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Learning Objectives

Provide the information informing the application of personalized medicine to transplant care.







Who am I?





From Thorsby. Tissue Antigens 2009



1969

Paradigm: Transplantation is 
limited by individual immune 
incompatibility that gives rise 

to an immune response, 
which can be measured.

Crossmatch

Graft 
Rejection

Functioning 
Graft

Positive 24 6

Negative 8 187



Gebel and Bray, Curr Opin Neph Hypertension. 2010.
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Alloantibody Measurement

• Pre-formed DSA is a clearly established risk factor for 
graft loss.

• De novo DSA is a clearly established risk factor for graft 
loss, and a likely biomarker for non-adherence.

• Modern immunosuppression, when used well, is good at 
preventing DSA formation.

• The cost effectiveness of serial DSA monitoring is not well 
established and protocols for DSA monitoring are not 
standardized.
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Changes T cell Phenotype with Age
Reduced thymus, increased reliance on homeostatic proliferation

Chen, et al. Mech Aging Dev. 2010, 131:29-37.
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Variable Exhaustion/Senescence 
Profiles at Presentation for Transplant
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Advanced Exhaustion post Thymectomy



Thymectomy and Immune Exhaustion

Pediatr Cardiol. 2015 Oct;36(7):1411-6.





Tacrolimus AUC

Abbreviated tacrolimus area-under-the-curve 

monitoring for renal transplant recipients.

Wong KM, Shek CC, Chau KF, Li CS.

Am J Kidney Dis. 2000 Apr;35(4):660-6.

10+1.4*0h +0.8*1h+1.6*2h+5.5*4h

Universal approach to pharmacokinetic 

monitoring of immunosuppressive agents in 

children.

Filler G, Feber J, Lepage N, Weiler G, Mai I.

Pediatr Transplant. 2002 Oct;6(5):411-8.

4.2+3.2*0h +1.3*1h+0.8*2h+5.5*4h

Target 80-120

https://www.ncbi.nlm.nih.gov/pubmed/10739787
https://www.ncbi.nlm.nih.gov/pubmed/12390429


Phenotypic Personalized Medicine

Zarrinpar, et al. Sci Trans Med. 2016; 8: 333ra49 



Cost DNA Sequencing vs. Moore’s Law

Moore’s Law
Cost of Computers

Cost of DNA 
Sequencing





Who am I?
What is happening?







JCI 2010; 120:1836-47.





Mechanisms of Allograft Rejection

Thymic Selection

Precursor Frequency Direct and Indirect 
Antigen Presentation

T/B cell Activation

T cell Trafficking

DAMPs

Effector Molecules/ 
Antibody

Transplantation 2006; 82(5):593-602





PBMCs 

stimulated by 

donor/third 

party mDCs

Strategy for Alloreactive TCR discovery

PBMC 
collection

PBMC culture 
with allo 

antigen(s) 

FACS sorting for 
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clones

TCR library 
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Deep 
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TCR 
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PBMCs

Direct  ex vivo Repertoire Sequencing

5 days

Repertoire Sequencing for 
T cells after alloantigen-
stimulated proliferation
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Execution



Original Article
Medication understanding, non‐adherence, and clinical outcomes among adult 
kidney transplant recipients
Patzer , et al

• patients took a mean of 10 medications 

• 32% had a medication change within the last 

month. 

• patients knew what 91% of their medications were 

and demonstrated proper dosing (via observed 

demonstration) for 83% of medications. 

• 35% were non‐adherent based on either 
self‐report or tacrolimus level



Am J Transplant. 2018; 18:1914-1923



The association between loss of Medicare, immunosuppressive medication use, and kidney 

transplant outcomes
Allyson Hart, MD, MS,1,2 Sally K. Gustafson, MS,1 Andrew Wey, PhD,1 Nicholas Salkowski, PhD,1 Jon J. Snyder, 

PhD,1,3 Bertram L. Kasiske, MD,1,2 Ajay K. Israni, MD, MS1,3

1Scientific Registry of Transplant Recipients, Hennepin Healthcare Research Institute, Minneapolis, Minnesota
2Department of Medicine, Hennepin Healthcare, University of Minnesota, Minneapolis, Minnesota 
3Department of Epidemiology and Community Health, University of Minnesota, Minneapolis, Minnesota 

Am J Transplant 2019 (in press)



Personalized vs. Probabilistic



Who will I be?
What will happen?

Who am I?
What is happening?







Chaos
Lorenz equations for atmospheric convection

Edward N. Lorenz, 1963

“Two states differing by imperceptible 
amounts may eventually evolve into two 
considerably different states ... If, then, there 
is any error whatever in observing the present 
state — and in any real system such errors 
seem inevitable — an acceptable prediction of 
an instantaneous state in the distant future 
may well be impossible.... In view of the 
inevitable inaccuracy and incompleteness of 
weather observations, precise very-long-range 
forecasting would seem to be nonexistent.”



Hurricane Florence





Summary
• Personalized medicine is increasingly possible, with 

numerous technologies informing the condition of 
transplant patients.

• Numerous biomarkers exist already and are 
underutilized.

• Our inability to execute on basic care delivery will 
obscure the impact of personalized care design.

• Definition of a current state does not establish grounds 
for prediction of a future state.



Thank you


