
Practical recommendations on long-term 
management of modifiable risks in kidney and liver 

transplant recipients – COMMIT Guidance

Dirk R J Kuypers, MD PhD
Department of Nephrology and Renal Transplantation, University Hospitals Leuven

University of Leuven, Belgium



Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 



What are the key challenges we still face?

* 1-year and cumulative 5- and 10-year age-adjusted kidney graft survival rates calculated for 2005-2008 by period analysis; 
† Survival probabilities were adjusted for age, gender and cause of end-stage renal disease (data shown in figure for period 2004-2008)
1. European Liver Transplant Registry. Patient and graft survival after liver transplantation 1988–2015. http://www.eltr.org/Evolution-of-LTs-in-Europe.html. Accessed March 2017. 
2. Gondos A et al. Transplantation. 2013;95:267–274; 3. Kramer A et al. Clin Kidney J. 2016;9:457–469.

Patient and graft survival continue to decline 1 year post-transplantation

1–10-year graft and patient survival rates after kidney transplantation 
Adapted from Gondos 2013 and Kramer 20162,3

1–10-year graft and patient survival rates in liver transplantation1

Adapted from European Liver Transplant Registry
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Reduced QOL after kidney transplantation 
vs general population 

QoL, quality of life. 

1. Cornella et al. Transplant Proc 2008;40:1865–1866.

Similar QoL to age- and gender-matched population Significantly different QoL to age- and gender-matched population
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• QOL and survival in liver transplant recipients are lower than those seen in the age- and sex-matched 
general population1

Reduced survival and QOL after liver transplantation 
vs general population

HRQoL, health-related quality of life. 

1. Neuberger J. Liver Transpl. 2009; 15:S1–5; 2. Onghena L et al. World J Hepatol. 2016;8:749–56.

After liver transplant HRQoL
improves and remains stable; 

however, this does not reach the 
level of the general population2



The reduction in long-term graft and patient 
survival, in comparison with the general 

population, is determined by many factors 
some of which can be modified by allograft 

recipients and clinicians  



What is COMMIT? 

The Consensus On Managing Modifiable risk In Transplantation 
(COMMIT) clinician group was formed in 2015 to provide expert 

practical guidance for the long-term identification and management of 
modifiable risk factors in kidney and liver transplantation

What is the aim of COMMIT?

To recognise and implement simple and small changes that focus on the 
preventable causes of graft loss and premature death

Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 



Who are the COMMIT group?

James Neuberger
CHAIR

20 leading kidney and 

liver transplant specialists from

ten countries across 

Europe

Wolf Bechstein
LIVER WORKSTREAM LEAD

Dirk Kuypers
KIDNEY WORKSTREAM LEAD



• To provide specific, practical recommendations focussing on the management of 
modifiable risk in those kidney and liver transplant patients who have survived the 
first post-operative year

What are the objectives of the COMMIT
guidance document?

Target audience

• Healthcare professionals, 
including:

• Transplant and non-
transplant clinicians

• Nurses and pharmacists

• Junior professionals 
working in transplant 
units

Recommendations

• Intended to 
complement local 
guidelines

Checklist

• Systematic and 
efficient way to 
implement screening 
and management of 
modifiable risk in a 
clinical setting



• Authors were separated into organ-specific groups and then further divided into seven 
workstreams for each organ

• Workstreams were responsible for research, evidence grading and writing of specific sections of 
the document and for crafting recommendations

• All members of the COMMIT programme reviewed and provided feedback on all sections of the 
guidance report 

How was the guidance document created?

Kidney working group Liver working group

1 2 3 4 5 6 7 1 2 3 4 5 6 7

COMMIT guidance document



How did we develop the guidance and checklist?

Over the period of 
approximately 1 

year, authors met 
through a series 
of face-to-face 

and virtual 
meetings

Submission to 
Transplantation in  

October 2016



Modifiable risk factors identified as priorities

Non-adherence Intra-patient variability in 
immunosuppressive exposure

Under-immunosuppression/
over-minimisation of 
immunosuppression

Adverse effects related 
to immunosuppression 

Donor-specific 
antibodies (DSAs)

Cardiovascular and 
metabolic complications

Early ischaemic injury and DGF 
(kidney)/EAD and non-

anastomotic biliary 
strictures (liver)

DGF, delayed graft function; EAD, early allograft dysfunction



What is the structure of the COMMIT guidance document?

• Detailed overview of the problem to be addressed, 
highlighting the impact of the risk factor on patient and graft 
survival post-transplantation 

Problem to be 
addressed 

• Evaluate key evidence that supports recommendations and 
statements using the latest key literature

Key recent 
publications and 

reviews 

• Provide practical recommendations from available evidence 
and clinical experience 

Practical 
recommendation

• Checklist that provides guidance on what clinicians should be 
doing in terms of managing the risk factors and following-up 
patients 

Checklist 

Overall introduction of the report



• Practical recommendation statements achieving 100% agreement among all authors (20) were 
included in the final guidance document

• Evidence supporting each recommendation was evaluated and graded according to the Oxford 
Centre for Evidence-Based Medicine (OCEBM) system1

• Hierarchy of the likely best evidence

• Helps clinicians in conducting their own appraisal of the evidence

How were evidence and recommendations graded?

OCEBM Levels of Evidence Working Group, Durieux N, Pasleau F, Howick J. The Oxford 2011 
Levels of Evidence. http://www.cebm.net/ocebm-levels-of-evidence/ (accessed September 2016).

Level Evidence

1 Systematic review of randomised trials

2 Individual randomised trial/cross-sectional study/observational study

3 Non-randomised study/cohort study

4 Case-series/case-control studies

5 Mechanism-based reasoning



Tools for change…

COMMIT guidance 
document 

and clinical checklist

Both peer reviewed by 10 
external reviewers and the 

editorial board

Hot off the press!

Link:
http://journals.lww.com/transpl
antjournal/toc/2017/04002

Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 



Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 



Neuberger J, et al. Transplantation 2017;101(4S): S1–S56.



