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Abstract: Short-term patient and graft outcomes continue to improve after kidney and liver transplantation, with 1-year survival

rates over 80%; however, improving longer-term outcomes remains a challenge. Improving the function of grafts and health of re-
cipients would not only enhance quality and length of life, but would also reduce the need for retransplantation, and thus increase
the number of organs available for transplant. The clinical transplant community needs to identify and manage those patient mod-
ifiable factors, to decrease the risk of graft failure, and improve longer-term outcomes.

COMMIT was formed in 2015 and is composed of 20 leading kidney and liver transplant specialists from 9 countries across
Europe. The group’s remit is to provide expert guidance for the long-term management of kidney and liver transplant patients, with
the aim of improving outcomes by minimizing modifiable risks associated with poor graft and patient survival posttransplant.
The objective of this supplement is to provide specific, practical recommmendations, 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 post-
operative year. In addition, the provision of a checklist increases the clinical utility and accessibility of these recommendations, by

(Transplantation 2017;101: S1-S56)

offering a systematic and efficient way to implement screening and monitoring of modifiable risks in the clinical setting.
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olid organ transplantation has evolved from an experi-

mental procedure to an established treatment option
for many types of end-stage organ failure. Both patient and
graft outcomes are continuing to improve, and 1-year patient
and graft survival currently exceed 80%.'* However, sur-
vival rates gradually decline over the long term. In kidney
transplant, 5- and 10-year graft survival rates in Europe are
77% and 56%, and for liver transplant, 64% and 54%
(Figures 1 and 2).>*
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Although most European countries have seen an increase
in both living and deceased donation, transplantation is not
available to all who would benefit from the procedure, and
there is considerable morbidity and mortality for those
listed for transplant.® Therefore, maximizing long-term
graft survival and reducing the need for retransplantation
is paramount, not only in improving outcomes for the re-
cipients but also for those awaiting a graft. The improve-
ment in outcomes is predominantly due to reduction in
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FIGURE 1. 1-to 10-year graft and patient survival rates after kidney transplantation. 1-year and cumulative 5- and 10-year age-adjusted kid-
ney graft survival rates calculated for 2005 to 2008 by period analysis; TSurvival probabilities were adjusted for age, sex and cause of end-stage
renal disease (data shown in figure for period 2004-2008); *Data from 2007 to 2011 period not shown in figure. Figure based on data from

Gondos 2013 and Kramer 2016.%°

early graft loss and patient death, better surgical and anes-
thetic skills, technological innovations, improved donor
and recipient management, and the advent of newer and
more effective immunosuppressive agents.” Despite the im-
provement in survival rates, attention is now becoming

more focused on improving longer-term outcomes beyond
the first year posttransplant.

Posttransplantation care requires involvement from multi-
disciplinary healthcare professionals (HCPs) who must work
collaboratively with the patient, their family, and the healthcare
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FIGURE 2. 1-to 10-year graft and patient survival rates in liver transplantation. Reprinted with permission of the European Liver Transplant
Registry: www.eltr.org/Evolution-of-LTs-in-Europe.html* (Accessed July 2016).
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provider. Maintaining a viable graft and healthy patient in-
volves the consideration of many factors and balancing the need
for immunosuppression with the associated risks. In addition to
the direct and indirect consequences of immunosuppression,
a multitude of risk factors influence patient and graft sur-
vival. Some risk factors may be present before transplanta-
tion (such as cardiovascular disease (CVD) seen especially
in kidney transplant recipients), and other factors, such as
donor age, cannot be modified.®’ However, some risk fac-
tors have the potential to be modified or mitigated posttrans-
plantation to improve outcomes, including behavioral risk
factors, such as medication adherence.'*1*

The Consensus On Managing Modifiable risk In Trans-
plantation (COMMIT) group was convened to provide
practical recommendations for the identification and man-
agement of modifiable risk factors to maximize the life of
the graft and patient after kidney and liver transplant.

Modifiable Risk Factors for Graft
Loss Posttransplantation

Although solid organ transplantation improves both the
quality and quantity of life of the recipient, the survival is less
than an age-matched cohort from the general population. A
study in the United Kingdom of adult liver allograft recipi-
ents, who had survived the first postoperative year, showed
the average number of life-years lost was 7.7 years; those
who had their transplants at a younger age (17-34 years)
had a far greater loss of life-years than those who had their
transplant later (>35 years), and women had fewer life-
years lost than men."*"'* The main causes of death included
cardiac problems, malignancy, and infection, and causes of
graft failure included recurrent disease and chronic rejec-
tion.">'® In a retrospective review of 4483 adult primary
liver transplant recipients, major causes of death were malig-
nancy (30.6% ), multisystem failure (10%), infection (9.8 %),
graft failure (9.8%), and CVD (8.7%)."”

El-Agroudy et al'® found the main causes of death in kid-
ney allograft recipients were infections (35.6%), CVD
(17.6%), liver disease (11.4%), and malignancy (6.1%). Of
nearly 1600 kidney recipients in Japan, Shimmura et al'®
found the main causes of death with a functioning graft were
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infection (24%), stroke (17%), CVD (16%), malignancy
(15%), and liver failure (12%).

Graft loss has been attributed to both immunological and
nonimmunological factors in kidney and liver transplant re-
cipients (Figures 3 and 4).

Preoperative, perioperative, and postoperative factors may
impact long-term outcomes; these include donor and organ
factors as well as logistic factors. For kidney transplantation,
these include early ischemic injury, acute allograft rejection,
and delayed graft function (DGF). For liver transplanta-
tion, early allograft dysfunction (EAD), prolonged cold ische-
mia times and use of steatotic livers and organs from donation
after cardiac death (DCD) donors may contribute to reduced
graft and patient survival >3

In both kidney and liver transplant recipients, modifiable
risk factors for graft failure over the longer term include is-
sues related to immunosuppression, such as nonadherence,*
underimmunosuppression,*® toxicity and adverse effects re-
lated to immunosuppression,®” and high intrapatient variabil-
ity (IPV) in immunosuppressive exposure.>® The development
of de novo donor-specific antibodies (DSAs) is also considered
to be a modifiable risk factor, and has been strongly associated
with nonadherence to immunosuppression in kidney trans-
plant recipients.”® However, knowledge of the pathological
impact of DSAs is still evolving, particularly with regard to
the impact of DSAs postliver transplantation.>**!

Furthermore, patient survival can be improved by atten-
tion to modifiable risk factors for CVD and cerebrovascular
disease, some infections and some cancers.** The develop-
ment of new-onset diabetes posttransplant (NODAT) is also
associated with reduced patient and graft survival, as well
as an increased risk of infections and CVD.** This list of risk
factors is not exhaustive. Other factors that may have an im-
pact on graft or patient survival include recurrence of initial
disease.>* Although there is little to be done regarding the
nonmodifiable risk factors of graft failure, better screening
and management of modifiable risk factors could improve
long-term survival rates if integrated into routine clinical
practice. Each section in this guidance document includes a
review of the problem to be addressed, a summary of the lit-
erature and current clinical practice.

Nonimmunological factors
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FIGURE 3. Causes of late graft loss in kidney transplant recipients. Figure based on data from Jevnikar 2008, Pazhayattil 2014, Sellarés 2012,
Lefaucheur 2010, Koenig 2016, Valenzuela 2013, Siedlecki 2011 and Puttarajappa 2012.'8-%
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to immunosuppressive agents are modifiable risk factors. Figure based on data from Hibscher 2011, Bekker 2009, O’Leary 2014, Supelana

2014, Charlton 2013 and Kamar 2008.26-"

Existing Clinical Guidance for Long-Term
Management in Transplantation

There are several national and international guidelines
outlining approaches to improve both kidney and liver graft
outcomes. Implementation of some of the recommendations
has been shown to improve outcomes; for example, imple-
mentation of the predefined donor management goals defined
by the United Network for Organ Sharing (UNOS) has re-
sulted in a significant decrease in the incidence of DGF in those
cases where the donor management goals were met.** In addi-
tion, cardiovascular prediction models and risk calculators to
predict the risk of developing cardiovascular complications
posttransplant are being introduced in the clinic and their
use may allow introduction of targeted interventions that will
reduce morbidity and mortality.** However, comprehensive,
standardized methods to identify, screen and manage poten-
tially reversible risk factors for graft failure and patient death
are lacking in many of the current guidelines, as discussed be-
low. Furthermore, with the increasing number of surviving al-
lograft recipients, many are being followed in nontransplant
centers and by HCPs who may not be as familiar with cur-
rent best practice as those working in transplant units.

Objectives and Aims of COMMIT

COMMIT was formed in 20135 to provide expert practical
guidance for the long-term management of kidney and liver
transplant patients, with the aim of improving outcomes by
minimizing modifiable risks of poor graft and patient sur-
vival posttransplant. The COMMIT expert group comprises
20 leading kidney and liver transplant specialists from 9
countries across Europe.

