
 Adherence in Solid Organ Transplantation 

 

Consensus Conference Reports and Recommendations 

Ettenger R, Albrecht R, Alloway R, et al. Meeting report: FDA public meeting on patient-focused drug 

development and medication adherence in solid organ transplant patients. Am J Transplant. 2018 

Mar;18(3):564-573. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Meeting+report%3A+FDA+public+meeting+on+patient+

+-focused+drug+development+and+medication+adherence+in+solid+organ+transplant+patients. 

·       This report highlights the need to individualize and simplify IST to mitigate short- and long- 

term adverse side effects, and gain clarity about optimal vs acceptable medication adherence. 

Participants were clear that problems with current nonspecific IST lead not only to adverse physiological 

health conditions, but myriad emotional health problems. As new approaches to therapy are being 

developed, it is critical for the drug developers and regulatory agencies to include the issues articulated 

by patients, such as those discussed in this conference, if the innovations are to accomplish the goal of 

better healthcare for solid organ transplant recipients. 

 

Fine RN, Becker Y, De geest S, et al. Nonadherence consensus conference summary report. Am J 

Transplant. 2009;9(1):35-41. 

http://www.ncbi.nlm.nih.gov/pubmed/19133930 

·       This report aimed to define non-adherence, describe its prevalence, how it can be measured, what 

the risk factors might be, and what clinical impacts it can have on patients using immunosuppressant 

medications. Additionally, this report attempted to provide recommendations for future study. 

  

Maldonado AQ, West‐Thielke P, Dew MA, et al. Meeting report: Consensus recommendations for a 

research agenda to address immunosuppressant nonadherence in organ transplantation. Clin 

Transplant. 2018;32(9):e13362. 

https://www.ncbi.nlm.nih.gov/pubmed/30053319 

·      In these consensus recommendations, members of the AST TxPharm COP met to identify unmet 

research needs related to medication nonadherence in transplant and presented on past, present and 

future directions of medication nonadherence and unmet research needs in the area. Key next steps for 

addressing nonadherence that were identified include development of a cost-effective, nonspecialized 

intervention(s) that does not require high levels of health literacy and can be adapted to multiple 

organs, as well as the use of tools to detect nonadherence that also address the issue as well. This 

meeting also resulted in the development of the AST Transplant Pharmacy Adherence Consortium 

(TPAC), which is dedicated to fostering development of a research agenda and connecting 

resources/researchers in the areas of adherence. 

 

Myaskovsky L, Jesse MT, Kuntz K. Report from the American Society of Transplantation Psychosocial 

Community of Practice Adherence Task Force: Real-world options for promoting adherence in adult 

recipients. Clin Transplant. 2018;32(9). 

https://www.ncbi.nlm.nih.gov/pubmed/30022527 
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·      In these consensus recommendations, the AST Psychosocial and Pharmacy CoPs came together to 

develop a list of strategies using available resources, clinically feasible methods of screening and 

tracking adherence, and activities that ultimately empower patients to improve their own self-

management 

 

Neuberger JM, Bechstein WO, Kuypers DRJ, et al. Practical Recommendations for Long-term 

Management of Modifiable Risks in Kidney and Liver Transplant Recipients: A Guidance 

Report and Clinical Checklist by the Consensus on Managing Modifiable Risk in Transplantation 

(COMMIT) Group. Transplantation. 2017;101: S1–S56.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Practical+Recommendations+for+Long-

term+Management+of+Modifiable+Risks+in+Kidney+and+Liver+Transplant+Recipients%3A+A+Guidance

+Report+and+Clinical+Checklist+by+the+Consensus+on+Managing+Modifiable+Risk+in+Transplantation

+(COMMIT)+Group 

·      The COMMIT group was formed in 2015 and is composed of 20 leading kidney and liver transplant 

specialists from 9 countries across Europe. The objective of this supplement is to provide specific, 

practical recommendations, through the discussion of current evidence and best practice, for the 

management of modifiable risks in those kidney and liver transplant patients who have survived the first 

postoperative year. In addition, the provision of a checklist increases the clinical utility and accessibility 

of these recommendations, by offering a systematic and efficient way to implement screening and 

monitoring of modifiable risks in the clinical setting 

 