Focussing on the modifiable risk 
factors for graft loss 



Causes of late graft loss in kidney transplant recipients1–8

CNI, calcineurin inhibitor; DGF, delayed graft function; DSA, donor-specific antibodies.
1. Jevnikar AM et al. Clin J Am Soc Nephrol 2008;3(Suppl 2):S56–67; 2. Pazhayattil GS et al. Int J Nephrol Renovasc Dis 2014;7:457–468; 3. Sellarés J et al. Am J 
Transplant 2012;12(2):388–399; 4. Lefaucheur C et al. J Am Soc Nephrol 2010;21(8):1398–1406. 5. Koenig A et al. Front Immunol 2016;7:646; 6. Valenzuela NM et al. 
Methods Mol Biol 2013;1034:41–70; 7. Siedlecki A et al. Am J Transplant 2011;11:2279–2296; 8. Puttarajappa C et al. J Transplant 2012;2012:193724.



Causes of late graft loss in liver transplant recipients1–6

HBV, hepatitis B virus; HCV, hepatitis C virus.
1. Hübscher SG. J Hepatol 2011;55(3):702–717. doi:10.1016/j.jhep.2011.03.005; 2. Bekker J et al. Am J Transplant 2009;9(4):746–757; 3. O’Leary JG et al. Am J 
Transplant 2014;14(4):779–787; 4. Supelana C et al. Liver Transplant 2014;20(10):1168–1177; 5. Charlton MR. Liver Transplant 2013;19(S2):S9–S13; 6. Kamar N et al. 
N Engl J Med 2008;358(8):811–817.



Major modifiable risk factors for graft loss

Non-adherence

Intra-patient variability in 
immunosuppressive 

exposure

Under-
immunosuppression/over-

minimisation of 
immunosuppression 

Adverse effects due to 
immunosuppression 

Donor-specific antibodies 
(DSAs)

Early ischaemic injury and 
DGF/EAD and non-
anastomotic biliary 

strictures

Cardiovascular and 
metabolic complications

DGF, delayed graft function; EAD, early allograft dysfunction



• Under-immunosuppression

• de novo Donor Specific Antibodies (DSAs)

• Non-adherence

Content 

The first part of this presentation will focus on key recommendations for:



Under-immunosuppression 
and DSAs



Under-immunosuppression can lead to DSA formation

* CNI-free immunosuppressive protocol (under-immunosuppression).
AMR, antibody-mediated rejection; CI, Confidence interval; DSA, donor-specific antibodies; HR, hazard ratio.
1. Liefeldt L, et al. Am J Transplant. 2012;12(5):1192–1198; 2. Loupy A, et al. Nat Rev Nephrol. 2012;8(6):348–357;  3. OʼLeary JG, et al. Transplantation. 2016;100(1):39–53.

Cumulative incidence of first AMR 
in kidney transplant patients1

Cyclosporine (n=66)

Everolimus* (n=61)

Under-immunosuppression1,2,3

Development of DSAs

 kidney graft survival

Acute AMR

Chronic AMR

Vascular AMR

Possible TCMR



• Patients should be stratified according to their immunological risk factors1

Immunological status and risk of under-immunosuppression

DSA, donor-specific antibodies; HLA-DR, human leukocyte antigen – antigen D related;  PRA, panel reactive antibody
1. Pratschke J, et al. Transplant Rev (Orlando). 2016;30(2):77–84. 2. Neuberger J et al. Transplantation 2017;101(4S): S1–S56

Previous transfusion

Previous transplant

Previous pregnancy

Age

Take into account both the risks and the benefits to each individual patient when 
determining their immunosuppressive regimen and optimal trough levels.2
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HLA-DR mismatch

PRA >0% 
(HLA antibodies)

Pre-formed HLA-DSA

Black ethnicity



• Renal transplant patients maintained on tacrolimus trough levels <5ng/mL* have a significantly 
higher risk of graft failure due to alloimmunity1

Low tacrolimus trough levels are associated with risk 
of graft failure

*versus >5ng/mL, year 1 post-transplant; tac, tacrolimus
1. Opelz G. CTS Collaborative Transplant Study Newsletter 1: 2014. 2014:5–8. 2. Neuberger J et al. Transplantation 2017;101(4S): S1–S56

Aim for tacrolimus target trough levels of 5 to 10 ng/mL in the first year after transplantation.2



The ELITE-Symphony study: Low-dose* CNI is advantageous vs standard-dose CNI and CNI-free 
regimens, in terms of acute rejection and renal function1,2

CNI minimisation strategies may decrease BPAR

* Actual levels in the low-dose arm were at the top of the target range (approximately 7ng/mL, rather than 3–7ng/mL; † p value for comparison with tacrolimus).
CNI, calcineurin inhibitor; ELITE, Efficacy Limiting Toxicity Elimination .BPAR; biopsy proven acute rejection
1. Ekberg H, et al. N Engl J Med. 2007;357(25):2562–575; 2. Ekberg H, et al. Am J Transplant. 2009;9(8):1876–1885; 3. Neuberger J et al. Transplantation 2017;101(4S): S1–S56 

End point Standard-dose
cyclosporine

Low-dose
cyclosporine

Low-dose 
tacrolimus

Low-dose 
sirolimus

p value

Mean calculated GFR 
(mL/min)

57.0±25.1 59.4±25.1 65.4±27.0 56.7±26.9 <0.001†

BPAR at 12 months (%) 30.1 27.2 15.4 40.2 <0.001†

Allograft survival (%) 91.9 94.3 96.4 91.7 0.02

Discourage minimisation without a convincing reason, due to increased risk of TCMR and AMR. 
CNI reduction, avoidance or late conversion should be carefully evaluated in each patient.3
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• CNI-free, mTORi-based immunosuppression leads to an increased risk of de novo DSA 
development and BPAR2

CNI withdrawal can increase the risk of developing 
DSAs, and lead to graft loss1,2

* Chi square test. BPAR, biopsy-proven acute rejection; CNI, calcineurin inhibitor; DSA, donor-specific antibody; mTORi, mammalian target of rapamycin inhibitor 
1. Opelz G, Döhler B. Transplantation. 2008;86(3):371–376; 2. Rostaing L, Hertig A, et al. Am J Transplant. 2015;15(5):1303–1312. 3. Neuberger J et al. Transplantation 2017;101(4S): S1–S56

p=0.001* p=<0.001*
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CNI regimen (n=98)

The risk of low immunosuppression/low-CNI regimens should be balanced with the potential benefit 
to the patient.3



• An increased number of HLA mismatches, particularly HLA-DRß1, are associated with 
the occurrence of DSAs1

HLA mismatches are associated with DSA development

DSA, donor-specific antibody; HLA, human leukocyte antigen.
1. Wiebe C, et al. Am J Transplant. 2012;12(5):1157–1167.