Objectives
The group's objectives are to develop specific, practical re-
commendations that focus on the management of modifiable

risk in those kidney and liver transplant patients who have
survived the first postoperative year, including some pre-
transplantation and peritransplantation considerations.

Target Audience

The prime target audience are HCPs, including medical
staff, nurses and pharmacists caring for allograft recipients
outside transplant units, and junior professionals working
in transplant units, although the recommendations will be rel-
evant to all those involved in the care of transplant recipients.

Recommendations

The recommendations are intended to complement, rather
than replace, local guidelines. Therefore, specific recommen-
dations have not been provided on immunosuppression reg-
imens or the investigation and management of abnormal
graft function.

In this guidance document, we discuss each of the identi-
fied modifiable risk factors (Table 1) for both kidney and
liver transplantation. Each section begins with a discussion
of the evidence and current best practice related to the
management of the risk factor, followed by a separate set of
specific recommendations for each organ. To increase the
clinical utility and accessibility of the recommendations, we
have created a checklist (Appendices 2 and 3) that could be
used as an aide-memoire for the professionals looking after
these patients. Importantly, the checklist provides a
systematic and efficient way to implement screening and
monitoring of risk in the clinical setting.

It is important to stress that the recommendations are
sometimes broad, because all treatment and interventions
must be tailored to the individual transplant recipient. As
mentioned, patient and graft outcomes will depend on
many factors, including recipient age, sex, lifestyle,
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Major modifiable risk factors for graft loss

Nonadherence
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Underimmunosuppression/overminimization of immunosuppression

Adverse effects related to immunosuppression
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Early ischemic injury and DGF (kidney)/EAD and nonanastomotic
biliary strictures (liver)

Cardiovascular and metabolic complications

comorbid diseases, and indication for transplant. Donor
and surgical factors may also have a significant impact
on outcomes. Nevertheless, we believe that formalized
screening and management of modifiable risk factors in
all patients after the first year of transplantation will lead
to marked improvement in long-term outcomes. Specific
recommendations have not been provided on immunosup-
pression regimens or the investigation and management of
abnormal graft function.

General health recommendations, such as smoking cessa-
tion and avoidance of excessive alcohol consumption, have
not been discussed in detail, because these should form part
of every clinical appointment.

These guidelines focus on major modifiable risk factors
that improve long-term outcomes after liver and kidney
transplantation in adults. However, 2 aspects of general care
merit mention: immunization, which plays an important role
in reducing the risk of some infections; the response to immu-
nization may be blunted and live and attenuated vaccines
avoided.* Sexual health is also important, and patients
should be advised about the teratogenicity of some immuno-
suppressive agents and the need to consider the impact of
pregnancy both on the risk of rejection and the pharmacoki-
netic changes of drug metabolism.*¢*8

We have also not made recommendations on the frequency
of follow-up after the first year because this will depend on
many factors, including the clinical status of the patient, co-
morbidities, and graft function. If the patient is stable and
with good graft function and over 1 year posttransplant, then
most centers recommend assessing the patient every 3 months.
If the patient becomes unwell, graft function deteriorates,
changes medication, then the review should be more fre-
quent. If the immunosuppression regimen is modified, then
therapeutic drug monitoring and patient assessment should
be done more frequently. If the immunosuppression is
discontinued, drastically reduced or other drugs that affect
metabolism of the immunosuppressive agents are prescribed,
then the drugs and graft should be monitored more fre-
quently, and daily monitoring may be indicated. Hospitalized
allograft recipients will usually have drug levels of calcine-
urin inhibitors (CNIs) or mammalian target of rapamycin in-

hibitors (mTORi) checked daily.

METHODS

The COMMIT program featured 2 organ-specific work-
ing groups (kidney and liver). Each working group was further
divided into workstreams to develop the recommendations for
each of the modifiable risk factors in parallel.

A workstream lead was appointed to oversee the develop-
ment of the practical recommendations and to facilitate

www.transplantjournal.com

consensus within the respective workstreams. All members
of the COMMIT program reviewed and provided feedback
on all sections of the guidance report as part of a Delphi
study, as described below.

Literature Review

A literature review was conducted to gain an understand-
ing of current posttransplant clinical practices and to identify
the key gaps in the available guidance related to the practical
management of modifiable risk factors in posttransplanta-
tion care. MEDLINE and Google Scholar databases, and re-
sources from international transplant societies were searched
for kidney and liver transplantation guidelines using varying
search terms including kidney transplant guidelines, liver
transplant guidelines, kidney transplant recommendations,
liver transplant recommendations.

The original search was conducted between August 7,
2015, and September 10, 2015, and was restricted to English
language articles; the guidelines included were published be-
tween 1999 and 2015. The search results were filtered ac-
cording to relevance for kidney or liver transplantation and
for guidance posttransplantation. A summary document, or
“concept paper,” was created based on the results of the
literature review to focus and inform initial discussions
on the concept and content of the recommendations. Sub-
sequent literature reviews were conducted in early 2016
within the respective workstreams to develop and support
the practical recommendations.

Development of Practical Recommendations Using a
Modified Delphi Approach

A modified Delphi approach (Figure 5) was used to reach
agreement and validate the practical clinical recom-
mendations. The qualitative and interactive Delphi approach
has been described previously.*” A total of 18 members of the
COMMIT group participated in the first online Delphi-
like survey (November 2015). The first survey was used
to explore the modifiable risk factors that lead to graft loss
in clinical practice, and prioritize them for discussion in the
guidance document. Furthermore, the survey gave the op-
portunity for the group to comment on those risk factors
or topics that had not been addressed. This informed the
development of the concept paper. A preliminary meeting
of all authors was held on December 9, 2015, to discuss the
results of the literature review and the Delphi-like online
survey. Feedback and discussions from this meeting were
collated into an initial discussion document, which formed
the basis of the second Delphi-like survey (May 2016). In
the second survey, COMMIT group members were asked
to review the first draft of the guidance report, and to state
their level of alignment with the content included. If not
aligned, members were invited to provide reasons and
supporting evidence for consideration for inclusion in the
guidance report. The results of the second Delphi-like
survey included responses from 18 COMMIT members.
A second COMMIT meeting was held on June 22,2016, to
discuss the practical recommendations. A third Delphi-like
survey included all 20 members of the group and was
conducted in October 2016. The survey focused on the
group's satisfaction with the recommendations that had
been made, the checklist that had been developed, and fi-
nal agreement on the guidance report.
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FIGURE 5. Modified Delphi approach.

Practical recommendation statements achieving 100%
agreement were included in the final guidance document.
The evidence supporting each recommendation was evalu-
ated and graded according to the Oxford Centre for
Evidence-Based Medicine (OCEBM) system (see Appendix 1).*°
The evidence is ranked on a hierarchy with the strongest best
evidence (such as a systematic review of randomised trials)
assigned level 1 and evidence based solely on understanding
of known mechanisms assigned level 5 (lowest grade). This
enables clinicians to understand the strength of the evi-
dence.’® The recommendations were proposed by the section
authors and approved by all authors.

Limitations of Methodology

The use of any evidence ranking system, such as the
OCEBM, for patient management recommendations should
be carried out with clinical judgment as forethought.’® Al-
though these recommendations did achieve an acceptable level
of agreement (100%) using the Delphi-like approach, this
method identifies current medical opinion, and is not an alter-
native to rigorous clinical trials, where evidence is lacking.*’

NONADHERENCE TO IMMUNOSUPPRESSIVE
AGENTS AS A MODIFIABLE RISK FACTOR FOR
POOR OUTCOMES IN LIVER AND KIDNEY
TRANSPLANTATION

Problem to be Addressed

Transplantation offers patients with end-stage liver or kid-
ney disease improved quality of life and longer survival.’'-**

Practical guidance
report and
recommendations
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2nd online
Delphi-like survey
developed from initial
iscussion document

3rd online
Delphi-like survey

Final agreement
on practical
guidance report,
recommendations
and checklist

2nd COMMIT meeting
to discuss practical
guidance report
and recommendations

However, transplant recipients need to adhere to complex
therapeutic regimens often including 1 or more immuno-
suppressive agents and other medications to prevent or
treat comorbidities. >

Historically, research relating to adherence has been fo-
cused on adherence to medication. However, it is now recog-
nized that adherence includes a broad range of health-related
behaviors that need to be considered in addition to taking
prescribed medication, such as the relationship between the
patient and healthcare provider.>** In addressing some of
these complexities, The World Health Organization defines
nonadherence to a long-term therapy as “the extent to which
a person’s behavior—taking medication, following a diet,
and/or executing lifestyle changes, corresponds with agreed
recommendations from a healthcare provider.”*?