Review Articles 

Chisholm-Burns MA, Spivey C, Pickett L. Health literacy in solid-organ transplantation: a model to 

improve understanding. Patient Prefer Adherence. 2018;12:2325–2338. 

https://www.ncbi.nlm.nih.gov/pubmed/30464420 

·      This literature review developed a model to better depict factors associated with low health literacy, 

including adherence. The impact of these factors and their relationships to solid organ transplant 

recipient outcomes are reviewed.  

 

Denhaerynck K, Dobbels F, Cleemput I, et al. Prevalence, consequences, and determinants of 

nonadherence in adult renal transplant patients: a literature review. Transplant Int. 2005;18(10):1121-

1133. 

https://www.ncbi.nlm.nih.gov/pubmed/16162098 

·      In this literature review of 38 articles measuring nonadherence, nonadherence was associated with 

poor clinical outcomes, lower lifetime costs because of shorter survival, and a lower number of quality 

adjusted life years. Consistent determinants of nonadherence were found to be younger age, social 

isolation, and cognitions such as low self-efficacy, specific health beliefs. A limitation of this review is 

that the evidence summarized is based on older immunosuppressive regimens; further research would 

need to be conducted in order to characterize determinants of nonadherence in newer 

immunosuppressive regimens. 
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Doyle IC, Maldonado AQ, Heldenbrand S, Tichy EM, Trofe-clark J. Nonadherence to therapy after adult 

solid organ transplantation: A focus on risks and mitigation strategies. Am J Health Syst Pharm. 

2016;73(12):909-920. 

http://www.ncbi.nlm.nih.gov/pubmed/27189855 

·       This commentary comprehensively reviews current literature to identify factors that contribute to 

solid-organ transplant patient non-adherence and to explore potential solutions. 

 

Duncan S, Annunziato RA, Dunphy C, et al. A systematic review of immunosuppression interventions in 

transplant recipients: Decoding the streetlight effect. Pediatric Transplant. 2018;22:e13086. 

https://www.ncbi.nlm.nih.gov/pubmed/29218760 

·      This systematic review identified 41 studies that evaluated outcomes of various interventions to 

improve medication adherence in solid organ transplant recipients. The authors conclude that 

adherence interventions to date have been largely ineffective in improving transplant outcomes. Future 

interventions may wish to concentrate on non-adherent patients rather than using convenience 

sampling, use direct measures of adherence to guide the interventions, and employ strategies that are 

intensive and yet engaging enough to ensure that non-adherent patients are able to participate. 

 

Heldenbrand S, Martin BC, Gubbins PO, et al. Assessment of medication adherence app features, 

functionality, and health literacy level and the creation of a searchable Web-based adherence app 

resource for health care professionals and patients. J Am Pharm Assoc. 2016;56(3):293-302. 

https://www.ncbi.nlm.nih.gov/pubmed/27067551 

·      This study searched for and identified 367 unique evaluable adherence applications. The results of 

this study included scoring of apps and inclusion of the 100 highest-scoring apps onto a searchable 

website for healthcare providers and patients to use to identify potential apps that may benefit them 

(www.medappfinder.com). 

 

Adherence Assessment Tools  

Chisholm MA, Lance CE, Williamson GM, Mulloy LL. Development and validation of the 

immunosuppressant therapy adherence instrument (ITAS). Patient Educ Couns. 2005;59(1):13–20. 

https://www.ncbi.nlm.nih.gov/pubmed/16198214 

·      This study assessed and validated a five-item scale that measures patients’ adherence to 

immunosuppression therapy. The scale included one item that was deleted due to lack of response 

variability, and the published results of the four-item scale are the first published and validated 

instrument for measurement of adherence to immunosuppressive therapy. 