HLA mismatches at baseline1 De novo DSA 
(n=47)

No de novo DSA 
( n=268) p value

Total HLA mismatches 3.28±0.9 2.84±1.6 0.009

HLA-DRß1 1.15±0.5 0.87±0.7 0.005

• Although kidney allocation algorithms aim to reduce HLA mismatches, complete 
matching is not often feasible and the benefits of donor/recipient HLA matching have 
to be balanced against other issues, such as waiting time



Under-immunosuppression 
after liver transplantation



• Some liver transplant recipients may have an increased need for immunosuppression

Patients with an increased need for immunosuppression

HCV, hepatitis C virus.
1. Harnois DM, Yataco ML, Nakhleh RE. Clin Liver Dis. 2014;3(4):90–92; 2. Moini M, Schilsky ML, Tichy EM. World J Hepatol. 2015;7(10):1355–1368; 3. 
Grassi A, Ballardini G. World J Gastroenterol. 2014;20(32):11095–11115. 4. Neuberger J et al. Transplantation 2017;101(4S): S1–S56

Autoimmune 
liver disease 

Re-transplanted 
for rejection1

Grafted for 
HCV2,3

Variation 
in drug levels

Take into account both the risks and the benefits to each individual patient when determining 
their immunosuppressive regimen and optimal trough levels.4
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• Under-immunosuppression can be linked to increased histological ACR, increased graft loss early 
post-transplant1 and increased likelihood of alloimmune response2–4

Under-immunosuppression can lead to graft loss

ACR, acute cellular rejection; mTORi, mammalian target of rapamycin inhibitors.
1. Rodríguez-Perálvarez M, et al. J Hepatol. 2013;58(2):262–270; 2. Kaneku H, et al. Am J Transplant. 2013;13:1541–1548; 3. O’Leary JG, et al. Am J Transplant. 2016;16(2):603–614; 4. 
Del Bello A, et al. Am J Transplant. 2014;14(4):867–875; 5. Neuberger J et al. Transplantation 2017;101(4S): S1–S56

Figure adapted from Rodríguez-Perálvarez, 20131Avoid under-immunosuppression (tacrolimus trough levels <6 ng/mL in the absence of 
induction agents, other immunosuppressive agents or mTORi)5



Choice of immunosuppressive regimen can influence
under-immunosuppression

* initially 5–15 ng/mL, then 4–12ng/mL after 3 months), and 5–15ng/mL until Day 42 then 5–12ng/mL, combined with MMF and basiliximab ; † initial dose 
0.2mg/kg/day; ‡ initial dose 0.175mg/kg/day. BCAR, biopsy-confirmed acute rejection; MMF, mycophenolate mofetil ; TAC, tacrolimus.
1. Trunecka P et al. Am J Transplant. 2015;15(7):1843–1854.
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• Lower dose prolonged-release tacrolimus as part of combination therapy* versus high dose tac 

was associated with a significant renal function benefit (p=0.001) and a lower incidence of 
biopsy-confirmed acute rejections (BCAR) (p=0.016)1

n=857



• Complete immunosuppression withdrawal is feasible in ≈ 20% of selected liver transplant recipients1

Immunosuppression withdrawal

ITT, intent-to-treat; TCMR, T-cell mediated rejection.
1. Londoño MC, et al. J Hepatol. 2013;59(4):872–879; 2. Benítez C, et al. Hepatology. 2013;58(5):1824–1835. 3. Neuberger J et al. Transplantation 2017;101(4S): S1–S56

• In an immunosuppressive withdrawal study of 102 liver transplant recipients, 57 developed acute 
rejection, and 41 successfully discontinued  over approximately 6.5 months (ITT population)2

Withdrawal of immunosuppression should be confined to a research environment under strict clinical 

and histopathological surveillance protocols.3

n=102



DSAs and Non-adherence



• It negatively impacts on graft and patient survival after liver transplantation4

• It may contribute to graft loss in approximately 36% of kidney transplant recipients4

Non-adherence is an independent risk factor 
for poor clinical outcomes1–3

DSA, donor-specific antibodies.
a, Number of studies of each transplant type that examined each area of non-adherence; b, Significant differences (p<0.05) in rates of non-adherence were found between different 
types of organ transplants, based on meta-analysis
1. Fine RN, et al. Am J Transplant. 2009;9(1):35-414; 2. De Geest S, et al. Int Transplant Updat. 2011:63-81; 3. De Geest S. J Ren Nurs. 2009;2:58-63; 
4. Prendergast MB, Gaston RS. Clin J Am Soc Nephrol. 2010;5(7):1305-1311.  5. Neuberger J et al. Transplantation 2017;101(4S): S1–S56

Non-adherence to an immunosuppressive regimen should be 
assessed as the ‘fifth vital sign’.5
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• De novo DSAs are associated with higher rates of graft failure in kidney transplantation1

Risk factor for the development of de novo DSAs

ABMR, antibody-mediated rejection; DSA, donor-specific antibodies.
1. Sellarés J, et al. Am J Transplant. 2012;12(2):388-399.