Nonadherence to a treatment regimen can entail not taking
a dose, irregularity of drug taking, drug holidays, dose reduc-
tion, or discontinuation of drug taking.>>**® Patients have to
manage complex and sometimes changing medication sched-
ules, deal with emotions and indebtedness towards clinicians
and their organ donor, and cope with side effects of drugs.’”
Nonadherence can also be intentional or nonintentional.’®
Nonadherent transplant recipients tend to have less control
over their lives, can be more forgetful, miss more doses when
diverted from a daily routine, and skip doses, especially when
short of money.*” These nonadherent patients can also feel
that immunosuppressive regimens are a disruption to their
lives, or are not necessary at all.>? In a study by Greenstein
et al,’* 3 distinct groups of noncompliers were identified
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among adult renal transplant patients: accidental noncom-
pliers, patients who felt invulnerable, and decisive noncompliers.
Each of these groups required different interventions.>>**°

There are several studies on the recipients’ perspectives of
medicine-taking. A study of 113 adult kidney transplant re-
cipients found that there were 3 patient attitudes towards
medication and adherence: “confident and accurate,” “con-
cerned and vigilant,” and “appearance orientated and asser-
tive.”>* However, the group discovered no significant
association between attitudes and self-reported nonadher-
ence.>* Massey et al®' found that in kidney transplant re-
cipients, despite reporting a high degree of perceived
necessity and had relatively few concerns about their im-
munosuppressive regimen, nonadherence increased signif-
icantly over a period of 18 months. The group concluded
that beliefs about immunosuppressive medication and ad-
herence in kidney transplantation were not related in
this study.®!

Variability in measurement modalities, operational defini-
tions, and sampling methods makes comparisons between
nonadherence studies challenging; however, the evidence
points to a high level of nonadherence to immunosuppression
posttransplant (aépproximately 22-68%) across the transplant
continuum.*>***** It has been established that posttransplant
nonadherence to immunosuppressive regimens is an indepen-
dent risk factor for poor clinical outcomes.'*1?

In liver transplantation, a retrospective study of 359 trans-
plant recipients showed that low adherence to treatment dur-
ing the first 6 to 18 months posttransplant led to a higher risk
of graft loss.>* Nonadherence predicted acute rejection (odds
ratio [OR], 4.95; 95% confidence interval [CI], 1.6-14.7)
during a S-year follow-up period.®® Most importantly, non-
adherence negatively impacted on graft and patient survival
after liver transplantation.®® A 2006 retrospective audit
of the Scottish Liver Transplant Unit’s database estimated
nonadherence to be responsible for 1 in 10 deaths in liver
transplant recipients.®’

A meta-analysis by Dew et al®* demonstrated the rate of
nonadherence to have been more common in kidney trans-
plant patients compared to recipients of other solid organs,
including liver, heart and lung, with a rate of 36 cases per
100 patients per year in the kidney group. Furthermore, it
has been reported that nonadherence may be a contributing
factor to graft loss in 36 % of kidney transplant recipients.”>
Nonadherence is also an independent risk factor for the de-
velopment of de novo DSAs and higher rates of graft failure
in kidney transplantation.?® Sellarés et al*® demonstrated a di-
rect link between the development of DSAs, nonadherence to
treatment and graft failure. Of the 3135 patients in this prospec-
tive study, concerns about nonadherence were recorded in
26 patients. Grafts failed in 19 of these nonadherent patients,
with a total of 17 reported as rejection-related failures.

Nonadherence pretransplant is a predictor of nonadher-
ence posttransplant.®® A prospective study of 141 lung, heart,
and liver transplant patients showed that pretransplant nonad-
herence was a predictor of poor adherence posttransplant
(OR, 7.9; 95% CI, 2.35-26.8).°® This finding was supported
by a larger prospective nationwide cohort study of 1505 renal,
liver, lung and heart transplant patients (OR, 3.10; 95% CI,
2.29-4.21).°¢ Pretransplant self-reported nonadherence has
also been found to be a predictor of acute rejection (OR, 4.4;

95% CI, 1.18-16.16).®
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The large impact that nonadherence has on treatment ef-
fectiveness is reflected in poor patient health outcomes, and
increased healthcare costs.’® Data demonstrate that the
economic burden of nonadherence to immunosuppressive
regimens is substantial, although specific data for liver
transplantation are lacking.'® Using an economic model of
renal transplantation over a lifetime, Cleemput et al®’
showed that quality-adjusted life years, a measure of disease
burden, was greater for adherent patients, than nonadherent
patients. The considerable financial impact of nonadherence
to immunosuppressive regimens is evidenced b7y the high
costs of kidney transplantation.”® Pinsky et al’! reported
that, 3 years after renal transplantation, a nonadherent pa-
tient, on average, generates US$ 12 840 higher medical costs
compared with a highly adherent patient.

This evidence indicates that reducing nonadherence has
the potential to significantly improve medium- and long-
term outcomes in organ transplantation. Understanding the
factors associated with nonadherence contributes to risk as-
sessment, and could aid the development of preventative
and remediating interventions.”>

Multilevel Risk Factors for Nonadherence: Call for
Multilevel Adherence Interventions

Nonadherence is the result of many interacting factors,
and can be tackled at different levels of the healthcare sys-
tem.”? Established multilevel risk factors for nonadherence
include sociodemographic factors, treatment- and condition-
related factors, healthcare teams, and system-related fac-
tors.!? More information on these multilevel risk factors
can be found in Table 2. The relation between these factors
is complex: a meta-analysis of 147 studies in kidney, heart,

Multilevel risk factors for nonadherence to
immunosuppressive regimens>%586273-76

Risk factor Examples

Sociodemographic factors e Adolescence, senior patient age
(eg, when cognitively impaired)

e | ack of social support

e Non-white race

e Previous nonadherence

e Disturbing side-effects

e Barriers: busy lifestyle, interruption
of daily routine

e Forgetfulness

e |nadequate health beliefs

e History of substance abuse

e Higher complexity and longer duration of the
drug regimen, number of prescribed pills

e Taste and size of the pill

e Depressive symptomatology

e L ack of adherence assessment as part of
regular transplant follow-up

e | ack of adherence support as part of
transplant follow-up

e | ack of coverage of immunosuppressive drugs

e HCPs not trained in behavioral assessment
and interventions, or adequate
communication style

Patient-related factors

Treatment-related factors

Condition-related factors
Healthcare teams and
systems factors
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liver, pancreas/kidney-pancreas, and lung/heart-lung trans-
plant recipients, found little correlation between nonadher-
ence and most patient psychosocial characteristics. Based
on this, the authors suggested a shift in focus towards
provider-related and system-related factors.®*">

Identification of Nonadherent Transplant Recipients

Accurate recognition of patients who are nonadherent is
often difficult, so effective tools for identifying at-risk patients
are very important.”” Some of the available tools/methods for
identifying nonadherent patients are shown in Figure 6.

Strategies for Managing Nonadherence

Identification of patients at risk for nonadherence could
be initiated by routinely and systematically assessing medi-
cation adherence as the “fifth vital sign” (integrated into
the electronic medical record) along the transplant contin-
uum. In the absence of sophisticated methods for assessing
nonadherence in daily clinical practice, such as electronic
monitoring, it is advisable to combine all the information
from available sources, such as self-reports, collateral re-
ports, pharmacy refill data and/or assays,?**! to determine
at each clinical encounter whether patients are experiencing
issues with nonadherence.'”