 

Dharancy S, Giral M, Tetaz R, Fatras M, Dubel L, Pageaux GP. Adherence with immunosuppressive 

treatment after transplantation: results from the French trial PREDICT. Clin Transplant. 2012;26(3):E293-

E299. 

http://www.ncbi.nlm.nih.gov/pubmed/22686953 

·       This observational study evaluated patient adherence using the “compliance evaluation test” and 

through physician a “visual analog scale”. Determinants of adherence were then explored. 
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Gustavsen MT, Midtvedt K, Lonning K, et al. Evaluation of tools for annual capture of adherence to 

immunosuppressive medications after renal transplant. Transplant International. 2019. 

https://www.ncbi.nlm.nih.gov/pubmed/30770608 

·      This study evaluated tools suitable for annual routine capture of adherence data in renal transplant 

patients. The BAASIS© overall response rate was over 80%. Intensive BAASIS© assessment early after 

transplantation increased the chance of capturing a nonadherence event, but did not influence the 1-

year adherence prevalence. The adherence-tools generally captured different populations. Combining 

these tools is feasible for annual capture of adherence status.  

 

Hugon A, Roustit M, Lehmann A, et al. Influence of intention to adhere, beliefs and satisfaction about 

medicines on adherence in solid organ transplant recipients. Transplantation. 2014;98(2):222-228. 

http://www.ncbi.nlm.nih.gov/pubmed/24926826 

·       This study aimed to determine whether parameters of a model adapted from the theory of planned 

behavior (attitudes and beliefs) could predict adherence in transplant patients 

 

Marsicano Ede O, Fernandes Nda S, Colugnati F, et al. Transcultural adaptation and initial validation of 

Brazilian-Portuguese version of the Basel assessment of adherence to immunosuppressive medications 

scale (BAASIS) in kidney transplants. BMC Nephrol. 2013;14(1):108. 

https://www.ncbi.nlm.nih.gov/pubmed/23692889 

·      This study aimed to validate an instrument for accurately estimating immunosuppressant 

nonadherence in Brazilian/Portuguese-speaking transplant patients known as the BAASIS. 

 

Schäfer‐Keller P, Steiger J, Bock A, Denhaerynck K, De Geest S. Diagnostic accuracy of measurement 

methods to assess non‐adherence to immunosuppressive drugs in kidney transplant recipients. Am J 

Transplant. 2008;8(3):616-626. 

https://www.ncbi.nlm.nih.gov/pubmed/18294158 

·      In this cross-sectional study, nonadherence was measured using electronic monitoring, assays, self-

reporting and clinician reports. The findings suggested that combining multiple measures resulted in 

increased accuracy in diagnosing nonadherence.   

 

Williams A, Low JK, Manias E, Dooley M, Crawford K. Trials and tribulations with electronic medication 

adherence monitoring in kidney transplantation. Res Social Adm Pharm. 2016;12(5):794-800. 

http://www.ncbi.nlm.nih.gov/pubmed/26616159 

·       This paper outlines the challenges in measuring medication adherence using electronic medication 

monitoring of kidney transplant patients. 

 

Interventions 

Abedini S, Gøransson L, Cockburn E, et al. Immunosuppression Adherence in Stable Kidney Transplant 

Patients Converted From Immediate-to Prolonged-Release Tacrolimus in Clinical Practice: A Norwegian 

Study. Transplantation direct. 2018;4(2). 

https://www.ncbi.nlm.nih.gov/pubmed/29464199 
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·      This was a non-interventional, observational, multicenter study involving over 90 Norwegian kidney 

transplant recipients who were converted from immediate to prolonged-release tacrolimus 

formulations. Immediately in the first month following conversion, patients were more adherent as 

compared to baseline; however, the increased adherence was not sustained through 12-months post-

conversion. 

