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• History of transplant 

• Burden of Disease

• Factors that impact Outcomes

• Special emphasis on Living Donor 

• Future Trends



History of Transplant

Key Time Points



First Successful Kidney Transplant

Joseph Murray , Nobel Prize winner
David Hume



History of Transplant

1954

Dr. Joseph Murray performed the first living-related kidney transplant at Brigham Hospital in Boston.

1963

The team of Dr. David Hume and Dr. Joseph Murray performed a successful transplant from a deceased 

donor.

1963

Dr. Thomas Starzl performed the first successful human liver transplant , Denver , Colorado

1966

At the University of Minnesota a pancreas and kidney were successfully transplanted by Dr. Richard 

Lillehei and Dr. William Kelly.

1967

First Heart transplant, Christian Barnard, Cape town , South Africa

1968

Uniform Donor Card becomes a legal document for any adult to donate organs upon death.

1972

Medicare coverage of kidney transplants and renal dialysis is instituted.
https://www.kidney.org/ 



History of Transplant

1983

Cyclosporine is approved by the FDA. This drug is the most successful anti-rejection medication up to this point

1984

A nationwide computer registry is managed by the United Network for Organ Sharing. Also, it is prohibited to sell or 
buy organs in the U.S.

1984

NIH consensus conference that outlined liver transplantation as an accepted modality of treatment of end stage 
liver disease but also for acute liver failure and for selected patients with alcohol as an etiology of liver disease

1986

Hospitals are required to identify potential donors and speak to families about organ donation

1994

Prograf is approved by the FDA for transplant recipients. This medication is an advancement in understanding the 
rejection response in humans, and helps lessen side effects

https://www.kidney.org/ 



Conclusion

• Transplant is a relatively young field

• The significant increase in volume and outcomes occurred only 

in the early 1990s from a combination of improved 

immunosuppression and overall system environment



Burden of Disease and Disparities in 

Treatment Modalities 



Trends in the number of ESRD prevalent cases, by modality, in the US population 

1980-2017 

https://www.usrds.org/ 



Trends in the annual number of ESRD incident cases, by modality, in the US population, 

1980-2017 

https://www.usrds.org/ 



https://www.usrds.org/ 





Clinical characteristics of adults on the kidney transplant waiting list on December 31, 2008, 

December 31, 2013 and December 31, 2018.



Prevalence of comorbid conditions by diagnosis codes (CKD, CVD, & DM among 

Medicare patients aged 65+ years, 2017 

https://www.usrds.org/ 



Distribution of adults waiting for kidney transplant by diagnosis. 

Candidates waiting for transplant at any time in the given year

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: 

(10.1111/ajt.15672) 



Distribution of adults waiting for kidney transplant by race. 

Candidates waiting for transplant at any time in the given year. 

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: 

(10.1111/ajt.15672) 



Distribution of adults waiting for kidney 

transplant by age

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: (10.1111/ajt.15672



Prevalence of ESRD among PEDIATRIC (aged 0–21 years) per million population per year, 

by modality 1996-2016 

https://www.usrds.org/ 



Conclusion on Burden

• There were 746,557 prevalent cases of ESRD in the United 

States; this represents an increase of 2.6% since 2016, and of 

91.1% since 2000, as of Dec 2017

• The crude ESRD prevalence reached 2,203 per million, an 

increase of 1.7% since 2016 and 65.0% since 2000 

• There is a disproportional share of AA s  and elderly with ESRD 

and disproportional number of patients with DM as etiology



Transplant Volume and Disparity



https://www.usrds.org/ 







Percentages of Patients With End-Stage Renal Disease Referred for Kidney 

Transplantation Within 1 Year of Starting Dialysis Among Georgia Dialysis Facilities: 

2005-2011



Conclusion : Kidney Transplant 

• In 2017, 20,945 kidney transplants were performed in the United States 

(20,467 were kidney-alone)

• On December 31, 2017, the kidney transplant waiting list had 75,745 

candidates on dialysis, 47,996(63.4%) of whom were active. Eighty-five 

percent of all candidates were awaiting their first transplant

• Fewer than a third (28%) of kidneys transplanted in 2017 were from living 

donors 

• While the overall number of kidney transplants has increased, the 

unadjusted rate of kidney transplantation among dialysis patients had 

declined beginning in 2000. However, the rate appears to have stabilized 

as of 2013, and has started to rise slightly, driven by an increase in 

deceased-donor transplant rates, over the last three years 



Kidney Transplant Recipient



Guiding Principles

• Kidney and Kidney-Pancreas transplant is still a Treatment (not 

a cure)
• Surgery

• IS medications 

• Life long follow up 

• Considerations: Original Disease

• IS medication side effects

• Long term graft function

• Guiding Principle of Candidate Selection:
Is Transplant Safe,  Is Transplant beneficial?