Once patients at risk of medication nonadherence are
identified, they can be targeted for more intensive, tailored
interventions. Implementation of these interventions should
be tailored to the barriers to drug adherence that have been
identified, or other targetable risk factors for nonadher-
ence.3>83 Transplant follow-up care based on principles of
chronic illness management, in which support for patient
self-management for adherence to an immunosuppressive
regimen is integrated, resulted in higher levels of adherence
and/or improved clinical and healthcare utilization parame-
ters in 2 renal transplant studies.®*%

Current practice focuses strongly on patient education.
However, this approach has limited efficacy for improving
adherence, and is therefore best combined with counseling/
behavioral interventions and psychological/affective inter-
ventions.’®%” A randomized controlled trial (RCT) of 150
adult renal transplant patients found that 1-year behavioral

86

contract intervention significantly improved adherence to
immunosuppressant therapy.®® Table 3 highlights some patient-
level interventions for managing nonadherence to immuno-
suppressive regimens.’>%¢ A recently presented RCT that
tested the efficacy of a multidimensional, 6-month adherence-
enhancing intervention in heart, lung, and liver transplant re-
cipients showed a 16% increase in adherence at the end of
the intervention period, an effect that persisted during the
6-month wean-off phase. Moreover, the intervention group
had a 10% decrease in mortality over the 5-year follow-up
period (P = 0.18). The theory-based core and tailored inter-
vention consisted of electronic monitoring of adherence;

Patient-level interventions for nonadherence to

immunosuppressive regimens>%82:8386.93,95

Patient-level interventions Examples

Counseling/behavioral e Training patients during inpatient recovery

interventions on how to take medications
e Providing adherence reminders during
clinic visits
© Medication schedules
Psychological/affective e |nvolving family
interventions e Providing support with educational and
behavioral interventions
e Establishing support groups directed
at adherence
Educational/cognitive e Providing printed medication instructions/clear
interventions prescription instructions

e |ndividual patient/family teaching

o Simplified regimens, eg, monotherapy,
once-daily dosing or long-acting
parenteral administration

e Medication reminder cues, prefilled/easy-to-use
pill boxes, contingency plans for missed doses

e (Clinicians need to be aware of concomitant
medications and focus on prescribing the
most essential medication

Medical interventions
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feedback was provided to the patients by electronic monitor-
ing printouts, goal setting, action planning and motivational
interviewing. Patients found to be nonadherent received a
high level of tailored adherence interventions.®’
Motivational techniques are important in shaping medicine-
taking behaviors, and 1 approach is the use of electronic de-
vices. In a recent RCT, the effectiveness of wireless-enabled
pill bottles to promote immunosuppression adherence in
120 kidney transplant recipients was investigated. Patient ad-
herence was found to be significantly higher in groups using
notifications and customized reminders, compared with the
control group.” Another study demonstrated an association
between electronic medication dispensers and higher adher-
ence in a group of renal transplantation patients.”!
Adherence interventions can be delivered in one-to-one
sessions, group sessions or using (interactive) e-health technol-
ogy. One recent communication also reported the development
of an 18-minute consumer-driven video to deliver information
about the importance of medication adherence to patients.””
Future work should assess which intervention delivery mode
is most appropriate for diverse clinical contexts, from an effec-
tiveness, as well as from a health economic perspective.
Simplified drug regimens (eg, monotherapy, once-daily
dosing, long-acting parenteral administration), medication
reminder cues, the support of family and friends, contingency
plans for missed doses, and easy-to-use pill boxes are all
strategies for further limiting the unintentional form of non-
adherence.’®**?®> However, there is convincing evidence
that a simplified immunosuppressive regimen might benefit
all patients, regardless of their susceptibility to nonadher-
ence.’>?>?* The Adherence Measurement in Stable Renal
Transplant Patients Following Conversion From Prograf
to Advagraf (ADMIRAD) study demonstrated superior im-
plementation of the once-daily prolonged-release tacroli-
mus regimen over the twice-daily regimen in adult renal
patients treated with tacrolimus twice daily for at least
3 months before inclusion. The study highlighted that sim-
plification of the regimen reduced the patient’s pill burden
and also eliminated the evening dose, which is more likely
to be missed.”® The authors suggested that further research
should include investigation into the pharmacologic effect
of a patient skipping a single twice-daily dose, versus skip-
ping a single once-daily dose, to understand the impact of
dosing error with each regimen.”®
Nonadherence increases among adolescents, young adults,
and with senior patient age, signifying that these patient sub-
groups may require specific attention.>>**% A study of 108
adult liver transplant patients examined the risk factors for
compliance with prednisolone treatment (as part of a double
or triple drug immunosuppressive regimen) and found that
age below 40 years was a significant risk factor for nonadher-
ence.”” Furthermore, Pinsky et al”* reported that adolescent
kidney transplant recipients aged 19 to 24 years were more
likely to demonstrate persistent nonadherence, than patients
aged 24 to 44 years. A particular concern is the risk of young
adults not recognizing their own nonadherence.'® These
nonadherent groups may profit from targeted education,
medication schedules, clear prescription instructions, and
simplified drug regimens. Reminder cues and prefilled pill
boxes might also be useful in these patient groups.’’
Community-based young adult clinics can have a positive
impact on both medication and clinic adherence, and the social
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accountability in transition program has also shown promise
for improving adherence in younger transplant patients.””

In view of the existing data, it seems reasonable to suggest
that clinicians should routinely repeat key messages to patients
at appropriate opportunities during posttransplantation
consultations (eg, highlighting the risks associated with
nonadherence to therapy). However, education alone may
not be sufficient and further interventions may be required
to modify a patient’s habits and behavior.®® In summary,
a combination of different interventions may be the most
effective strategy in enhancing patient self-management
and adherence to medication, and ultimately improving
outcomes posttransplant.

Recommendations for Managing Nonadherence in
Kidney Transplantation

1. Establish a “baseline” evaluation of medication adherence
at the time of listing for transplantation. (Level 3)

O Assess the patient’s previous ability to adhere to therapeutic
regimens
= Tools include the Immunosuppressant Therapy Adherence
Scale (ITAS), simplified medication adherence question-
naire (SMAQ), Identification of Medication Adherence
Barriers Questionnaire (IMAB-Q) (https://www.uea.ac.
uk/pharmacy/research/imab-q/quest), Basel Assessment
of Adherence to Immunosuppressive Medication Scale
(BAASIS) questionnaire (available on request from the de-
velopers), or other validated self-report questionnaires

O Monitor the patient’s adherence to dialysis regimens

2. Nonadherence to an immunosuppressive regimen should be
assessed as the “fifth vital sign” at each clinical encounter post-
transplantation, based on evidence that it is a common and
independent risk factor for poor clinical outcomes. (Level 1)

3. Trough levels of relevant immunosuppressive drugs should
be regularly monitored (at least every 3 months when the
patient is stable) to assess for medication nonadherence; in
particular, unexplained high TPV and unexpected fluctua-
tions in immunosuppressant trough levels, despite a fixed
dose, should prompt a discussion with the patient about
the importance of drug adherence. (Level 1)

4. Maintain clinical awareness of direct risk indicators (eg,
drug concentrations, fluctuations (IPV) in drug levels, devel-
opment of de novo DSAs, prescription frequency, medica-
tion recall) and indirect risk factors (eg, patient’s mental
status, emotional/social status, adverse effects) of nonadher-
ence. (Level 3)

O Assess the patient’s social support network and emotional
and mental status (eg, using available questionnaires)

O Evaluate the prescription frequency of the proposed
immunosuppressive agent

O Use specific assays (eg, single-antibody bead assay) to mon-
itor the development of de novo DSAs (also refer to recom-
mendations in DSA section of this document)

= In the case of de novo DSAs, consider nonadherence
= If nonadherence is suspected, screen for de novo DSAs

5. Use different combined methods to objectively identify ad-
herence (eg, questionnaires, drug concentrations) during
the clinical visit. (Level 2)

O Discuss nonadherence with patients, and on indication, ask
patients to complete a questionnaire
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6. Simplified medication regimens, such as fixed-dose, once-
daily medications should be administered to improve adher-
ence. (Level 1)

7. In cases of adverse events, simplify/modify the immuno-
suppressive drug regimen as well as concomitant drugs.
(Level 1)

8. Discuss any suspicion of nonadherence openly and nonjudg-
mentally with the patient. (Level 5)

9. Together with the patient, identify his/her current barriers to
adherence and develop a personalized action plan with spe-
cific solutions, for example, pill boxes, (electronic) reminder
systems, education and psychological behavioral support.
(Level 5)

10. Together with the patient (and team), reassess the results of
the intervention(s) and adjust the strategy when indicated
(eg, residual nonadherence). (Level 5)

11. Patient-level interventions need to focus primarily on behav-
ioral change techniques, including training patients during
inpatient recovery on how to take medications, providing
adherence reminders during clinic visits, etc. Although im-
portant, patient education is only a small component of an
adherence intervention. Information must be given in a man-
ner appropriate for the patient. (Level 1)

Recommendations for Managing Nonadherence in
Liver Transplantation

1. Establish a “baseline” evaluation of medication adherence
at the time of listing for transplantation. (Level 3)

O Assess the patient's previous ability to adhere to therapeutic
regimens

= Tools include the Immunosuppressant Therapy Adherence
Scale (ITAS), simplified medication adherence question-
naire (SMAQ), Identification of Medication Adherence
Barriers Questionnaire (IMAB-Q) (https://www.uea.ac.uk/
pharmacy/research/imab-q/quest), Basel Assessment of Ad-
herence to Immunosuppressive Medication Scale (BAASIS)
questionnaire (available on request from the developers),
or other validated self-report questionnaires

2. Nonadherence to an immunosuppressive regimen should be
assessed as the “fifth vital sign” at each clinical encounter
posttransplantation, based on evidence that it is a common
and independent risk factor for poor clinical outcomes.
(Level 1)