 

Beckebaum S, Iacob S, Sweid D, et al. Efficacy, safety, and immunosuppressant adherence in stable liver 

transplant patients converted from a twice-daily tacrolimus-based regimen to once-daily tacrolimus 

extended-release formulation. Transpl Int. 2011;24(7):666-675. 

http://www.ncbi.nlm.nih.gov/pubmed/21466596 

·       This study set out to determine the efficacy, safety, and adherence implications of switching 

patients from twice daily to once daily tacrolimus dosing. 

 

Cukor D, Ver Halen N, Pencille M, Tedla F, Salifu M. A Pilot Randomized Controlled Trial to Promote 

Immunosuppressant Adherence in Adult Kidney Transplant Recipients. Nephron. 2017;135(1):6-14. 

https://www.ncbi.nlm.nih.gov/pubmed/28049201/ 

·       The aim of this pilot study was to test whether a culturally sensitive cognitive-behavioral adherence 

promotion program could significantly improve medication adherence to tacrolimus prescription as 

measured by telephone pill counts among kidney transplant recipients.  

 

Dobbels F, De Bleser L, Berben L, et al. Efficacy of a medication adherence enhancing intervention in 

transplantation: The MAESTRO-Tx trial. J Heart Lung Transplant. 2017;36(5):499-508. 

https://www.ncbi.nlm.nih.gov/pubmed/28162931 

·      In this randomized controlled trial, half of a cohort of heart, liver, and lung transplant recipients on 

twice daily tacrolimus-based immunosuppression regimens received patient tailored behavioral 

interventions over a 6-month period. Post-intervention, this group was noted to have higher-dosing 

adherence in comparison to the control (no intervention) group. The intervention group also trended to 

have better event-free survival at 5 years, with regards to mortality and retransplantation. 

 

Joost R, Dörje F, Schwitulla J, Eckardt K, Hugo C. Intensified pharmaceutical care is improving 

immunosuppressive medication adherence in kidney transplant recipients during the first post-

transplant year: a quasi-experimental study. Nephrol Dial Transplant. 2014;29(8):1597-1607. 

http://www.ncbi.nlm.nih.gov/pubmed/24914089 

·       This prospective trial utilized a pharmaceutical intensified care program led by clinical pharmacists 

to see if patient adherence would improve compared to patients who only received standard care 

 

Low JK, Crawford K, Manias E, Williams A. A compilation of consumers' stories: the development of a 

video to enhance medication adherence in newly transplanted kidney recipients. J Adv Nurs. 

2016;72(4):813-824. 

http://www.ncbi.nlm.nih.gov/pubmed/26709034 

·       This paper describes the design and development of a video created to educate new kidney 

transplant recipients about the importance of medication adherence. 
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Low JK, Williams A, Manias E, Crawford K. Interventions to improve medication adherence in adult 

kidney transplant recipients: a systematic review. Nephrol Dial Transplant. 2015;30(5):752-761. 

http://www.ncbi.nlm.nih.gov/pubmed/24950938 

·       This systematic review aimed to assess the effectiveness of interventions to improve medication 

adherence to immunosuppressive medications in adult kidney transplant patients 

 

Miloh T, Annunziato R, Arnon R, et al. Improved adherence and outcomes for pediatric liver transplant 

recipients by using text messaging. Pediatrics. 2009;124:e844–e850. 

https://www.ncbi.nlm.nih.gov/pubmed/19822583 

·       The aims of this prospective study were to pilot-test the effects of medication reminders via text 

message on patients’ adherence and outcomes  

 

Muduma G, Odeyemi I, Smith-palmer J, Pollock R. Budget impact of switching from an immediate-

release to a prolonged-release formulation of tacrolimus in renal transplant recipients in the UK based 

on differences in adherence. Patient Prefer Adherence. 2014;8:391-399. 

http://www.ncbi.nlm.nih.gov/pubmed/24729687 

·       This study assessed the cost differential between using a long-acting formulation of tacrolimus 

versus standard tacrolimus when considering the cost of non-adherence 

  

Reese PP, Bloom RD, Trofe-Clark J, et al. Automated reminders and physician notification to promote 

immunosuppression adherence among kidney transplant recipients: a randomized trial. Am J Kidney Dis. 