N Engl J Med 1999; 341:1725-1730



LYFT: Life Years From Transplant

• LYFT is defined as the difference in expected median survival 

for a candidate with a kidney transplant from a specific donor 

and the expected median survival for that candidate without 

any transplant at all. These expected lifetimes with and 

without a kidney transplant are calculated based on the 

medical and demographic characteristics of each candidate. 

(Survival with a kidney transplant incorporates characteristics 

of the donor kidney as well.)

American Journal of Transplantation, Volume: 8, Issue: 4p2, Pages: 997-1011, First published: 12 March 2008, DOI: (10.1111/j.1600-6143.2008.02177.x) 



Calculating Life Years from Transplant (LYFT): Methods for Kidney 

and Kidney‐Pancreas Candidates

American Journal of Transplantation, Volume: 8, Issue: 4p2, Pages: 997-1011, First published: 12 March 2008, DOI: (10.1111/j.1600-6143.2008.02177.x) 



LYFT

• Cox regression models, a proportional hazards model widely 

employed to analyze censored survival data were used to 

estimate death rates and corresponding survival curves for 

candidates

American Journal of Transplantation, Volume: 8, Issue: 4p2, Pages: 997-1011, First published: 12 March 2008, DOI: (10.1111/j.1600-6143.2008.02177.x) 



American Journal of Transplantation, Volume: 8, Issue: 4p2, Pages: 997-1011, First published: 12 March 2008, DOI: (10.1111/j.1600-6143.2008.02177.x) 

American Journal of Transplantation, Volume: 8, Issue: 4p2, Pages: 997-1011, First published: 12 March 2008, DOI: (10.1111/j.1600-6143.2008.02177.x) 

American Journal of Transplantation, Volume: 8, Issue: 4p2, Pages: 997-1011, First published: 12 March 2008, DOI: (10.1111/j.1600-6143.2008.02177.x) 

Calculating Life Years from Transplant (LYFT): 

Methods for Kidney and Kidney‐Pancreas 

Candidates



Calculating Life Years from Transplant (LYFT): Methods for Kidney and 

Kidney‐Pancreas Candidates

American Journal of Transplantation, Volume: 8, Issue: 4p2, Pages: 997-1011, First published: 12 March 2008, DOI: (10.1111/j.1600-6143.2008.02177.x) 

Hypothetical 32‐year survival with and without transplant (Tx) for age 20 versus age 50 years. 



Calculating Life Years from Transplant (LYFT): Methods for 

Kidney and Kidney‐Pancreas Candidates

American Journal of Transplantation, Volume: 8, Issue: 4p2, Pages: 997-1011, First published: 12 March 2008, DOI: (10.1111/j.1600-6143.2008.02177.x) 

Comparison in increase in death rate over time among general population and candidates 

with and without transplant. 



Adjusted all-cause mortality by treatment modality overall, dialysis, and transplant

2001-2017



Improved Survival in ESRD

• In 2017, adjusted mortality rates for ESRD. By dialysis modality, mortality rates 
were 167 for HD patients and 156 for PD patients, per 1,000 patient-years and 29 
per 1,000patient-years

• Between 2001 and 2017, adjusted mortality rates decreased for dialysis patients 
by 28%. The net reductions in mortality from 2001 to 2017 were 27% for HD 
patients and 42% for PD patients.

• •Between 2001 and 2017, unadjusted (crude) mortality rates decreased by 1% 
for transplant recipients. After accounting for changes in population 
characteristics (primarily increasing age), trends in post-transplant mortality 
were much more pronounced, with adjusted mortality rates decreasing by 41% .

