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The burden of cancer after kidney 
transplantation 



UK Transplant data – long-term mortality 
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11.1 Kidney graft and patient survival 
 
11.1.1 Adult kidney recipients - donor after brain death (DBD)  
 

Figure 11.1 shows long-term graft survival in adult (³18 years) recipients for first kidney only transplant from donors after brain death. 
Table 11.1 shows the graft survival estimates and c onfidence intervals for one, two, five and ten years post-transplant. There have been 
significant improvements in one, two and five year survival over the time perio ds shown, p<0.01 in each case. Table 11.2 shows the patient 
survival estimates and confiden ce intervals for one, two, five and ten years post-transplant. There have been significant improvements in one, 
two and five year survival over the time periods shown, p<0.02 in each case.  
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Table 11.1 Graft survival after first adult kidney only transplant from a DBD 

Year of No. at risk % Graft survival (95% confidence interval) 
transplant on day 0 One year Two year Five year Ten year 

 
1998-2000 2890 90 (89-91) 88 (87-89) 82 (81-84) 71 (69-72) 

2001-2003 2773 91 (90-92) 89 (88-90) 83 (81-84)   

2004-2006 2469 93 (92-94) 91 (90-92) 85 (84-87)   
2007-2010 2868 94 (93-94)       
 

 

Table 11.2 Patient survival after first adult kidney only transplant from a DBD 

Year of No. at risk % Patient survival (95% confidence interval) 
transplant on day 0 One year Two year Five year Ten year 

 

1998-2000 2890 95 (94-96) 93 (92-94) 87 (86-88) 75 (73-77) 

2001-2003 2773 95 (94-96) 93 (92-94) 88 (86-89)   
2004-2006 2469 97 (96-97) 95 (94-96) 90 (88-91)   

2007-2010 2868 96 (95-97)       
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11.1.2 Adult kidney recipients - donor after circulatory death (DCD)  
 
Long-term graft survival in adult recipients for kidney transplants from donors after circulatory death is shown in Figure 11.2. Table 11.3 
shows the graft survival estimates and confidence intervals for one, two, five and ten years post -transplant. There has been a significant 
improvement in one, two and five year survival over the time periods shown, p<0.01  in each case. One year patient survival is comparable 
for DBD and DCD donor transplants in the most recent time periods . Table 11.4 shows the patient survival estimates and confidence intervals 
for each time period analysed . There were no statistically significant changes in patient survival over time (p>0.1).  
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Table 11.3 Graft survival after first adult kidney only transplant from a DCD 

Year of No. at risk % Graft survival (95% confidence interval) 

transplant on day 0 One year Two year Five year Ten year 

 
1998-2000 116 83 (75-89) 82 (74-88) 74 (64-81) 60 (50-69) 

2001-2003 232 91 (87-94) 90 (85-93) 83 (77-87)   
2004-2006 528 94 (91-96) 92 (90-94) 87 (84-90)   

2007-2010 1642 91 (90-93)       
 

 

Table 11.4 Patient survival after first adult kidney only transplant from a DCD 

Year of No. at risk % Patient survival (95% confidence interval) 

transplant on day 0 One year Two year Five year Ten year 
 

1998-2000 116 92 (85-96) 90 (83-95) 84 (75-89) 67 (57-75) 
2001-2003 232 96 (92-98) 94 (90-96) 86 (81-90)   

2004-2006 528 95 (93-96) 93 (91-95) 86 (82-89)   
2007-2010 1642 96 (94-97)       
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11.1.3 Adult kidney recipients - living donor 
 
Long-term graft survival in adult recipients for living donor kidney transplants in the UK is shown in Figure 11.3. Table 11.5 shows graft 
survival estimates and confidence intervals for each time period analysed . There has been a significant improvement in five year  graft survival 
over the time periods shown, p=0.02. Table 11.6 shows the patient survival estimates and confidence intervals for one, two, five and ten years 
post transplant. There were no statistically significant change s in patient survival over time (p>0.1).  
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Table 11.5 Graft survival after first adult living donor kidney transplant 

Year of No. at risk % Graft survival (95% confidence interval) 

transplant on day 0 One year Two year Five year Ten year 
 

1998-2000 655 96 (94-97) 94 (92-96) 89 (86-91) 80 (76-83) 
2001-2003 916 95 (93-96) 94 (92-95) 89 (87-91)   