2017;69(3):400-409. 

https://www.ncbi.nlm.nih.gov/pubmed/27940063 

·       The aim of this randomized single center trial was to evaluate the impact of varying forms of custom 

reminders on tacrolimus adherence. Patients were provided wireless pill bottles containing tacrolimus 

which allowed for pill bottle opening recordings. 

 

Srivastava K, Arora A, Kataria A, Cappelleri JC, Sadosky A, Peterson AM. Impact of reducing dosing 

frequency on adherence to oral therapies: a literature review and meta-analysis. Patient Prefer 

Adherence. 2013;7:419-434. 

http://www.ncbi.nlm.nih.gov/pubmed/23737662 

·       This meta-analysis assessed the impact of reduced frequency dosing on adherence, compliance, 

persistence, and associated economic impact. 

 

Tsapepas DS, Salerno D, Jandovitz N, et al. Using technology to enhance medication regimen education 

after solid organ transplantation. Am J Health Syst Pharm. 2018;75(23):1930-1937. 

https://www.ncbi.nlm.nih.gov/pubmed/30463868 

·      In this retrospective cohort study, a digital education intervention was introduced to 282 kidney 

transplant recipients. Patients were able to correctly answer questions related to medication 

indications, dosing, and administration considerations (90%), but many (61%) had issues properly 
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identifying adverse effects. This study does not directly address an intervention for improving 

adherence, but instead focuses on optimizing medication education in solid organ transplant recipients. 

 

Williams A, Crawford K, Manias E, et al. Examining the preparation and ongoing support of adults to take 

their medications as prescribed in kidney transplantation. J Eval Clin Pract. 2015;21(2):180-186. 

http://www.ncbi.nlm.nih.gov/pubmed/25318842 

·       This paper examines how adult transplant recipients are prepared and supported by transplant 

coordinators and pharmacists to take their medications as prescribed. 

 

Tacrolimus IntraPatient Variability 

Leino AD, King EC, Jiang W, et al. Assessment of Tacrolimus Intra‐patient Variability in Stable Adherent 

Transplant Recipients: Establishing Baseline Values. Am J Transplant. 2018. 

https://www.ncbi.nlm.nih.gov/pubmed/30506623 

·      This study evaluated a cohort of adherent liver and kidney transplant recipients and sought to 

determine the intra-patient variability of tacrolimus. In this retrospective analysis of 96 patients, results 

suggested that monitoring standard deviations of routine tacrolimus blood levels can be of utility in 

detecting non-adherence to immunosuppressant medications prior to clinical rejection and allow for 

earlier intervention. 

 

Shemesh E, Fine RN. Is calculating the standard deviation of tacrolimus trough levels the new gold 

standard for evaluating nonadherence to medications in transplant recipients? Pediatr Transplant. 

2010;14(8):940–943. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2992596/ 

·      An editorial addressing standard deviation of tacrolimus trough levels as a standard for addressing 

nonadherence. In this, the author(s) state that while medication level variation has promise as a 

procedure to evaluate nonadherence, more data must be conducted in larger, prospective studies 

before implementation on a large-scale occurs. 

 

Shemesh E, Bucuvalas JC, Anand R, et al. The Medication Level Variability Index (MLVI) predicts poor 

liver transplant outcomes: a prospective multi-site study. Am J Transplant. 2017; 17(10): 2668-2678. 

https://www.ncbi.nlm.nih.gov/pubmed/28321975 

·      In this prospective, multicenter study that studied the Medication Level Variability Index (MLVI) as a 

means for detecting nonadherence, results demonstrated that a higher MLVI pre-rejection predicted 

rejection as well as had significant association with other secondary outcomes. The results of this larger 

study suggest that MLVI is a marker that can use clinically-derived information in order to predict 

rejection. 

 

Shuker N, Bouamar R, Hesselink DA, et al. Intrapatient Variability in Tacrolimus Exposure Does Not 

Predict the Development of Cardiac Allograft Vasculopathy After Heart Transplant. Exp Clin Transplant. 

