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Outcomes after transplantation 

• Outcomes after solid organ transplant 
are improving, mainly due to a 
reduction in early death 

• Premature death and graft loss in the 
allograft recipient is due mainly to: 

• Recurrent disease 

• Infection 

• Cardiovascular disease 

• De novo malignancy 

• Immune-mediated damage 

 

Neuberger J et al. Transplantation 2017;101: S1–S56 



Role of immunosuppression 

• Many of the causes of premature death and graft loss are related, at least 
in part, to immunosuppression (IMS)1 

• For most solid organ recipients, long term immunosuppression is required 

1 

• We have an increasing                                                                                                       
number of IMS agents                                                                                                            
and formulations                                                                                                       
available2 

• How can we best                                                                                                    
use these to maximise                                                                                                                                                
outcome after                                                                                                            
transplant? 

1. Neuberger J et al. Transplantation 2017;101: S1–S56 
2. Meier-Kriesche H-U and Lodhi S. https://www.medscape.org/viewarticle/726494_9 2010:1-34 (accessed March 2018) 

 
 

Adapted from Meier-Kriesche H-U and Lodhi S.  
https://www.medscape.org/viewarticle/726494
_9 

https://www.medscape.org/viewarticle/726494_9
https://www.medscape.org/viewarticle/726494_9
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Disclosures 

● I have been a speaker for and a consultant to a 

variety of Pharma and Diagnostics companies 

including: Novartis, Astellas, Pfizer, Sanofi, 

Roche, Abbott, Applied Biosystems, Siemens, 

Thermofisher and Waters. 

● I am not on the payroll of any of these companies 

nor do I hold shares in any of them. 

● The content of the slides is mine. 
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Introduction 

● Critical-dose drugs (NTI) difficult to administer.1 

● Impact of intra-patient exposure to tacrolimus.1 

● Rationale for a tacrolimus extended-release formulation.1 

 

NTI: narrow therapeutic index. 

1. Shuker N et al.  Transplant International 2016; 29: 1158–1167. 
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Intra-patient Variability 
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Intra-patient Variability 

● Intra-patient variability 

 Same dose gives rise to fluctuating exposure in the same patient. 

● Assessed by 

 calculating the SD of sequential AUC or Cmin expressed as CV%. 

 calculating the mean absolute difference from the mean Cmin, expressed as a percentage. 

AUC: area under the concentration-time curve; Cmin: minimum concentration; CV: coefficient of variation; SD: standard deviation. 

Kahan B et al. J Am Soc Nephrol 11: 1122-1131 2000. 
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Kidney Tx patients 

n = 808 

6 – 12 months post Tx 

3 – 11 Cmin samples 

Shuker N et al. Transplant International 2016; 29: 1158–1167. 

Intra-patient Variability 
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Intra-patient Variability 

● Factors influencing intra-patient variability1,2 

Metabolism by CYP3A4/5  

Drug efflux by ABCB1 (P-glycoprotein) 

Drug interactions  

Diurnal variation 

Dose adherence 

1. Tsunashima D et al. Clin Ther. 2014; 36:748-59. 

2. Shuker N et al. Transplant International 2016; 29:1158–1167. 
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Formulation Differences 

● Tacrolimus absorbed along the length of the gut.1 

● Elimination half-life suitable for once daily dosing. 

 

● PrografTM (tacrolimus immediate-release capsules) - ~90% released in 1.5h2 

● AdvagrafTM (tacrolimus prolonged-release capsules) - ~90% released in 4 – 

6h3 

● Formulations differ by replacing croscarmellose cellulose with ethyl 

cellulose in prolonged-release formulation.4,5 

 

● EnvarsusTM (tacrolimus prolonged-release tablets) – tmax 6h6 
 

1. Tsunashima D et al. Clin Ther. 2014;36:748-59.  2. Petan JA, Undre N, First MR, et. al. Transplant Proc. 2008;40:1439-42.   3. Tsunashima D, 

Yamashita K, Ogawara K, Sako K, Higaki K.  J Pharm Pharmacol. 2016;68:316-23.  4. Prograf SmPC.   5. Advagraf SmPC.  6. Envarsus 

SmPC. https://www.medicines.org.uk/emc/medicine/29850. Accessed March 2018. 
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PrografTM and AdvagrafTM 
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PrografTM and AdvagrafTM 

Stifft F et al. Transplantation 2014;97:775-80. 
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Figure adapted from Stifft et al, 2014. 
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PrografTM and AdvagrafTM 

● tmax - no significant difference 

●Mean AUC0-24 

 Immediate-release formulation = 219.2µg/L*h 

Prolonged-release formulation = 213.3µg/L*h 

●Mean Cmin 

 Immediate-release formulation = 7.4µg/L 

Prolonged-release formulation = 6.6µg/L 

●Good correlation AUC0-24 vs Cmin for both formulations. 

Stifft F et al. Transplantation 2014;97:775-80. 
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PrografTM and AdvagrafTM 

• Intra-patient variability (CV%) immediate-release formulation 

vs prolonged-release formulation 

AUC0-24 14.1 vs 10.9 (p=0.012) 

Cmin 15.3 vs 13.7 (n.s.) 