• Overall Kidney Transplant Expands lifespan particularly impactful in the DM 
population



Risk of Graft Failure



Graft failure among Adult DECEASED donor kidney transplant recipients.

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: (10.1111/ajt.15672



Graft failure among Adult LIVING donor kidney transplant recipients.

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: (10.1111/ajt.15672



Graft survival among adult deceased donor kidney transplant recipients, 2013, 

By Diagnosis

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: (10.1111/ajt.15672



Patient survival among adult living donor kidney transplant recipients, 2013, by diagnosis

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: (10.1111/ajt.15672



Graft survival among adult deceased donor kidney transplant recipients, 2013, by KDPI



Graft survival among adult deceased donor kidney transplant recipients, 2013, 

by Mode of Death

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: (10.1111/ajt.15672



Graft survival among adult deceased donor kidney transplant recipients, 2013, by 

metropolitan vs. non-metropolitan 

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: (10.1111/ajt.15672



Graft survival among adult deceased donor kidney transplant recipients, 2013, by recipients’ 

distance from transplant center.

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: (10.1111/ajt.15672



Immunosuppression regimen use in adult 

kidney transplant recipients

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: (10.1111/ajt.15672



Incidence of acute rejection by 1 year posttransplant among adult kidney transplant recipients 

by age, 2016-2017.

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: (10.1111/ajt.15672



Post Transplant diabetes among adult kidney 

transplant recipients (NODAT)

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: (10.1111/ajt.15672



Incidence of PTLD among adult kidney transplant recipients by recipient EBV status at 

transplant 2012-2016.

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: (10.1111/ajt.15672



Pancreas Transplant



Total pancreas transplants. 

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 131-192, First published: 02 January 2020, DOI: 

(10.1111/ajt.15673) 



Total pancreas transplants by diagnosis

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 131-192, First published: 02 January 2020, DOI: 

(10.1111/ajt.15673) 



Three‐year outcomes for adults waiting for simultaneous 

kidney‐pancreas transplant, 

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 131-192, First published: 02 January 2020, DOI: 

(10.1111/ajt.15673) 



Patient death at ten years among adult pancreas 

transplant recipients. 

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 131-192, First published: 02 January 2020, DOI: 

(10.1111/ajt.15673) 



Conclusion on Pancreas Transplant

• A relatively small number of transplants are being performed 

for both Type 1 and Type 2 DM.

• The pre and post transplant mortality is high in this group 

despite excellent kidney and pancreas graft survival.

• Pancreas transplant timing is based on the relative balance 

between prevention of DM complications and mortality vs IS 

medications side effects and surgery.



Other Risk Factors for Long-term Graft 

Survival



Social Determinant: Definition

• Conditions in the places where people live, learn, work, and 

play affect a wide range of health risks and outcomes.1 These 

conditions are known as social determinants of health (SDOH). 

(cdc.gov and who.org)



Social Determinant Of Health: 



Social Determinant Of Health: ICD-10 Crosswalk



Prominent Impact of Community Risk Factors on Kidney Transplant Candidate Processes and Outcomes

J. D. Schold E. L. G. Heaphy L. D. Buccini E. D. Poggio T. R. Srinivas D. A. Goldfarb S. M. Flechner J. R. Rodrigue J. D. Thornton A. R. Sehgal



Prominent Impact of Community Risk Factors on Kidney Transplant Candidate Processes and Outcomes
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Prominent Impact of Community Risk Factors on Kidney Transplant Candidate 

Processes and Outcomes

American Journal of Transplantation, Volume: 13, Issue: 9, Pages: 2374-2383, First published: 04 September 2013, DOI: (10.1111/ajt.12349) 



Big Data, Predictive Analytics, and Quality Improvement in Kidney Transplantation: A Proof of Concept

American Journal of Transplantation, Volume: 17, Issue: 3, Pages: 671-681, First published: 02 November 2016, DOI: (10.1111/ajt.14099) 





Living Donor Transplant



Kidney transplants from living donors by donor relation

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: (10.1111/ajt.15672



Living kidney donors by age

American Journal of Transplantation, Volume: 20, Issue: s1, Pages: 20-130, First published: 02 January 2020, DOI: (10.1111/ajt.15672



Is Donating a Kidney Safe?