Risk level Risk factor 

High-risk patients Pre-existing DSAs

Intermediate-risk patients History of DSAs but negative for DSAs at transplantation

Low-risk patients Non-sensitised and receiving a first kidney transplant

• Patients can be stratified post-transplantation based on risk of DSA development:1

Patient stratification by risk of DSA development

DSA, donor-specific antibody.
1. Tait BD et al. Transplantation. 2013;95(1):19–47. 2. Neuberger J et al. Transplantation 2017;101(4S): S1–S56

Perform risk stratification and adjust the frequency of DSA monitoring according to the risk level.2
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Antibody-mediated rejection after liver transplantation

Hyperacute AMR

Preformed antibody (DSA) De novo or persistent DSA

Acute AMR

Chronic liver graft injury
 Chronic AMR

Extremely rare

Rare, difficult to diagnose
histological definition 

in progress (Banff)

Possible
Not yet defined

DSA, donor-specific antibody; AMR, acute-mediated rejection; 
O’Leary et al. Am J Transplant 2014;14:779–787. 



Prevalence of DSA 10 years after LT in patients presenting with unexplained
liver tests abnormalities and/or unexplained fibrosis

DSA, donor-specific antibody; LT, liver transplant
Ghandir et al. P-678.ILTS 2014; London, UK, June 4–7, 2014. 

95.5%

51%

95.5%

51%

95.5%

51%

P <0.001



Median MFI according to study groups

9916

3443

P<0.001

DSA, donor-specific antibody; MFI, mean fluorescent intensity
Ghandir et al. P-678.ILTS 2014; London, UK, June 4–7, 2014. 



Screening for DSAs

DSA, donor-specific antibody.
1. Loupy A, Hill GS, Jordan SC. Rev Nephrol. 2012;8(6):348–357. 2. Neuberger J et al. Transplantation 2017;101(4S): S1–S56

• Routine screening for DSAs is not universally available nor implemented in all centres

• Improvements in tools to detect anti-HLA antibodies have led to single-antigen bead 
technology for detection of DSAs1

Routine screening for DSAs is not available or implemented in all centres. Firm conclusions with 
regard to the effect on outcomes cannot be drawn in the absence of any proven therapy.2
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The COMMIT Checklist: De novo DSAs 

With unexpected/unexplained graft dysfunction

Neuberger J, et al. Transplantation 2017;101: S1–S56 (In press).



• High IPV leads to poor transplant outcomes in kidney transplant patients1,2

Non-adherence leads to high intra-patient variability

1. Shuker N et al. Transpl Int. May 2016; 2. van Gelder T. Kidney Int. 2014;85(6):1267–1268. 3. Neuberger J et al. Transplantation 2017;101(4S): S1–S56

Non-adherence High intra-patient variability  Risk of graft failure1

• Consistent immunosuppressive therapy is critical in the early post-transplant period, when 
there is increased risk for graft rejection

Maintain clinical awareness of direct risk indicators, such as drug concentrations, 
and variability in drug levels.2
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Treatment-related factors can affect adherence

ADMIRAD, Adherence Measurement in Stable Renal Transplant Patients Following Conversion From Prograf to Advagraf; BID, twice daily; QD, once daily; tac, tacrolimus
1. Berben L, et al. West J Nurs Res. 2012;34(5):635–653; 2. Gordon EJ, et al. Transpl Int. 2009;22(5):534–545; 3. Weng FL et al. J Am Soc Nephrol 2005;16:1839–1848

Higher complexity 
and longer duration 
of the drug regimen1

Number of 
prescribed pills2

Taste and size
of the pill2

Probability of non-adherence in reference to drug intake timing3

* CI = Confidence interval



Simplified medication regimens can improve adherence

BID, twice daily; QD, once daily; tac, tacrolimus 1. Kuypers D et al. Transplantation 2013;95:333−340; 2. Neuberger J, et al. Transplantation 2017;101: S1–S56
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p=0.0009
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ADMIRAD Study: Tacrolimus BID vs tacrolimus prolonged release QD

Simplified medication regimens, such as fixed-dose, once daily medications should be 
administered to improve adherence.2



Pre-transplant non-adherence to medication predicts 
poor adherence post-transplant1,2

1. De Geest S, et al. Transpl Int. 2014;27(7):657–666; 2. Dobbels F, et al. Transplantation. 2009;87(10):1497–1504. 3. Neuberger J et al. Transplantation 2017;101(4S): S1–S56
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p<0.0001

p=0.0003

p<0.0001

p<0.0001

Prediction of post-transplant non-adherence by pre-transplant non-adherence
in heart, liver, lung and kidney transplant patients1

n=141

Establish a “baseline” evaluation of medication adherence; assess the patient’s previous ability to 
adhere to therapeutic regimens.3
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• Kidney transplant recipients aged 19–24 years are less likely to be adherent than 
patients aged 24–44 years2

• Young adult and elderly patient groups may benefit from targeted education, 
medication schedules, clear prescription instructions, reminder cues, simplified 
drug regimens, and pre-filled pill boxes3

• Higher in non-white patients, who have poorer social support and socioeconomic 
status, have low levels of education/illiterate, are unemployed, or have unstable living 
conditions1

Sociodemographic factors impact adherence

1. Berben L, et al. West J Nurs Res. 2012;34(5):635–653; 2. Pinsky BW, Takemoto SK, et al. Am J Transplant. 2009;9(11):2597–2606; 3. Lalić J, et al. Med Princ Pract. 2014;23(4):351–356. 
4. Neuberger J et al. Transplantation 2017;101(4S): S1–S56

Patient-level interventions need to focus primarily on behavioural change techniques.
Simplified medication regimens, such as fixed-dose, once daily medications should be 

administered to improve adherence.4C
O

M
M

IT



• Adherence is significantly higher for patients using notifications and customised 
reminders, compared to those not using these aids2

Poor motivation and forgetfulness can lead to non-adherence1

1. Griva K, et al. Ann Behav Med. 2012;44(1):85–93; 2. Reese PP, et al. Am J Kidney Dis 2017;69(3):400–409; 3. Neuberger J et al. Transplantation 2017;101(4S): S1–S56

55%

78%
88%

0

20

40

60

80

100

Control Reminders group Reminders + notifications group

M
ea

n
 a

d
h

er
en

ce
 r

at
e

 (
%

)

n=120 kidney patients

Identify patient barriers to adherence and develop a personalized action plan with specific 
solutions,(electronic)reminder systems, education and psychological behavioral support.3
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Healthcare systems can impact adherence