3. Trough levels of relevant immunosuppressive drugs should
be regularly monitored (at least every 3 months when the
patient is stable) to assess for medication nonadherence; in
particular, unexplained high IPV and unexpected fluctua-
tions in immunosuppressant trough levels, despite a fixed
dose, should prompt a discussion with the patient about
the importance of drug adherence. (Level 1)

4. Maintain clinical awareness of direct risk indicators (eg,
drug concentrations, fluctuations (IPV) in drug levels, pre-
scription frequency, medication recall) and indirect risk fac-
tors (eg, patient’s mental status, emotional/social status,
adverse effects) of nonadherence. (Level 3)

O Assess the patient’s social support network and emotional
and mental status (eg, using available questionnaires)

O Evaluate the prescription frequency of the proposed
immunosuppressive agent

5. Use different combined methods to objectively identify ad-
herence (eg, questionnaires, drug concentrations) during
the clinical visit. (Level 2)
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O Discuss nonadherence with patients, and on indication, ask
patients to complete a questionnaire

6. Simplified medication regimens, such as fixed-dose, once-
daily medications should be administered to improve adher-
ence. (Level 1)

7. In cases of adverse events, simplify/modify the immuno-
suppressive drug regimen as well as concomitant drugs.
(Level 1)

8. Discuss any suspicion of nonadherence openly and nonjudg-
mentally with the patient. (Level 5)

9. Together with the patient, identify his/her current barriers to
adherence and develop a personalized action plan with spe-
cific solutions, for example, pill boxes, (electronic) reminder
systems, education and psychological behavioral support.
(Level 5)

10. Together with the patient (and team), reassess the results of
the intervention(s) and adjust the strategy when indicated
(eg, residual nonadherence). (Level 3)

11. Patient-level interventions need to focus primarily on behav-
ioral change techniques, including training patients during
inpatient recovery on how to take medications, providing
adherence reminders during clinic visits, etc. Although im-
portant, patient education is only a small component of an
adherence intervention. Information must be given in a man-
ner appropriate for the patient. (Level 1)

IMPACT OF VARIABILITY OF IMMUNOSUPPRESSIVE
REGIMEN IN LIVER AND KIDNEY TRANSPLANTATION

Problem to be Addressed

In solid organ transplantation, constant and controlled ex-
posure to immunosuppression provides protection against
the development of cellular and antibody-mediated rejection
(AMR) and graft loss, while minimizing drug-related toxic-
ity. Nowadays, the cornerstones of immunosuppression pro-
tocols, both in kidney and liver transplantation, are CNIs,
particularly tacrolimus, which is superior to cyclosporine in
the prevention of T cell-mediated rejection (TCMR) and
graft loss. Oral bioavailability of tacrolimus is poor (25%
mean), and is highly variable among individuals (range,
5-90%).'°1"193 Tacrolimus is able to be absorbed throughout
the gastrointestinal tract.'% The immediate-release formula-
tion is mainly absorbed in the small bowel. There is extensive
presystemic metabolism by the CYP3A enzymes in the gut
wall and first-pass metabolism in liver, which limits its oral
bioavailability.'® Expressers of the CYP3AS enzyme (as is more
often the case in black and Asian patients) do require higher dos-
ages to reach therapeutic tacrolimus exposure.'%1%” The re-
cently developed prolonged-release formulation in tablet
form (also known as LCP-tacrolimus) is released and ab-
sorbed more distally in the gut.!%>1% This newer formula-
tion of prolonged-release tacrolimus in tablets has shown
some differences in terms of pharmacokinetics but long-
term clinical outcome data is yet to be established.'®® After
absorption, tacrolimus diffuses extensively in blood cells
and tissues. In the plasma, 90% of tacrolimus is bound to
proteins.'?® After being metabolized by the liver, the inactive
metabolites are bile-excreted. Thus, the intrinsic pharmaco-
kinetic and pharmacodynamic properties of tacrolimus,
including erratic absorption, a variable first-pass effect,
and unpredictable metabolism, may be responsible for its
large intrapatient and inter-subject exposure variability.'*®
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Moreover, tacrolimus has a narrow therapeutic margin and
even slight exposure variability can translate into clinically
harmful events.

Clinically significant variability within individual patients
can be defined as an alternation between episodes of overex-
posure and underexposure to immunosuppression within a
timeframe in which the dosage itself remains constant.'®?
Figure 7 illustrates low IPV and high IPV with similar mean
trough concentrations of CNIs.

In practice, IPVof tacrolimus is usually assessed by the co-
efficient of variance or by standard deviations of trough
concentrations. Persistent significant variability may be re-
sponsible for alloimmune activation during low exposure
and toxicity or low immunity during overexposure. This con-
flicting situation is often seen early after transplantation and
leads to inferior outcomes.'®

During pregnancy, the pharmacokinetics properties of
CNIs may vary from the nonpregnant state, so drug levels
should be closely monitored during pregnancy, with dose ad-
justment when necessary.*® Similar considerations may apply
during intercurrent illness.' %1%

In renal transplantation, IPV in immunosuppressive drug
exposure is now recognized as a predictor of poor clinical
outcome. In a study of 297 patients, IPV of tacrolimus was
correlated with a composite endpoint comprising graft loss,
biopsy-proven chronic allograft nephropathy and doubling
of plasma creatinine concentration.*® Of 34 patients who
reached the composite endpoint, 24 had increased IPV
(70.6%).>% A larger study (n = 356) confirmed the impact
of IPV on long-term outcome."'® In the largest series to date,
a follow-up of a study performed by Borra et al,*® the impact
of IPV was studied in 808 renal transplant recipients
transplanted between 2000 and 2010.""" Almost a quarter
of the patients (23.3%; n = 188) reached the composite end-
point consisting of graft loss, late biopsy-proven rejection,
transplant glomerulopathy, or doubling of serum creatinine
concentration between month 12 and the last follow-up.
The cumulative incidence of the composite endpoint was
significantly higher in patients with high IPV than in pa-
tients with low IPV (hazard ratio, 1.41; 95% CI, 1.06-1.89;
P = 0.019)."" In addition, increased IPV of tacrolimus has
been associated with the development of de novo DSAs, 2
and faster progression of interstitial fibrosis.""

In the context of liver transplantation, the clinical impact
of tacrolimus variability has seldom been studied. Patients
with biopsy-proven TCMR showed increased standard devi-
ations of tacrolimus trough concentrations according to 1

I

Low variability

Trough concentrations

Time
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report.”” In another study, the conversion from twice-daily
tacrolimus to prolonged-release tacrolimus capsules within
the first month after liver transplant resulted in reduced ex-
posure variability, which was accompanied by halved
TCMR rates.''* These studies were hampered by the absence
of multivariate analysis to control for possible confounders.
In addition, the actual hard endpoints in liver transplant,
namely graft loss and death, were not investigated. The most
important study reporting a relationship between tacrolimus
variability and increased likelihood of late rejection and graft
loss was performed in a pediatric population, and it consid-
ered heart, lung, kidney, and liver transplantations together,
making it difficult to draw firm conclusions."?

It may well be that liver transplant recipients are more tol-
erant of tacrolimus variability as compared with renal trans-
plant patients, as they are to TCMR episodes.''® Further
studies with larger sample sizes and longer surveillance pe-
riods are needed to determine to what extent variability in-
creases the risk of graft loss and/or death. In the meantime,
large fluctuations in tacrolimus levels, with high levels of ex-
posure early after liver transplant, should be avoided because
they increase mortality due to overimmunosuppression-
related events, such as infections, cardiovascular events
(CVEs), and malignancies.''”

Slightly Modifiable Contributors to
Tacrolimus Variability

Determinants of tacrolimus variability are shown in
Table 4. They are classified according to their detectability
and the ease with which they can be modified by clinicians
and/or patients. Nonmodifiable factors will not be discussed
here because they are hard to detect and/or impossible to
control in daily practice. Slightly modifiable determinants
of variability are easily detected in clinical practice and can-
not be modified per se, but benefit from more frequent as-
sessment of tacrolimus trough concentrations and dose
adjustments. Nonadherence is the paradigm within this cate-
gory (see dedicated section). Gastrointestinal events such as
diarrhea and vomiting may impact on tacrolimus concentra-
tions, and may motivate intensive monitoring until gut func-
tion is restored.''®11?