2004-2006 1317 96 (95-97) 95 (94-96) 92 (90-93)   

2007-2010 2860 96 (96-97)       
 

 

Table 11.6 Patient survival after first adult living donor kidney transplant 

Year of No. at risk % Patient survival (95% confidence interval) 
transplant on day 0 One year Two year Five year Ten year 

 
1998-2000 655 98 (96-99) 98 (96-98) 95 (93-97) 90 (87-92) 

2001-2003 916 98 (97-99) 97 (96-98) 95 (94-96)   

2004-2006 1317 99 (98-99) 98 (97-99) 96 (95-97)   
2007-2010 2860 99 (98-99)       
 

 



Risk for cancer increases with time post-transplant 

62 

McCaughan and Courtney. Am J Transplant 2015 



Cause of mortality after kidney transplantation (kidney-only transplants, 
England, 2001-2012) 

Death within first year Death by median 4.4 year follow up (IQR 2.2-7.3 years) 

Malignancy 

Farrugia et al. Transplant Int 2014 



UK Renal Registry 19th Annual Report: Chapter 5 Survival and Causes of 
Death in UK Adult Patients on Renal Replacement Therapy in 2015 

www.renalreg.org 



Deaths in Australia/NZ for 2016 for RRT patients 

www.anzdata.org.au 



Outcomes in Australia/NZ for 1990-2012 after incident post-transplant 
cancer 

Lim et al. Oncotarget 2017 



Patient perspectives after transplantation 

Howell et al. AJKD 2012 



Epidemiology of post-transplant cancer 



Cancer incidence before and after kidney transplantation 

Vajdic et al. JAMA 2006 
0.01  0.1  1  10  100 

Standardised incidence ratio 
0.01  0.1  1  10  100 

Standardised incidence ratio 
0.01  0.1  1  10  100 

Standardised incidence ratio 



SIR for HPV-related cancers comparing HIV/AIDS versus transplant 

Grulich et al. Lancet 2007 



SIR for selected cancers comparing HIV/AIDS versus transplant 

Grulich et al. Lancet 2007 



Risk for renal cell cancer stratified by time on dialysis before kidney 
transplantation 

Karami et al. AJT 2016 

HR       95% CI 



Post-transplant cancer in the UK – incidence versus mortality 

Site Incidence1 (17.6%) Mortality2 (18.0%) 

Renal 3.5% 9.8% 

Upper GI 2.0% 7.2% 

Lower GI 4.7% 8.0% 

Lung 4.0% 17.6% 

Lymphoma 8.8% 18.4% 

Breast 2.6% 3.2% 

GU (not including renal) 1.7% 2.7% 

Prostate 2.5% 1.6% 

Haematological 0.4% 2.7% 

Skin 55.9% 3.2% 

Pancreas 0.6% 4.0% 

Liver 0.4% 2.7% 

Female 1.4% 2.4% 

1Incidence population (n=25,104, median follow up 16 years), Collett et al, AJT 2010 
2Mortality population (n=19,103, median follow up 4.4 years), Farrugia et al, Kidney Int 2014 



What general risk factors exist for developing cancer? 

• Infectious agents 

• Immunosuppression 

• Obesity 

• Radiation 

• Sun exposure 

• Tobacco 

 

• Age 

• Alcohol 

• Cancer-causing substances 

• Chronic inflammation 

• Diet 

• Genetic 

• Hormones 
Transplantation risk 



Post-transplant cancer as a complication of (over)immunosuppression 

• T-cell depletion treatment for 
rejection1 

• Increasing HLA-DR mismatches2 

• Extended criteria kidneys3 

• Kidney re-transplants (RCC only)4 

• Steroid treatment for rejection1 

• Kidney re-transplants (non-RCC 
cancers)4 

• ABO-incompatible kidney 
transplantation5 

1Lim et al. Transplantation 2014 
2Hussain et al. Transplantation 2016 

3Kalil et al. Clin Transplant 2015 
4Ma et al. Transplantation 2014 

5Hall et al. Transplantation 2013 

INCREASED CANCER RISK   NO INCREASED CANCER RISK 



Risk for cancer comparing transplant versus failed transplant recipients 

Van Leeuwen et al. BMJ 2010 

Transplant 

Failed transplant 



Can we prevent cancer post kidney 
transplantation? 