1. Berben L, et al. West J Nurs Res. 2012;34(5):635–653.

Lack of adherence assessment 
as part of regular transplant 
follow-up1

Lack of adherence support 
as part of transplant follow-up1

Lack of coverage of 
immunosuppressive drugs1

Healthcare professionals 
not trained in behavioural 

assessment and interventions, or 
adequate communication style1

System-level 
factors



Managing non-adherence

1. Pabst S, et al. J Psychosom Res. 2015;79(5):364–371; 2. Prendergast MB, Gaston RS. Clin J Am Soc Nephrol. 2010;5(7):1305–1311; 3. Denhaerynck K, et al. Transpl Int. 
2005;18(10):1121–1133; 4. Dobbels F,, et al. Transplantation. 2010;90(2):205–219. 

Non-adherent 
patient

Regular cancellation or 
appointments rescheduling

Non-response to 
treatment/clinical outcomes

Expressing difficulty with 
adhering to medication

Pre-transplant non-adherence: 
non-adherence to dialysis in 

kidney transplantation

Identification

Determining drug concentration 
and by-products in the blood

Observing pill intake, pill 
counts, prescription refills, 

electronic monitoring
Drug intake monitoring 

using new digital technology

Collaborative assessment 
from mental health specialists 

and nursing staff

Validated 
self-reporting questionnaires

Management

Discuss non-adherence openly and non-judgmentally with the patient. 
Use different combined methods to identify adherence (e.g. questionnaires)



• An intervention course can increase adherence by 16% over 6 months2

Counselling and interventions can improve adherence1

1. Chisholm-Burns MA, et al. Am J Transplant. 2013;13(9):2364–2373; 2. Dobbels F, et al. J Heart Lung Transplant. 2016;35(4S):S90.

Control

Intervention

p<0.01
n=150 renal patients

Months
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cr

ea
se

 %



• Variability of immunosuppressive regimen

• Adverse effects related to over-immunosuppression

• Cardiovascular complications after kidney and liver transplantation

Content 

The second part of this presentation will review key recommendations for: 



Variability of 
immunosuppressive regimen



• High variability in immunosuppressive drug exposure can lead to clinically harmful events:1

IPV and the narrow therapeutic index

Figures on this slide are illustrative
1. Shuker N et al. Transplant Rev. 2015;29:78-84; 2. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 

Regular assessment of the serum trough concentrations is mandatory even in 
patients who are stable in the long term and are taking a constant dosage.2
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Toxicity or low immunity 
during over-exposure

Alloimmune activation 
during low exposure 



IPV, intra-patient variability 

1. Sapir-Pichhadze et al, Kidney Int 2013; 85:1404-1414; 2. Shuker et al. Transplant Int 2016; 29:1158-1167. 

IPV and prognosis in kidney transplantation
• Tacrolimus IPV is a well recognised prognostic factor in kidney transplantation1

• Patients with significant tacrolimus IPV are at an increased risk of rejection, graft loss and death2

n=356

aPrimary composite end point (total graft loss, late acute rejection and 
transplant glomerulopathy) by TacSD threshold1

(n=404) 
(n=404)
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Shuker L et al. Transpl Int 2016;29:1158–1167. 
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1. Sapir-Pichhadze R et al. Kidney Int 2013;85:1404–1411; 2. O’Regan JA et al. J Nephrol 2016;29:269–276; 3. Whalen HR et al. Transplantation 2017;101:430–436.



High IPV of tacrolimus predicts accelerated progression 
of chronic histological lesions in renal recipients

IPV, intra-patient variability
Vanhove T et al. Am J Transpl 2016;16:2954–2963. 



IPV and risk of graft rejection in liver transplantation

* Mean trough concentrations within the first 15 days after liver transplantation; † reference value. MLVI, Medication Level Variability Index
1. Supelana C et al. Liver Transplant. 2014;20(10):1168–1177. 

No rejection

Rejection

• Variability was significantly higher in patients with biopsy-confirmed rejection vs those without 
(p=0.003)1

Adapted from Supelana et al, 2014.

N=493



Intra-patient variability

CV, coefficient of variation; SD, standard deviation
Source: https://transplant360.com/hcp-home/risk-factor-calculators.aspx (requires HCP login). Accessed March 2017.



Variability calculator 

Easy to use

Retrospective tacrolimus levels

Visualises patient within-variability against 
accepted CV%

CV, coefficient of variation
Source: https://transplant360.com/hcp-home/risk-factor-calculators.aspx (requires HCP login). Accessed March 2017.



Determinants of tacrolimus IPV

1. Shuker N et al. Transplant Rev. 2015;29:78-84; 2. Bekersky I et al. J Clin Pharmacol. 2001;41:628–635. 3. Chen D et al. DrugMetabPharmacokinet.2014;29:249–253. 4. Maheshwari A et 
al.Liver Transpl. 2004;10:165–173. 5. Morgan ET. Clin Pharmacol Ther. 2009;85:434–438..

Factors1-5

Highly modifiable • Food (dietary fat content, grapefruit juice, pomelo)
• Drug–drug interactions: antifungals, antivirals, other 

immunosuppressants, and other drugs
• Herbal products
• Uncontrolled generic substitution

Slightly modifiable • Non-adherence
• Gastrointestinal events (diarrhoea)
• Any clinical situation motivating liver graft dysfunction 
• Low serum proteins (hypoalbuminemia) 
• Anaemia 

Non-modifiable • Pharmacogenetics
• Circadian rhythm of tacrolimus exposure



PERSISTENCE CURVES OF PATIENTS IN THE 
TAC QD AND TAC BID GROUPS
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• Randomised controlled trial using electronic monitoring

BID, twice-daily; QD, once-daily
Kuypers D et al on behalf of the ADMIRAD Study Team. Transplantation 2013;95:333–340. 