• The survival of kidney donors was similar to that of controls 

who were matched for age, sex, and race or ethnic group. ESRD 

developed in 11 donors, a rate of 180 cases per million persons 

per year, as compared with a rate of 268 per million per year in 

the general population

Ibrahim HN et al. N Engl J Med 2009;360:459-469.



Ibrahim HN et al. N Engl J Med 2009;360:459-469.

Survival of Kidney Donors and Controls from the General Population



Ibrahim HN et al. N Engl J Med 2009;360:459-469.

Glomerular Filtration Rate (GFR) and Urinary Albumin 
Excretion According to Time since Donation



Grams ME et al. N Engl J Med 2016;374:411-421.

According to Age, Race, and Sex for the 
Base-Case Scenario



Safety of Living Donation

• Overall, LKD ESRD rates were comparable to ESRD incidence 

rates in the general population.

• LKD ESRD rate was almost higher for Blacks than for Whites 

• Furthermore, the median time to progression to ESRD from 

donation was 10.4 years and the median age of LKD with ESRD 

was 31.1 years among Blacks and 47.2 years among Whites

Cherikh W YC, Kramer B, Taranto S, Randall H, Fan P-Y. Race and gender related differences in the risk of end 

stage renal disease after living kidney donation. Am J Transplant 2011; 11: 1650–1655.



Defining Living Kidney Donor ESRD Risk—Looking Beyond Race and Gender

American Journal of Transplantation, Volume: 11, Issue: 8, Pages: 1556-1558, First published: 14 June 2011, DOI: (10.1111/j.1600-6143.2011.03610.x) 



N Engl J Med 2013; 369:2183-2196



Conclusion on Living Donors

• Living donors carry minimal additional risk compared to the 

general population

• With the advent of APOL1 gene screening it will probably make 

living donation among AA safer

• Transplant programs now approach single drug HTN and obese 

donors with limited data on long term outcomes  



Future of Transplant

• Prevention

• Organ Source

• Organ Preservation/ Rehabilitation

• Immune Tolerance and Personalized Medicine

• Improved Health care delivery : access/ affordability



Prevention

• The Burden of Diabetes and CKD ( metabolic syndrome with 

morbid obesity)  in the general population is unsustainable

• Transplant cannot meet the needs of organ failure 

A) we desperately need focus on  preventive medicine to 

decrease burden

B) We need a strong focus on innovation  compared to focus on 

Cancer, HIV or CVD



Organ Source

• Xenotransplant: current restrictions of preformed antibodies 

are being overcome with genetic manipulation

• Still concerns of function/ zoonosis

• Organoids/ cellular transplant

• 3-D /4-D printing of organs

Nature. 2018 Dec;564(7736):352-353. doi: 10.1038/d41586-018-07419-5.

Success for pig-to-baboon heart transplants.

Adv Drug Deliv Rev. 2018 Jul;132:296-332. doi: 10.1016/j.addr.2018.07.004. Epub

2018 Jul 7.  3D bioprinting of tissues and organs for regenerative medicine.

Cell. 2016 Jun 16;165(7):1586-1597. doi: 10.1016/j.cell.2016.05.082.

Modeling Development and Disease with Organoids.



Organ Preservation/ Rehabilitation

• Cold vs Warm perfusion

• Pulsatile Perfusion with oxygenation

• Pharmacological Manipulation (Nano particle to endothelium)

• Genetic Manipulation

https://www.nature.com/articles/s41587-019-0374-x

RSC Adv. 2018 Jul 23; 8(46): 25909–25919.

Thorac Surg Clin. 2015;25(1):27-33. doi: 10.1016/j.thorsurg.2014.09.002.



Immunosuppressive Advances
• Steroid free transplant

• Belatacept monthly infusion (CTLA4 Ig)

• Minimizing IS  with genomic, proteomic, DSA

• Personalized  medicine 

• Use of AI

• Tolerance protocols : Simultaneous BM infusion

• Impact on LONG TERM Chronic allograft 
Nephropathy (CAN) : fibrosis, atrophy

N Engl J Med. 2016 Jan 28;374(4):333-43. doi: 10.1056/NEJMoa1506027



Health Care Delivery

• Currently significant cause of graft loss is due to 

noncompliance 

• Utilizing Telemedicine, mHealth Apps, 

• Increasing Medicare coverage of IS medications