The impact of graft dysfunction on tacrolimus IPV varies
depending on the transplanted organ. In kidney transplan-
tation, the impact is likely to be limited given the intrinsic
pharmacokinetics of tacrolimus (ie, liver metabolism and
bile excretion), although supporting literature is lacking. In
patients needing hemodialysis, it is reasonable to give the

High variability
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FIGURE 7. Concept figure depicting tacrolimus exposure variability. On the left, patient A keeps all tacrolimus trough concentrations within a
narrow range and no significant variability is observed. On the right, patient B shows a wide fluctuation of trough concentrations, alternating
periods of overimmunosuppression and underimmunosuppression, thus indicating significant exposure variability.
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next dose immediately after the dialysis session, although no
robust studies are available to support this reccommendation.
In liver transplantation, graft dysfunction and/or biliary com-
plications may interfere with metabolism and elimination of
tacrolimus. With mildly impaired liver function, the effect
on tacrolimus pharmacokinetics is negligible.'** However, as
liver function deteriorates, tacrolimus trough concentrations
are expected to rise in an unpredictable and individual man-
ner. Again, close monitoring of tacrolimus levels is required,
and a dosage reduction may be anticipated.

Hypoalbuminemia and anemia may alter the distribution
of tacrolimus by increasing its circulating free fraction, lead-
ing to significant variability and increased exposure.'*':!%?
Therefore, special attention is warranted in patients with
malnourishment and iron deficiency, which are frequent con-
ditions among the transplant population.'??

Highly Modifiable Contributors to Variability

Diet content and interactions with other drugs (or some
herbal products) may be the focus of patient education.'*'2¢
Tacrolimus should be taken in a fasting state to increase bio-
availability.'"*” Foods that interfere with hepatic CYP3A
and/or intestinal CYP3A4 enzymes, such as grapefruit, 2512
pomelo,"®° star fruit,"*" turmeric, and ginger,"** should be
avoided because they can increase tacrolimus exposure.
Drugs that interfere with CYP metabolism are able to modify
tacrolimus exposure when used simultaneously, and some-
times have a clinically significant impact."** The calcium
channel blocker diltiazem has been used as a tacrolimus-
sparing agent due to its effect as an inhibitor of tacrolimus me-
tabolism."**'3* Evidence in kidney transplant patients suggests
that CYP3AS expressers are more susceptible to diltiazem-
induced tacrolimus metabolism than nonexpressers.'>> The
drugs that are most frequently responsible for interactions with
tacrolimus in the liver transplant population are other immu-
nosuppressants, antifungals, macrolide antimicrobials and
the protease inhibitors commonly used in chronic hepatitis C
virus (HCV) and human immunodeficiency virus (HIV).'*?

Neuberger et al S13

Regarding immunosuppressive drugs, anti-IL2 receptor agents
and corticosteroids are able to decrease and increase the tacro-
limus dose requirement, respectively, but the interaction
is usually mild and without clinical consequences.'**'*” No
significant interaction is expected when tacrolimus and my-
cophenolate are combined.'®® This is in contrast to the re-
duction in mycophenolic acid (MPA) exposure in patients on
co-treatment with cyclosporine. As a result of cyclosporine-
induced inhibition of enterohepatic recirculation, the MPA
area under the curve (MPA-AUC) is significantly lower in case
of cyclosporine as compared with tacrolimus co-treatment. '
The evidence regarding mTORi is contradictory."**!*! Azole an-
tifungals are potent inhibitors of CYP3A4 and P-glycoproteins,
and lead to increased serum concentrations of tacrolimus.
A significant reduction in the tacrolimus dosage should be
anticipated, with recommendations for dose reduction in
the ranges of 40% (fluconazole), itraconazole (50-60% reduc-
tion), 66% (voriconazole), and 75% (posaconazole).'**
Furthermore, we recommend reducing the dose at the time
of triazole treatment initiation, and not wait for the first ta-
crolimus concentration after starting a triazole regimen.
Other significant interactions may be experienced when
using other medications sharing CYP3A metabolism (eg,
HIV drugs).'#3144

A dedicated comment about hepatitis C antivirals is war-
ranted. With the introduction of new, more potent antivirals,
many transplant patients with HCV may receive therapy af-
ter transplantation. In general, it is mandatory to check for
potential interactions with immunosuppressive drugs in all
transplant patients before starting antiviral therapy. Sofosbuvir,
the cornerstone of most antiviral protocols, and its combina-
tions with ledipasvir or daclatasvir, is usually well tolerated
with tacrolimus.!**1¢ However, the first-generation prote-
ase inhibitors, telaprevir and boceprevir, and the combina-
tion ombitasvir/paritaprevir/ritonavir+/-dasabuvir, have a
major impact on tacrolimus metabolism, increasing tacroli-
mus trough concentrations exponentially; therefore, these
drugs should be avoided whenever possible.'*”1*® The

Determinants of IPV of tacrolimus%3120:121,123,124

Factors

Interventions

Nonmodifiable e Pharmacogenetics: polymorphisms in CYP3A genes
e Circadian rhythm of tacrolimus exposure
e Nonadherence

e Gastrointestinal events (diarrhea, vomiting)

Slightly modifiable

e Any clinical situation motivating liver graft dysfunction

e | ow serum proteins (hypoalbuminemia)
e Anemia

Highly modifiable e Food (dietary fat content, grapefruit juice, pomelo)

e Drug—drug interactions: antifungals, antivirals, other
immunosuppressants, and other drugs

e Herbal products

e Uncontrolled generic substitution

Not applicable

(@) More frequent assessment of tacrolimus trough concentrations and
refined dose adjustments

(b) Correction of the underlying factors whenever possible

(c) Additional precaution needed when the patient experiences
liver allograft rejection, infections, liver impairment,
vascular/biliary complications or recurrence of primary liver disease

(d) Specific measures to improve adherence (see dedicated section)

(@) Patient education

(b) Healthy diet. Avoid food contents and herbal products interfering with
hepatic CYP3A and/or intestinal CYP3A4 enzymes

(c) Anticipate and avoid drug interactions

(d) If significant variability occurs, consider switching to
prolonged-release tacrolimus capsules

Factors are classified according to their detectability and the ease with which they can be modified in routine clinical practice.

CYP3A, cytochrome P450 family 3 subfamily A.
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interaction with simeprevir is less strong and tacrolimus dos-
age modifications should be carried out according to trough
concentrations.'*” Additional and updated information may
be found at www.hep-druginteractions.org.'*® HCV infec-
tion also affects tacrolimus and cyclosporine levels, so when
the HCV is cleared, the dose of tacrolimus needs to be re-
viewed and usually increased, to maintain trough levels."*°

Another potential source of tacrolimus variability is con-
version to generic formulations; however, the evidence is
scarce and of low quality."** Bioequivalence between generic
tacrolimus and its innovator has been demonstrated in
healthy volunteers and kidney transplant recipients. In the
subgroup of kidney transplant patients older than 60 years
caution is needed as 1 randomized study showed bioequiva-
lence standards were not met by generic tacrolimus.'** The
evidence for the use of generics in liver transplant population
comes from short and uncontrolled clinical experiences.'?
There appears to be insufficient evidence to provide reas-
surance that, in transplanted patients, generics are thera-
peutically equivalent to innovator immunosuppressants.
As outlined in the European Society for Organ Transplanta-
tion (ESOT) recommendations, there are many cases where
prescribing generics is fully appropriate, for example, in
cost-conservative markets.">* Indeed, there are no data to
firmly suggest that generics are not equivalent and therefore
unsafe. However, for narrow therapeutic index drugs, con-
cerns exist regarding the safety of generic substitution given
the clinical consequences linked to both overexposure and
underexposure. Conversion from branded tacrolimus to a
generic formulation should only be undertaken by a trans-
plant specialist and with close monitoring of trough levels.
Uncontrolled switching, particularly between generic formu-
lations, should be avoided.'> %%

The conversion from twice-daily to prolonged-release ta-
crolimus (capsules), both in kidney and liver transplant recip-
ients, leads to lower blood trough concentrations and a
reduced IPV of tacrolimus.'***'%® In a single study performed
in liver transplant recipients, the early conversion to
prolonged-release tacrolimus capsules was accompanied by
a significant reduction of TCMR rates.''* It remains unclear,
however, whether a reduction in IPV motivated by conversion
to prolonged-release tacrolimus capsules would also lead to
improved clinical outcomes; prospective trials are needed."”

Finally, in some liver transplant patients experiencing
TCMR or chronic rejection, the transplant physician in-
creases tacrolimus dosage abruptly. This strategy has little
therapeutic impact if the baseline trough concentrations are
within the recommended therapeutic range, but it may lead
to large “intended variability,” particularly when liver func-
tion is impaired.’*® If tacrolimus levels are elevated and
graft dysfunction progresses, the risk of high levels of expo-
sure becomes too great, thus increasin% mortality due to
overimmunosuppression-related events.!'” As a general rec-
ommendation, tacrolimus dosage modifications should be
carried out progressively and with special caution in patients
with liver dysfunction.