Improved adherence in renal recipients with tacrolimus
QD compared with tacrolimus BID 



• Tacrolimus variability may occur when converting to generic formulations1

• Insufficient evidence to provide reassurance that, in transplanted patients, generics are 
therapeutically equivalent to innovator immunosuppressants

• Safety concerns given the clinical consequences linked to both overexposure and underexposure

• However, there are no data to firmly suggest that generics are not equivalent and 
therefore unsafe2

• ESOT recommendations include situations where prescribing generics is deemed appropriate (ie cost 
conservative markets)3

Converting to generic tacrolimus formulations

ESOT, European Society for Organ Transplantation
1. Shuker N et al. Transplant Rev. 2015;29:78-84. 2. Molnar AO, et al. BMJ. 2015;350:h3163 ; 3. van Gelder T, ESOT Advisory Committee on Generic Substitution. Transpl 
Int. 2011;24(12):1135–1141; 4. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56.

Substitution to generic tacrolimus formulations should be attempted only 
in stable patients and under close monitoring of trough concentrations.4

C
O

M
M

IT



Converting from twice-daily to prolonged-release tacrolimus 
reduces IPV

1. Adapted from WU MJ, et al Transplantation. 2011 Sep 27;92(6):648-52; 2. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 

Mean within-patient variability in tacrolimus trough levels reduced from 14.0% to 8.5% 
(p<0.05) after conversion

Twice daily

Prolonged release

n=129



Converting from twice-daily to prolonged-release tacrolimus 
reduces IPV

1. Sanko-Resmer J et al. Transplant Int 2012; 2. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 

Tacrolimus trough levels before and after conversion from tacrolimus BID to tacrolimus QD. Boxes represent the 
25% quartile, median value and 75% quartile of range; vertical lines represent ranges

n = 98



Adherence should be discussed with patients in whom tacrolimus trough concentrations 
change more than expected, despite a stable dose.1
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Avoiding significant variability early after liver transplant, is strongly recommended.1

1. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56.

In patients with documented high levels of variability receiving tacrolimus BID, 
conversion to tacrolimus QD may be helpful.1
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Adverse effects related to
over-immunosuppression



• Over-immunosuppression is associated with a range of adverse effects that can lead to poor patient 
and graft survival:1–4

Over-immunosuppression is linked to adverse effects in both 
kidney and liver transplantation

CV, cardiovascular.
1. Thaunat O. Kidney Int. 2015;88(6):1226–1228; 2. Wiesner RH, Fung JJ. Liver Transpl. 2011;17 Suppl 3(11):S1–9; 3. Christians U et al. Expert Opin Drug Metab Toxicol. 2011;7(2):175–200; 
4. Budde K et al. Clin Pharmacol Ther. 2011;90(2):316–322; 5. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 

Class-related and drug-specific adverse effects1–3

Renal 
impairment

CV risk
Metabolic 

complications
Malignancies Fungal Bacterial Viral

Increased risk of infections1,4

Risk stratification, preventative measures and early detection of 
adverse events are vital for graft and patient survival.5
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Viral infections due to over-immunosuppression are common in the first months after transplantation1

Increased incidence of viral infections

ATG, anti-thymocyte globulin; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HHV, Human herpes viruses; VZV, Varicella-zoster virus; HBV, hepatitis B virus; HCV, hepatitis C virus 
1. Fishman JA. Cold Spring Harb Perspect Med. 2013;3(10):1–14; 2. Nashan B et al. Transplant J. 2012;93(11):1075–1085. 3. Papatheodoridis G V et al. Liver Int. 2009;29(9):1294–1305; 
4. Suraweera D et al. Gastroenterol Hepatol (N Y). 2016;12(1):23–30. 5. Marcelin JR et al. World J Gastroenterol. 2014;20(31):10658–10667; 6. Fishman J. N Engl J Med. 2007;357(25):2601–2614; 

Higher rates of infection with ATG 
induction therapy,1 or cyclosporine-

based regimens2

Lower rates of CMV infection 
with mTORi based regimens2

Common virus infections include 
CMV, Polyomavirus, EBV, HHV-6, 

HHV-8, VZV1

CMV impacts on liver transplant 
outcomes5

Vaccination is generally less effective 
during immunosuppression6

Liver transplant recipients are 
commonly chronically infected with 

HBV or HCV3,4



• There is a well established link between over-immunosuppression and bacterial infection1

Increased risk of bacterial and fungal infections

TB, tuberculosis; CMV, cytomegalovirus
1. Fishman JA. Cold Spring Harb Perspect Med. 2013;3(10):1–14; 2. Shoham S, Marr KA. Future Microbiol. 2012;7(5):639–655; 
3.Raghuram A et al. Liver Transpl. 2012;18(9):1100–1109;

• Invasive fungal infections are linked with high morbidity and mortality after liver transplantation2

• Infection rates can be reduced by:1

• Modifying immunosuppression

• Using antifungal or antibacterial prophylaxis

• Pre-transplant screening for fungal colonisation may help determine if targeted pre-transplant 
or post-transplant antifungal prophylaxis is required in liver transplant patients.3



1. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56.

Routine screening and vaccination should be conducted for 
pneumococcal and influenza viruses.1
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Prophylaxis for Pneumocystis jirovecii infection and CMV infection should be given to 
patients following kidney transplantation.1
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eGFR; estimated glomerular filtration rate; MDRD4; the four variable of modification of diet in renal disease; MMF, mycophenolate mofetil
1. De Simone P et al. Am J Transplant. 2012;12(11):3008–3020; 2. Gianelli V et al. Eur Rev Med Pharmacol Sci. 2013;17:2718–2720; 3. Trunecka P et al. Am J Transplant. 2015;15(7):1843–1854; 
4. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 

• Post-liver transplant, CNIs are associated with a risk of renal impairment1

Increased risk of renal impairment 

Prolonged-release tac (initial dose 0.15–0.175 
mg.kg/day) + MMF + basiliximab

Prolonged-release tac (initial dose 0.2 
mg.kg/day delayed to day 5) + MMF + 
basiliximab