 



(1) Encourage lifestyle modifications 

1 in 2* 
chance of 

cancer 
4 in 10* 
cancers 
could be 

prevented 
by lifestyle 

changes 

•Not smoking 

•Keep a healthy body 
weight 

• Eat a healthy, 
balanced diet 

•Cut back on alcohol 

• Enjoy the sun safely 

•Keep active 

www.cancerresearchuk.org/about-cancer/causes-of-cancer 

*General population 
data from Cancer 
Research UK 

http://www.cancerresearchuk.org/about-cancer/causes-of-cancer
http://www.cancerresearchuk.org/about-cancer/causes-of-cancer
http://www.cancerresearchuk.org/about-cancer/causes-of-cancer
http://www.cancerresearchuk.org/about-cancer/causes-of-cancer
http://www.cancerresearchuk.org/about-cancer/causes-of-cancer
http://www.cancerresearchuk.org/about-cancer/causes-of-cancer
http://www.cancerresearchuk.org/about-cancer/causes-of-cancer


(2) Screening guidelines from the RA (endorsed by the BTS) 

• We recommend that renal 
transplantation should only be 
considered in potential recipients 
with previous malignancy 
(excluding NMSC) if there is no 
evidence of persistent cancer. It is 
recommended the waiting time 
between treatment/remission and 
transplantation be at least 2-years 
(and in some cases >5 years). The 
Israel Penn Transplant Tumour 
Registry should be consulted for 
specific advice (1A) 

Pre-transplantation (2010) 
      

https://bts.org.uk/guidelines-standards/ 



 (2) Screening guidelines for minimum cancer-free time intervals for 
transplantation 

0 years 

Minimum 2 years 

5 years 
Minimum 5 years 
Contraindicated 

No guidance Chapman et al. Cold Spring Harb Perspect Med 2013 



(2) Pre-transplant cancer is a risk for post-transplant cancer mortality 

Farrugia et al. Kidney Int 2014 



(2) Pre-transplant cancer is NOT a risk for post-transplant cancer mortality 

Viechelli et al. Transplantation 2015 



(2) Screening guidelines from the RA (endorsed by the BTS) 

• Screening should be similar to the 
general population for cervical, 
breast, colon and prostate cancer 
(2C) 

• Screening is not recommended for 
renal cell carcinoma (2C) 

• We recommend that renal 
transplantation should only be 
considered in potential recipients 
with previous malignancy 
(excluding NMSC) if there is no 
evidence of persistent cancer. It is 
recommended the waiting time 
between treatment/remission and 
transplantation be at least 2-years 
(and in some cases >5 years). The 
Israel Penn Transplant Tumour 
Registry should be consulted for 
specific advice (1A) 

Pre-transplantation (2010)    Post-transplantation (2017) 

https://bts.org.uk/guidelines-standards/ 



(2) Which cancers are we meant to screen? 

Official UK screening programs Other screening available 

• Bowel 
• Two-yearly test kits for men and 

women aged 60-74 (50-74 in 
Scotland) 

• Breast 
• All women aged 50-70 (every 

three-years) 

• Cervical 
• All women aged 25-64 (every 

three-years) 

 

• Prostate 
• Men over 50 can request 

• Lung 
• Trials in progress 

• Ovarian 
• Trials in progress 

• PTLD 
• EBV PCR in paediatric and stem cell 

transplant setting only 

• Renal 
• No strong evidence base 



(2) Screening for RCC post kidney transplantation 

Wong et al. NDT 2011 



(2) Cancer Screening Recommendations for Solid Organ Transplant 
Recipients: A Systematic Review of Clinical Practice Guidelines 

Domain 1. Scope and Purpose 
Domain 2. Stakeholder Involvement 
Domain 3. Rigour of Development relates to the process used to gather and synthesize the evidence, the methods to 
formulate the recommendations, and to update them. 
Domain 4. Clarity of Presentation  
Domain 5. Applicability pertains to the likely barriers and facilitators to implementation, strategies to improve uptake, 
and resource implications of applying the guideline. 
Domain 6. Editorial independence Acuna et al. AJT 2016 



(2) Aggressive cancer screening post 
kidney transplantation 

ANNUAL 
• Abdominal USS and CT 
• Chest CT 
• Neck USS 
• Upper GI endoscopy 
• Tumour markers 
• Mammogram (women) 
• Pap smears (women) 
• PSA (men) 
• Skin and lip exam 

3-6 MONTHLY 
• Faecal blood test 

(colonoscopy if +) 
• Urine cytology 

Kato et al. Cancer Med 2015 



(2) Screening compliance is poor post-transplantation 

Acuna et al. AJT 2017 



(3) Can we pre-emptively modify immunosuppression? 