• More pronounced effect on intra-patient variability in 

patients with CYP3A5*1/*3 

AUC0-24 18.2 vs 12.8 (p=0.062) 

 

Stifft F et al. Transplantation 2014;97:775-80. 
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PrografTM and AdvagrafTM 

Wu M-J et al. Transplantation 2011;92:648–52. 

129 stable kidney Tx pts 

intra-patient variability 

for Cmin reduced from 

14% to 8.5% (p<0.05) 
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Dose Adherence 
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Kuypers DR et al. Transplantation. 2013;95:333-40. 

219 kidney stable 

kidney Tx patients 

Randomised 2:1 

prolonged-release 

formulation/immediate-
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Electronic data capture 

Assessed after 6 

months 
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Conclusions 

• Compared to tacrolimus immediate-release formulation, 

once daily dosing with prolonged-release formulation: 

 Comparable AUC1 

 Reduced intra-patient variability1 

 Cmin correlates with AUC0-24
1 

 Same monitoring strategy2,3 

 Effect on dose adherence4 

 
1. Stifft F et al. Transplantation 2014;97: 775-80. 

2. Wu M-J et al. Transplantation 2011;92:648–52. 

3. Advagraf SmPC. Astellas Pharma Ltd. 2015. 

4. Kuypers DR et al. Transplantation. 2013;95:333-40. 
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Multiple retrospective, associative studies of IPV 
in kidney transplantation 

Adapted from Kahan et al. J Am Soc 
Nephrol 11: 1122–1131, 2000. 

Adapted from Borra et al. Nephrol Dial 
Transplant 2010;25: 2757–2763. 

Adapted from Goodall et al. Transplant 
Direct. 2017 Aug; 3(8): e192. 

Days 

HHV: highest variability; HV: high variability; IPV: intrapatient variability; LLV: lowest variability; LV: low variability; V: variable.  



Immunosuppression variability 
How much is harmful long-term?  

How wide is the path? 



Trends in renal function in 1 year rejection free 
Kidney Tx. Patients* 

Failed Tx attributed eGFR of 0 
eGFR: estimated glomerular filtration rate; HV: high variability; LV: low variability. 
Whalen et al. Transplantation. 2017 Feb;101(2):430-436. (*author’s own data). 





Outstanding questions about IPV in kidney 
transplantation 

Goldsmith et al. BMJ Open. 2017 Jul 28;7(7):e016144. 

https://www.ncbi.nlm.nih.gov/pubmed/28756385


Widely conserved findings across 5 UK centres 

Ghita et al. J Am Soc Nephrol 28: 2017 SA-PO643. 



Limitations in measurement of functional 
immunosuppression in clinical practice 

Capron et al. Transpl Int. 2012 Jan;25(1):41-7. 

Alloreactive T cell activity 

PBMC intracellular tac level 

Tacrolimus AUC 

Tacrolimus trough level 

PBMC: peripheral blood mononuclear cells.  

https://www.ncbi.nlm.nih.gov/pubmed/21981711
https://www.ncbi.nlm.nih.gov/pubmed/21981711
https://www.ncbi.nlm.nih.gov/pubmed/21981711


One approach proven to improve adherence 
The ADMIRAD study: QD Tacrolimus v BD 

Kuypers et.al. Transplantation 2013;95: 333-340. 

 



Conclusions 

• High IPV consistently associates with worse outcomes in renal transplantation1-3 

• Negative effect demonstrable in stable patients1 

• Application of interventions effective in improving adherence are logical for IPV 

• Prospective interventions require thorough evaluation 

• Negligent not to address high IPV even if purely a surrogate for poor adherence1 

1. Kahan et al. J Am Soc nephrol 11: 1122–1131, 2000. 
2. Borra et al. Nephrol Dial Transplant 2010;25: 2757–2763. 
3. Goodall et al. Transplant Direct. 2017 Aug; 3(8): e192. 
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Adam et al. Am.J.Transpl 2015;15:1267–1282. PSM: propensity score matching. 

99% 

96% 

99% 

96% 

*ITT, intent-to-treat (based 

on tacrolimus formulation 

at 1 month post-Tx) 



• Patients treated with ADVAGRAFTM showed significant graft survival benefit over 

twice-daily tacrolimus (BD) of 8% at 3 years (p=0.01) 

 

• Patients matched for baseline characteristics showed a long-term patient survival benefit 

of 7% at 3 years (p=0.003) when treated with ADVAGRAFTM over tacrolimus BD 

“We hypothesize that differences between the 

treatment regimens, including probable improved 

adherence to treatment and reduced variability of 

tacrolimus exposure observed with prolonged-

release tacrolimus, have      long-term beneficial 

effects.” 

Adam et al. Am.J.Transpl 2015;15:1267–1282. 



De Geest et al. Transplant International. 2014; 27: 657–666  

 

 



Abstract presented at ILTS 2017 PBC: primary biliary cirrhosis; PSC: primary sclerosing cholangitis. 



Abstract presented at ILTS 2017 



NHSBT Annual Report Sep 2017  
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