Prolonged-release tac
(initial dose 0.2 mg.kg/day) + MMF

Choice of 
immunosuppressive regimen1

Early post-operative 
dose reduction of tac1

Conversion from immediate-
release to prolonged-release tac2

Risk of impaired renal function may be managed by:

Adapted from Trunecka P et al. Am J Transplant. 2015;15(7):1843–1854

Regularly monitor post-1 year transplantation for evidence of unwanted side effects of 
immunosuppression, including renal impairment.4



• Patients with early high exposure to tacrolimus (trough levels >10ng/mL)* have an increased 
risk of graft loss after liver transplantation1

Early high exposure to CNIs is associated with graft loss

* Mean trough concentrations within the first 15 days after liver transplantation; † reference value.
1. Rodríguez-Perálvarez M et al. J Hepatol. 2013;58(2):262–270

Mean tacrolimus 
trough concentrations*

n RR p value

<7 ng/ml 166
2.32

(1.28–4.16)
0.006

7–10 ng/ml 171 1† –

10–15 ng/ml 128
2.17

(1.16–4.03)
0.014



• High levels of cyclosporine (>300ng/mL) and tac (>10ng/mL) have been associated with 
an increased risk of HCC recurrence1

Risk of recurrent HCC

CNI, calcineurin inhibitor; HCC, hepatocellular carcinoma; tac, tacrolimus
1.Rodríguez-Perálvarez M et al. J Hepatol. 2013;59(6):1193–1199; 2. Geissler EK et al. Transplantation 2016;100:116–125.

• The role of mTORi in reducing recurrent cancer post-transplant is unknown2

Adapted from Giessler et al. 2016

Adapted from Rodríguez-Perálvarez M et al 2013



• Risk of cancer is increased after kidney transplant1

Screening for malignancies

CT, computed tomography; IBD, irritable bowel disease; PSC, primary sclerosing cholangitis.
1. Collett L et al. Am J Transplant. 2010;10(8):1889–1896; 2. Wong G et al. Clin J Am Soc Nephrol. 2008;3 Suppl 2:S87–S100; 3. Chak E, Saab S. Liver Int. 2010;30:1247–1258; 
4. Chen D et al. N Engl J Med. 2011;365(5):395–409; 5. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 

Cancer Standardised
incidence ratio 

(SIR)1

Kaposi’s sarcoma 17.1

Non-melanoma skin 
cancer

16.6

Cancer of the lip 65.5

Annual skin examinations (all patients)2

Yearly colonoscopy (PSC and IBD patients)3

Low-dose CT screening for lung cancer (high-
risk patients with smoking history)4

• Tumour screening programmes are not 
validated in the liver transplant setting1

• Surveillance options include:

Prevention and screening for cancer should follow the same recommendations as for the 
general population. Liver transplant patients should be screened annually for malignancies.5
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• Decreasing immunosuppression in kidney transplant patients with cancer is common practice but is 
associated with an increased risk of graft rejection1

Management of cancer patients

* In the control group: 156 patients received placebo and the remaining 2,444 received an active drug comparator.
CI, confidence interval; mTORi, mammalian target of rapamycin inhibitors.

1. Gutierrez-Dalmau et al. Drugs 2007; 67 (8): 1167-1198 2. Knoll GA et al. BMJ. 2014;349:g6679; 3. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 

• Switching to mTORi can 
reduce the risk of cancer 
compared with a control 
group,* but has been 
associated with an 
increased risk of death2

Immunosuppression reduction in patients 
with cancer should be balanced, taking into 
consideration the prognosis of cancer, the 
type of anti-neoplastic therapy and the risk of 
rejection.3



Cardiovascular complications after 
kidney and liver transplantation



1. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56.

Manage risk factors for cardiovascular disease according to current 
established treatment guidelines. Because specific guidelines for kidney 

and liver transplant recipients are lacking, guidelines for the 
general population should be followed.1C
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Patient lifestyle factors

AF, atrial fibrillation; CHF, congestive heart failure; CVEs, cardiovascular events, IHD, ischaemic heart disease.
1. Heimbach JK et al. Am J Transplant. 2013;13(2):363–368. 2. Gillis KA et al. Transplant Rev (Orlando). 2014;28(2):47–55; 3. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 

• Post-transplant obesity and related complications 
are common in liver transplantation1

• Positive lifestyle changes may improve patient 
outcomes2

Diet

Exercise
Smoking 
cessation

Educate patients on the benefits of lifestyle modification and 
provide support in achieving these goals.3
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• Pre-transplant risk factors for post-transplant CVD include:1

Pre-transplant risk factors for post-transplant CVD

AF, atrial fibrillation; BMI, body mass index; CAD, coronary artery disease; CVD, cardiovascular disease; CVE, cardiovascular event; eGFR, estimated glomerular filtration rate.
1. Gillis KA et al. Transplant Rev (Orlando). 2014;28(2):47–55; 2. Bargehr J, t al. Liver Transplant. 2015;21(3):314–320; 3. Josefsson A et al. Transplantation. 2014;98(1):107–114
4. Dowsley TF et al. Transplantation. 2012;94(6):646–651; 5. Skaro AI et al. J Cardiovasc Med (Hagerstown). 2016;17(12):875–885; 6. Fussner LA et al. Liver Transplant. 2015;21(7):889–896; 
7. Mansell H et al. Transplant Proc. 2013;45(1):308–314; 8. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 

Age Gender Smoking

• Pre-existing conditions that are also risk factors for CVD:

Pre-operative renal impairment and decreased kidney function 
assessed by eGFR (independent predictor of CV risk)3,7

Prior history of CVD 
(independent risk factor)6

Atrial fibrillation, prolonged 
QTc interval2,3

Screen high-risk patients pre-operatively to establish risk factors for CVE.8
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Pre-transplant diastolic 
dysfunction4

Severe pre-operative coronary 
artery disease5



• Switching from cyclosporine to tacrolimus has been associated with a reduction in LDL-
cholesterol1