Antigen presenting cell 
IL-2 receptor 

Calcium 

Calcineurin 

IL-2 

Cell cycle 

mTOR 

MHC peptide 

Co-stimulation 

T cell IL-2 transcription 

NFAT 

T-cell receptor 



(3) Induction agents and risk for post-transplant cancer 

 
 

Hall et al. Transplantation 2015 



(3) Risk of post-transplant cancer is related to time-weighted average 
tacrolimus exposure 

 
 

Lichtenburg et al. Eur J Clin Pharamcol 2017 



(3) Low tacrolimus exposure is linked to poor graft-related outcomes 

 
 

Davis et al. AJT 2017 



Wagner et al. Cochrane Database Syst Rev 2015  

(3) MMF versus azathioprine for post-transplant cancer risk 



Favours Sirolimus  :  Favours Control 

Knoll et al. BMJ 2014 

(3) Effect of sirolimus on cancer and survival after kidney transplantation 



(3) Cochrane review – belatacept v CNI (cancer data) 

Masson et al. Cochrane Database Syst Rev 2014 



(4) Personalised cancer medicine 

1. Find out the chances of a person developing cancer and selecting 
screening strategies to lower the risk 

 

2. Match patients with treatments that are likely to be more effective 
and cause fewer side effects 

 

3. Predict the rate of cancer recurrence 



(4) Limitations of the data 

• Transplantation practice has 
evolved over last decade 

• US data cannot be translated to 
the UK for transplant recipients 

• Lack of patient-level data on 
screening and management 
after post-transplantation cancer 
diagnosis 

• Registry or administrative data in 
isolation is limited 

 



Improving our understanding of cancer 
epidemiology after solid organ 

transplantation 
 
 
 
 
 
 
 

clinicaltrials.org.identifer: NCT02991105 



 

1. Compare observed and expected risks of specific causes of deaths after 
transplantation 

2. Investigate survival and causes of death after cancer in post-transplant patients  

3. Compare observed and expected risks of specific cancer types after 
transplantation 

4. Estimate risk of morbidity requiring hospitalisation post-transplantation 

5. Post-transplant cancer risk prediction using machine learning  

6. Evaluate up-take of existing general population cancer screening among solid 
organ transplant recipients 

7. Investigate management of cancer after solid organ transplantation 

8. Develop standardised clinical follow-up guidelines for solid organ transplant 
recipients 

EpCOT research questions 

National 
record 
linkage 

UHB 
recruitment 

British 
Transplantation 
Society 



National Cancer 
Registration and 
Analysis Service 

Office for 
National Statistics 

NHS-Digital 

Anonymised data & 
date of death for all 
English transplant 
patients (n=85,410) 

Identifiable data & 
study number  

Identifiable data & 
study number  

Identifiable data & 
study number  

Hospital Episode 
Statistics 

Identifiable data & 
study number  

UK Transplant 
Registry 

Section 251 approval 
Ethical approval 

R&D approval 
Approved Researcher status 

University 
Hospitals 

Birmingham 

National record linkage 



Primary care 
data 

Identifiable data for 
University Hospitals 
Birmingham transplant 
patients only (n~4,000) 

University 
Hospitals 

Birmingham 

Self-reported 
questionnaire 

Hospital Episode 
Statistics 

Identifiable data & 
study number  

UHB recruitment 

Recipient 
tissue and 

blood samples 

Donor 
samples??? 



Conclusions 

• Mortality from cancer is increasing with time post-transplantation and becoming 
the leading cause of death 

• Particular groups are at high risk for developing cancer 

• Lifestyle modification must be strongly encouraged 

• Screening strategies should follow national guidelines but also may require 
tailoring for transplant-specific risk: 
• Routine native kidney USS if high dialysis vintage? 

• Attenuation/modification of immunosuppression must balance risk-versus-benefit 
stratification on patient-by-patient basis 

• Population-based health data may provide answers and updates to un-answered 
questions – the EpCOT study is designed to address this evidence-base gap 



Thank you 
for you 
attention 

adnan.sharif@uhb.nhs.uk 