2018;16(3):326-332. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Experimental+and+Clinical+Transplantation+(2018)+3%3

A+326-332 
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 ·      This retrospective study evaluated the impact of tacrolimus IPV on CAV and acute cellular rejection 

after heart transplant in 86 patients. Results suggest  a high intrapatient variability in tacrolimus 

exposure does not appear to influence heart transplant outcomes, unlike its influence on kidney 

transplant function. A higher immunosuppression exposure after heart transplant, including the use of 

prednisone often in a combination of 3 immunosuppressive drugs, may protect against the effects of 

high intrapatient tacrolimus variability. 

 

Shuker N, Shuker L, Van Rosmalen J, et al. A high intrapatient variability in tacrolimus exposure is 

associated with poor long-term outcome of kidney transplantation. Transpl Int. 2016 Nov;29(11):1158-

1167. 

https://www.ncbi.nlm.nih.gov/pubmed/27188932 

·      This retrospective cohort study evaluated the impact of high IPV in tacrolimus exposure on a 

composite endpoint of graft failure, late BPAR, histologically confirmed transplant glomerulopathy, or 

doubling of serum creatinine concentration in the period between month 12 after the transplantation 

and the last follow-up. 

 

Shuker N, van Gelder T, Hesselink DA. Intra-patient variability in tacrolimus exposure: causes, 

consequences for clinical management. Transplant Rev. 2015;29(2):78-84. 

https://www.ncbi.nlm.nih.gov/pubmed/25687818 

·      Review article presenting the evidence for intra-patient variability in tacrolimus pharmacokinetics in 

the use of optimizing transplant outcomes and gauging nonadherence. 

  

Stuber ML, Shemesh E, Seacord D, Washington J 3rd, Hellemann G, McDiarmid S. Evaluating 

nonadherence to immunosuppressant medications in pediatric liver transplant recipients. Pediatr 

Transplant. 2008;12(3):284–288. 

https://www.ncbi.nlm.nih.gov/pubmed/18331387 

·      In this retrospective analysis of 96 patients, results suggested that monitoring standard deviations of 

routine tacrolimus blood levels can be of utility in detecting non-adherence to immunosuppressant 

medications prior to clinical rejection and allow for earlier intervention. 

 

Supelana C, Annunziato RA, Schiano TD, et al. The Medication Level Variability Index (MLVI) predicts 

rejection, possibility due to nonadherence, in adult liver transplant recipients. Liver Transpl. 

2014;20(10):1168-1177. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4177441/ 

·      In this study, a retrospective chart review sought to validate previous findings that a higher MLVI 

may predict rejection and found that the MLVI was both associated with rejection as well as may predict 

its occurrence in adult liver transplant recipients. 

 

Van Der Veer MAA, Nagrahary N, Hesselink DA, et al. High Intra-Patient Variability in Tacrolimus 

Exposure Is Not Associated with Immune-Mediated Graft Injury after Liver Transplantation. 

Transplantation. 2019  

https://www.ncbi.nlm.nih.gov/pubmed/30801539 
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·      This study evaluated the impact of intrapatient variability on immune-mediated graft injury after 

month six in 326 liver transplant recipients. Secondary outcomes were the association between 

tacrolimus IPV on loss of renal function per year follow up and CMV after month 6. They concluded that 

high IPV in tacrolimus exposure beyond month 6 post-liver transplantation was not associated with 

immune-mediated graft injury. 

 

Venkat VL, Nick TG, Wang Y, Bucuvalas JC. An objective measure to identify pediatric liver transplant 

recipients at risk for late allograft rejection related to non-adherence. Pediatr Transplant. 

2008;12(1):67–72. 

https://www.ncbi.nlm.nih.gov/pubmed/18186891 

·      In this retrospective cohort study, variation in calcineurin inhibitor levels was studied after a 

protocol for immunosuppression management was introduced at a single center. The study group found 
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