Impact of cyclosporine on CVEs

*Projected using MACE and mortality risk calculators for BENEFIT and BENEFIT-EXT populations with complete set of variables registered 3-years post-transplantation (BENEFIT, N=291; BENEFIT-EXT, N=200)
BP, blood pressure; LDL, low-density lipoprotein; LI, less intensive regimen; MACE, major adverse cardiovascular event.
1. Artz M et al. J Am Soc Nephrol. 2003;14(7):1880–1888; 2. Rostaing L et al. Am J Transplant. 2013;13(11):2875–2883; 3. Soveri I et al. Transplantation 2013;95: 142–147; 
4. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56.
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• Belatacept-based regimens have been associated with lower BP levels and improved 
lipid profiles versus cyclosporine regimens2



• Patients treated with tacrolimus may have lower risk of post-transplant CVD compared to other 
immunosuppressants1

Impact of tacrolimus on CVEs

* Defined as no tacrolimus or cyclosporine
CAD, coronary artery disease; CI, confidence interval; CNIs, calineurin inhibitors; CVD, cardiovascular disease; MMF, mycophenolate mofetil; tac. tacrolimus
1. Fussner LA et al. 2015;21(7):889–896. 2. Cuervas-Mons V et al. Clin Transplant. 2015;29(8):667–677; 3. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 

Multivariate analysis of the association 
between immunosuppressive regimens in 

liver transplant recipients without prior CVD1
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p=0.535

p<0.001

p=0.060

• A steroid-free regimen with tac + MMF has been associated with reduction of CV risk 1-year 
post-transplant2



Development of metabolic syndrome linked to mTORi

1. Fischer L et al. Am J Transplant. 2012;12(7):1855–1865; 2. McKenna GJ, Trotter JF. J Hepatol. 2012;56(1):285–287; 3. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 

Hypertension1

Dyslipidaemia1

Weight gain2

• Some immunosuppressive regimens have been associated with metabolic syndrome 
in liver transplant recipients1,2

• Switching from CNI to mTORi is linked with:

CNI-based immunosuppression is preferred over mTORi in 
patients at risk of developing dyslipidaemia.3
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In renal transplant patients:

Development of diabetes

CYP, cytochrome P450; CKD, chronic kidney disease; CNI, calcineurin inhibitor; CVE, cardiovascular event; DDP-4, dipeptidyl peptidase-4; GFR, glomerular filtration rate; HCV, hepatitis C virus; 
NODAT, new-onset diabetes after transplantation; tac, tacrolimus.
1. Choi JY, Kwon OJ. Transplant Proc. 2013;45(8):2892–2898; 2. Gillis KA et al Transplant Rev (Orlando). 2014;28(2):47–55.

In liver transplant patients:

• NODAT and type 2 diabetes are associated with:2

• Poorer long-term survival 
• Increased CV risk

Older age Obesity Haemochromatosis

Pre-transplant 
impaired 
glucose 

tolerance 

Alcohol-related 
disease

Autoimmune 
hepatitis

HCVCNI use Glucocorticoids

• The incidence of NODAT is higher with 
tacrolimus vs cyclosporine (25% vs 
9.5%; p<0.001)1

• Incidence rises with increase 
in prednisolone dose2

Risk factors for NODAT include:2



• KDIGO 2013 guidelines suggest statins for all 
kidney transplant recipients1

Development of dyslipidaemia

CNI, calcineurin inhibitor; CV, cardiovascular; KDIGO, Kidney Disease Improving Global Outcomes; LDL, low-density lipoprotein; SD, standard deviation.
1. KDIGO Lipid Work Group. Kidney Int Suppl. 2013;3(3):259–305; 2. Holdaas H et al. Lancet. 2003;361(9374):2024–2031. 3. Parekh J et al. Am J Transplant. 2012;12(8):2181–2187; 
4. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 

• Reductions in LDL-cholesterol are associated 
with a reduced risk of CV endpoints2

• Liver transplant is associated with increased 
rates of hyperlipidaemia3

• The impact of hyperlipidaemia on post-liver 
transplant survival has not been studied in depth3

KDIGO 2013 guidelines suggest all kidney transplant recipients are 
treated with a statin.4
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For liver transplant patients, target LDL cholesterol level is dependent on the patient’s 
cardiac risk level; the target of 3.4 mmol/L (130 mg/dL) 

Reduce for those with increasing risk.4C
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• KDIGO guidelines recommend a BP target of 130/80mmHg;1

however, evidence for specific BP targets is still lacking2

Development of hypertension

BP, blood pressure; CNI, calcineurin inhibitor; CTS, The Collaborative Transplant Study; CVD, cardiovascular disease; CVE, cardiovascular event; KDIGO, Kidney Disease Improving Global Outcomes.
1. Kidney Disease: Improving Global Outcomes (KDIGO) Transplant Work Group. Am J Transplant. 2009;9:S1–S155; 2. Gillis KA et al. Transplant Rev (Orlando). 2014;28(2):47–55; 
3. Opelz G, Dohler B. Am J Transplant. 2005;5(1):2725–2731. 4. Anastácio LR et al. Nutr Hosp. 2013;28(3):643–648; 5. Albeldawi M et al. Liver Transplant. 2012;18(3):370–375; 
6. Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 

• Liver transplant is 
associated with increased 
rates of hypertension4

• Hypertensive patients have 
≈ 2-fold higher risk of 
experiencing a post-
transplant CVE5

Long-term kidney graft survival calculated from 3–10 years in relation 
to systolic BP ≤140 or >140mmHg at 1 and 3 years post-transplant3

Control of systolic BP may be 
associated with improved graft, 
patient and CVD-free survival3
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Target BP should be 130/80 mmHg.6



Summary 

Liver and kidney transplantation is a great success but recipients still have 
a reduced quality and quantity of life, compared with a normal, 

age- and gender- matched population

We believe that the risk of premature graft failure and patient death 
can be reduced by small improvements in follow-up 

COMMIT was formed of senior clinicians across Europe to produce 
guidance to help health care professionals improve 

management of allograft recipients



Tools for change…

COMMIT guidance 
document 

(Validated by external peer 
review)

Clinical checklist

(Developed to help implement 
the guidance)

Neuberger J, et al. Transplantation 2017;101(4S): S1–S56. 