Recommendations for Managing IPV in
Kidney Transplantation

1. Regular assessment of the serum trough concentrations of the
immunosuppressive medication is mandatory (every 3 months
or when there is an unexplained change in graft function),
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even in patients who are stable in the long term and are taking
a constant dosage. (Level 1)

2. Potential problems with drug adherence should be
discussed with patients in whom tacrolimus trough con-
centrations fluctuate more than expected, despite a stable
dose. (Level 2)

3. Drug—drug interactions should be anticipated and/or avoided.
(Level 4)

4. In patients with documented variability receiving tacrolimus
twice daily, conversion to once-daily prolonged-release tacro-
limus capsules may be helpful. (Level 4)

5. Substitution to generic tacrolimus formulations, if consid-
ered, should be attempted only in stable patients and under
close monitoring of trough concentrations. Generic substitu-
tion should only be carried out if subsequent substitutions
from one generic to another generic will not be attempted.
(Level 5)

6. Low tacrolimus trough levels will increase the risk of TCMR,
even in the presence of CNI-associated renal impairment.
Therefore, low levels of tacrolimus/underexposure should
be avoided. (Level 5)

Recommendations for Managing IPV in
Liver Transplantation

1. Frequent assessment of CNI serum trough concentrations is
mandatory (every 3 months or when there is an unexplained
change in graft function), even in patients who are stable in
the long term and on a constant dosage. (Level 1)

2. CNI trough levels should be assessed once every 2 or
3 days within the first 15 days after liver transplant, weekly
from week 2 to week 4, monthly until the sixth month after
liver transplant, and every 3 months thereafter. In long-
term stable patients, longer intervals may be acceptable.
(Level 5)

3. Avoiding significant variability, particularly large fluctuations
in tacrolimus trough concentration early after liver trans-
plant, is strongly recommended, as these are associated with
inferior outcomes. (Level 2)

4. Significant variability can be avoided if patients comply with
their pharmacist’s recommendations: this can be optimized
by patient education, healthy diet, and avoidance of use of
drugs and other medicines that affect tacrolimus metabolism.
(Level 4)

5. The occurrence of determinants of variability, such as liver
graft dysfunction, gastrointestinal events, renal impairment
and anemia/hypoalbuminemia should lead to more (eg, at
least weekly) intensive monitoring of tacrolimus trough con-
centrations and dose adjustment if required. Regular surveil-
lance should be resumed as soon as the risk factor for
variability has been corrected. (Level 4)

6. Drug—drug interactions should be anticipated and/or avoided.
Any treatment modification should motivate checking for po-
tential interactions and more frequent assessment of trough
levels. (Level 4)

7. In patients receiving tacrolimus twice daily with documented
significant variability, conversion to once-daily prolonged-
release tacrolimus capsules might be helpful, particularly
early after liver transplant. (Level 2)

8. Substitution to generic tacrolimus formulations should only
be undertaken by a transplant specialist and with close mon-
itoring of trough levels. Uncontrolled switching, particularly
between generic formulations, should be avoided. (Level 5)

9. In patients with histologically confirmed TCMR and baseline
trough concentrations of tacrolimus within the recommended
range, an abrupt increase of tacrolimus dosage should be
avoided. (Level 5)
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UNDERIMMUNOSUPPRESSION AFTER KIDNEY
AND LIVER TRANSPLANTATION

Problem to be Addressed

One of the clinical challenges in managing transplant re-
cipients is to identify and manage those patients who may re-
quire less immunosuppression.’®® Strategies for optimal
immunosuppression will vary and transplant units will de-
velop their own regimens, usually based on a CNI—usually
tacrolimus, often with an antimetabolite (such as azathio-
prine) or mycophenolate. Tolerance levels vary not only be-
tween patients, but also over time.'*” Some liver transplant
recipients may not require high levels of immunosuppression,
or indeed any immunosuppression in the long term."''® How-
ever, complete withdrawal of immunosuppression is nor-
mally reserved for clinical trials under intense surveillance.'*”

The clinician needs to strike a balance between over-
immunosuppression, which unnecessarily increases the prob-
ability of developing complications of immunosuppression
such as metabolic, cardiovascular, neoplastic and nephro-
toxic complications, and underimmunosuppression, which
is linked to reduced graft survival and poor patient outcomes
for both kidney and liver transplant recipients.'®°

The aim of immunosuppression minimization is to develop
an immunosuppression protocol for the individual recipient,
which provides maximum protection for both patient and
graft from immune-mediated damage with the minimum
immunosuppressive burden. Although the term “immuno-
suppressive burden” is a useful concept, it cannot readily
be measured.

Ten years ago, nephrotoxicity was considered to be a ma-
jor risk factor for kidney graft loss.'®® CNI-minimization
strategies for tacrolimus and cyclosporine were proposed
in an attempt to prevent kidney damage and improve pa-
tient outcomes.'®" This approach has been challenged,®
and it is now believed that the histological lesions classic-
ally attributed to CNI nephrotoxicity are nonspecific and
some of the allograft damage is a consequence of allo-
immunity.'®>'®3 Thus, it is often difficult to establish
whether renal allograft damage is a consequence of CNI tox-
icity, requiring reduction in CNI dose, or alloimmunity, re-
quiring increased immunosuppression.'®?

In contrast to kidney transplantation, alloimmunity asso-
ciated with low CNI levels after liver transplantation does
not contribute to damage of the native kidney.'®*'** CNI
minimization could, therefore, preserve kidney function in
this instance,'® and reduce other consequences of long-
term immunosuppression. Furthermore, the characteristic
operational tolerance of the liver represents the reduced inci-
dence of rejection episodes and a normal liver function/
histology despite minimal immunosuppression. In fact, the
liver is more forgiving to temporary underimmunosup-
pression after liver transplantation compared with other
solid organs, including the kidney, heart and lung.'®® This
immune unresponsiveness has led to some liver transplant re-
cipients being managed on minimal immunosuppressive reg-
imens with CNIs.''® Although tolerance can evolve after
organ transplantation, in most patients, underexposure of
immunosuppression is linked to reduced graft survival and
poor patient outcomes in both kidney and liver transplanta-
tion,17"1” so clinicians must be aware of the factors that
can lead to suboptimal immunosuppression.
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Patient nonadherence and variability of drug exposure to
immunosuppressive regimens have been discussed elsewhere
within this report; this section focuses on the importance of
physicians managing the risk of underimmunosuppression
in their kidney and liver transplant patients. Because CNI-
based immunosuppression is the most commonly used regi-
men for management of both liver and kidney transplant
recipients, we have focused on CNI minimization in reducing
the immunosuppressive burden. Nevertheless, for some pa-
tients, alternative strategies such as moving to regimens based
on mTORI, corticosteroids with mycophenolate or azathio-
prine, and regimens based on belatacept (for renal recipients),
may be more appropriate. Some authors have advocated the
use of protocol biopsies to help manage immunosuppression.
Absence of evidence of immunological activity may allow for
reduction of the immunosuppressive load; conversely, im-
mune activity, even in the absence of serological abnormali-
ties suggesting graft dysfunction may indicate the need for
increased immunosuppression.'®® However, protocol biop-
sies are used relatively infrequently largely because of con-
cerns of safety, cost, and patient acceptance.

The Basis for CNI-Sparing Regimens

Over the last 10 years, there has been a strong move in the
renal transplant community to minimize CNI-based immu-
nosuppressive regimens, largely based on reports of long-
term nephrotoxicity.'®! For liver transplantation, historically,
it was considered that there might be advantages to having
a lower immunosuppressive burden. However, these views
were based on evidence from small patients series, animal
experiments and the immunological role of the liver in
supporting operational tolerance, rather than on data from
RCTs in liver transplantation.’”® In 1996, Calne proposed
the window of opportunity for immunological engagement
(WOFIE) hypothesis that some degree of immunological en-
gagement promotes tolerance.'”*

In 2003, Ojo et al'”? reported results of a S-year study of
69 321 nonrenal transplant patients showing that the cumu-
lative incidence of chronic renal failure was 6.9 t0 21.3% (de-
pending on the organ transplanted). In this study, the risk of
chronic renal failure associated with the use of a CNI in-
creased with a cyclosporine regimen compared with tacroli-
mus therapy (overall relative risk 1.24 [1.17-1.30]). In the
same year, Nankivell and colleagues'” reported a 10-year
follow-up study of yearly biopsies in 120 simultaneous kid-
ney and pancreas recipients receiving cyclosporine-based im-
munosuppression and attributed the progressive high-grade
arteriolar hyalinosis with luminal narrowing, increasing
glomerulosclerosis, and additional tubulointerstitial damage
to CNI exposure. Despite the assumed CNI nephrotoxicity
in this study, 10-year death-censored graft survival was
95.2%, with excellent 10-year renal function (mean serum cre-
atinine, 0.14 + 0.04 mmol/L [1.62 + 0.48 mg/dL]).'” These,
and other observations, led to the principles that whereas
CNIs reduced acute rejection episodes in the immediate
posttransplant period, in the long term, CNIs were nephro-
toxic, causing fibrotic kidney lesions and leading to poor
long-term graft survival.'?

