6%)  

*1/*3 33 (21%) 9 (16%) 24 (23%)  

*1/*other 8 (5%) 1 (2%) 7 (7%)  

*3/*3 95 (60%) 36 (65%) 59 (57%)  

*3/Other 9 (6%) 3 (5%) 6 (6%)  

Other 2 (1%) 1 (2%) 1 (1%)  

Induction    0.02 

None 134 (85%) 43 (78%) 91 (88%)  

Simulect (basiliximab) 17 (11%) 11 (20%) 6 (6%)  

Antithymocyte globulin 
(Thymo, rATG) 

7 (4%) 1 (2%) 6 (6%)  

Outcomes     

FK Coefficient of Variation (%) 27.3 [22.4, 
34.2] 

27.1 [20.7, 34] 27.3 [23.9, 34.4] 0.15 

FK Mean (ng/mL) 10.2 [9.3, 
11.1] 

10.4 [9.4, 11.1] 10.1 [9.3, 11.1] 0.36 

FK SD (ng/mL) 2.8 [2.3, 3.4] 2.7 [2.1, 3.5] 2.8 [2.4, 3.4] 0.30 

Time to stable therapeutic levels 
(days) 

11 [8, 18] 11 [8, 20.5] 10 [7, 17] 0.11 

Time to therapeutic levels (days) 7 [6, 10] 8 [5, 10] 7 [6, 9] 0.79 

ACR≥2R 12 (8%) 11 (20%) 1 (1%) <0.001 

pAMR≥1 8 (5%) 0 (0%) 8 (8%) 0.05 

Death 1-year 1 (1%) 0 (0%) 1 (1%) 1 

Death 2-year 7 (4%) 2 (4%) 5 (5%) 1 

Positive DSA 59 (37%) 21 (38%) 38 (37%) 1 

Positive De Novo DSA 56 (35%) 21 (38%) 35 (34%) 0.72 
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- For a good prediction of tacrolimus pharmacokinetics, 
age, BSA, CYP3A4 and CYP3A5 genotype are important 
covariates. 

- The model proved effective in calculating the optimal 
tacrolimus dose based on these parameters and can be 
used to individualize the tacrolimus dose in the early 
period after transplantation. 
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Avoiding Tacrolimus Underexposure and 
Overexposure with a Dosing Algorithm for 
Renal Transplant Recipients: A Single Arm 
Prospective Intervention Trial
Marith I . Francke1,2,3,*, Louise M. Andrews4,5, Hoang Lan Le4, Jacqueline van de Wetering1,2, 
Marian C. Clahsen- van Groningen2,6, Teun van Gelder7, Ron H. N. van Schaik8, Bronno van der Holt9, 
Brenda C. M. de Winter2,4 and Dennis A. Hesselink1,2

Bodyweight- based tacrolimus dosing followed by therapeutic drug monitoring is standard clinical care after renal 

transplantation. However, after transplantation, a meager 38% of patients are on target at first steady- state and it 

can take up to 3 weeks to reach the target tacrolimus predose concentration (C
0
). Tacrolimus underexposure and 

overexposure is associated with an increased risk of rejection and drug- related toxicity, respectively. To minimize 

subtherapeutic and supratherapeutic tacrolimus exposure in the immediate post- transplant phase, a previously 

developed dosing algorithm to predict an individual’s tacrolimus starting dose was tested prospectively. In this single- 

arm, prospective, therapeutic intervention trial, 60 de novo kidney transplant recipients received a tacrolimus starting 

dose based on a dosing algorithm instead of a standard, bodyweight- based dose. The algorithm included cytochrome 

P450 (CYP)3A4 and CYP3A5 genotype, body surface area, and age as covariates. The target tacrolimus C
0
, measured 

for the first time at day 3, was 7.5– 12.5 ng/ mL. Between February 23, 2019, and July 7, 2020, 60 patients were 

included. One patient was excluded because of a protocol violation. On day 3 post- transplantation, 34 of 59 patients 

(58%, 90% CI 47– 68%) had a tacrolimus C
0
 within the therapeutic range. Markedly subtherapeutic (< 5.0 ng/ mL) and 

supratherapeutic (> 20 ng/ mL) tacrolimus concentrations were observed in 7% and 3% of the patients, respectively. 

Biopsy- proven acute rejection occurred in three patients (5%). In conclusion, algorithm- based tacrolimus dosing leads to 

the achievement of the tacrolimus target C
0
 in as many as 58% of the patients on day 3 after kidney transplantation.

Received November 5, 2020; accepted December 21, 2020. doi:10.1002/ cpt.2163

1Department of Internal Medicine, Division of Nephrology and Transplantation, Erasmus MC, University Medical Center Rotterdam, Rotterdam, The 
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4Department of Hospital Pharmacy, Erasmus MC, University Medical Center Rotterdam, Rotterdam, The Netherlands; 5Department of Hospital 

Pharmacy, Meander Medical Center, Amersfoort, The Netherlands; 6Department of Pathology, Erasmus MC, University Medical Center Rotterdam, 

Rotterdam, The Netherlands; 7Department of Clinical Pharmacy and Toxicology, Leiden University Medical Center, Leiden, The Netherlands; 
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Cancer Institute, Rotterdam, The Netherlands. * Correspondence: Marith I. Francke (m.francke@erasmusmc.nl)

Study Highlights

WH AT IS THE CURRENT KNOWLEDGE ON THE 

TOPIC?

 Renal transplant recipients are at risk for underexposure and 

overexposure to tacrolimus, due to its narrow therapeutic range 

and a large interpatient variability in its pharmacokinetics.

WH AT QUESTION DID THIS STUDY ADDRESS?

 Does the use of a starting dose algorithm for tacrolimus after 

renal transplantation minimize underexposure and overexpo-

sure to tacrolimus in the early post- transplant phase?

WH AT DOES THIS STUDY ADD TO OUR 

KNOW-LEDGE?

 A dosing algorithm that includes age, body surface area, and 

CYP3A4 and CYP3A5 genotype, predicts an individual kidney 

transplant recipient’s tacrolimus starting dose successfully in as 

many as 58% of patients.

HOW MIGHT THIS CHANGE CLINICAL PH ARMA-

COLOGY OR TRANSLATIONAL SCIENCE?

 The use of this tacrolimus dosing algorithm appears to out-

perform standard, bodyweight- based tacrolimus (start) dosing 

and has the potential to reduce tacrolimus exposure outside the 

target concentration range.

ARTICLE
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PGx in HCT
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*1/*3       

*3/*3       



Very 
Convincing!
Right?
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Summary

• PGx testing yields clinically actionable results 
that are conducive to the practice of precision 
medicine

• Future models for prediction of optimal dosing 
will integrate PGx markers as well as biological 
attributes such as pharmacokinetics, age and 
BSA
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