The introduction of mTORI, such as sirolimus, that com-
bine both immunosuppressive and antiproliferative actions
with potentially non-nephrotoxic properties,'”* coincided
with the move toward CNI minimization strategies in kidney
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Surgery (Day 0)
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Treatment period 24 weeks (Day 0-Day 168)

>
@

Prolonged-release tacrolimus
(initial dose 0.2 mg/kg/day) + MMF*

4

Primary
orthotopic or
split liver
transplant

Prolonged-release tacrolimus (initial dose
0.15-0.175 mg/kg/day) + MMF + basiliximab*

Prolonged-release tacrolimus (initial dose
0.2 mg/kg/day delayed until Day 5) + MMF + basiliximab*

Randomization 1:1:1
(stratified by HCV status of the patient)

FIGURE 8. DIAMOND study design. *0 to 1000 mg IV bolus corticosteroid (preoperatively, intraoperatively, or postoperatively) on day 0. Arm 2
only: if the patient had not received treatment for an acute rejection episode and the last recorded trough level recorded was =5 ng/mL at day
43, then the dose was reduced by 20% to 25%. IV, intravenous. Reprinted with permission from Trunecka P, Klempnauer J, Bechstein WO,
et al. Renal function in de novo liver transplant recipients receiving different prolonged-release tacrolimus regimens—the DIAMOND study.

Am J Transplant. 2015;15:1843-1854."78

transplantation and in liver transplantation. As a result, CNI
avoidance or conversion to mTORI regimens have been in-
vestigated in a number of large, prospective, multicenter, ran-
domized clinical trials in kidney transplantation, with less
study data available for liver transplantation.

Evidence for CNI-Minimization Strategies

In kidney transplantation, studies have failed to show
long-term benefits for transplant recipients on CNI-free regi-
mens.'”® These findings are corroborated by the Efficacy
Limiting Toxicity Elimination (ELITE)-Symphony study, a
large, 1-year, multicenter, randomized, controlled study in
1645 kidney transplant recipients.'”® Patients were treated
with standard-dose cyclosporine, mycophenolate mofetil
(MMF) and corticosteroids (prednisone or equivalent) versus
daclizumab induction, MMF, and corticosteroids in combina-
tion with low-dose tacrolimus, low-dose cyclosporine, or low-
dose sirolimus.'”® The most favorable outcome for controlling
acute rejection and providing good renal function was ob-
tained in the low-dose tacrolimus arm, with the worst out-
comes in the CNI-free arm.'”® At the 3-year follow-up, these
differences had reduced over time and were often not signifi-
cant.'”” An overview is provided in Table 5. Additionally, a
large meta-analysis of 56 randomized clinical trials in 11337
renal transplant recipients provides an overview of 3 different
early CNI-sparing strategies'®' (Table 5).

Similar to kidney transplantation, CNI minimization strat-
egies using low-dose tacrolimus in liver transplantation have
shown favorable outcomes. Results from a 24-week study of
857 liver transplant recipients (Figure 8) indicated that
lower-dose prolonged-release tacrolimus capsules (0.15-
0.175 mg/kg per day subsequently reduced by 20-25%, target
trough level, 4-12 ng/mL)*, administered with MMF and
basiliximab immediately posttransplant, was associated with
a significant renal function benefit and a significantly lower
incidence of biopsy-confirmed acute rejection, compared with
a higher-dose (5-15 ng/mL until day 42 then 5-12 ng/mL)
prolonged-release tacrolimus-based regimen.'”®

The Impact of Underimmunosuppression

In kidney transplantation, excessive minimization of im-
munosuppression can lead to the development of DSAs and

possible TCMR, with a negative impact on kidney graft sur-
vival.'”? Using Luminex assays, Liefeldt et al'”® prospectively
assessed the presence of DSAs in 126 patients who had either
received cyclosporine-based immunosuppression or had been
randomized to everolimus and MMF conversion at 3 to
4.5 months, with progressive withdrawal of steroids in
60% of patients. DSAs developed in 10.8% of patients on cy-
closporine and 23.0% of patients on everolimus; significantly
more patients developed TCMR with everolimus (n = 8) ver-
sus cyclosporine (n = 2; P = 0.036).'” The appearance of
DSAs could be considered a biomarker of underimmuno-
suppression after kidney transplantation, although these an-
tibodies may become detectable only after the initiation of
organ damage.'”*'8¢

There is increasing evidence that the formation of de novo
DSAs in liver transplantation is an independent risk factor for
graft loss.>>'®! Underimmunosuppression immediately after
liver transplantation carries a higher risk of rejection.’*® Ta-
crolimus trough concentrations less than 7 ng/mL in the first
week after liver transplantation is associated with higher
rates of moderate/severe rejection compared with levels
greater than 7 ng/mL.""” In the first year after liver transplant,
underimmunosuppression (tacrolimus levels <3 ng/mL? or cy-
closporine levels <75 ng/mlL) is associated with an increase in
de novo DSA formation.*” However, in liver allografts (and
in contrast to kidney transplants), early acute cellular rejection
does not appear to be associated with worse graft outcomes.

Optimizing Immunosuppression Levels

The Collaborative Transplant Study (CTS) report in 2014
found that kidney transplant recipients are at a significantly
higher risk of graft failure due to alloimmunity if maintained
on tacrolimus trough levels less than 5 ng/mL at year 1
posttransplant compared with patients maintained at

4As per the Advagraf (tacrolimus prolonged-release hard capsules) license recom-
mendations, it is necessary to consider the clinical condition of the patient when in-
terpreting whole blood levels. In clinical practice, whole blood trough levels have
generally been in the range of 5-20 ng/mL in liver transplant recipients and 10-20
ng/mL in kidney transplant patients in the early posttransplant period. During subse-
quent maintenance therapy, blood concentrations have generally been in the range
of 5-15 ng/mL in liver and kidney transplant recipients.
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Results of studies investigating CNI-free/minimization regimens'®'176-178

Study type No. of participants Intervention

Results

ELITE-Symphony study (arge, 1-year, 1645 renal transplant ~ Patients were treated with either:
multicenter, randomized, controlled  recipients — MMF and corticosteroids (prednisone or
study). The study was then equivalent), standard-dose cyclosporine
extended to 3 years Or
— MMF, corticosteroids (prednisone or
equivalent), and daclizumab induction,
with low-dose cyclosporine, low-dose
tacrolimus, or low-dose sirolimus
11 337 renal transplant — Patients were treated with three
recipients different early CNI-sparing strategies:
CNI avoidance, CNI minimization and the
delayed introduction of CNIs

Large meta-analysis of
56 randomized clinical trials

DIAMOND study (multicenter,
24-week, randomized study)

Patients were treated with:

— Prolonged-release tacrolimus (initial dose
0.2 mg/kg/day) + MMF
Or

— Prolonged-release tacrolimus
(0.15-0.175 mg/kg/day) + basilximab -+ MMF
Or
Prolonged-release tacrolimus (0.2 mg/kg/day
delayed until Day 5) + basiliximab + MMF

857 liver transplant
recipients

— The most favorable outcome for controlling
acute rejection and providing good renal function
was obtained in the low-dose tacrolimus arm,
with the worst outcomes in the CNI-free arm®

— At the 3-year follow-up, these differences had
reduced over time and were often not significant,
but many patients were switched from sirolimus
and cyclosporine to tacrolimus

— The use of mTORi, in combination with MMF
and no CNIs, increased the odds of graft failure
(OR, 1.43; 95% Cl, 1.08-1.90; P =0.01)

— CNI-sparing strategies were associated with
fewer cases of DGF (OR, 0.89; 95% Cl,
0.80-0.98; P = 0.02), improved graft function,
and fewer cases of new-onset diabetes

Lower-dose prolonged-release tacrolimus capsules
(intially 5-15 ng/mL_, then 4-12 ng/m_ after 3 months)®,
administered with MMF and basiliximab immediately
posttransplant, was associated with a significant renal
function benefit and a significantly lower incidence
of BCAR, compared with a higher-dose (5-15 ng/mL
until day 42 then 5-12 ng/mL) prolonged-release
tacrolimus-based regimen

@ The actual levels in the low-dose arm were at the top of the target range (approximately 7 ng/mL, rather than 3-7 ng/mL).

® As per the Advagraf (tacrolimus prolonged-release hard capsules) license recommendations, it is necessary to consider the clinical condition of the patient when interpreting whole blood levels. In clinical practice,
whole blood trough levels have generally been in the range of 5-20 ng/mL in liver transplant recipients and 10-20 ng/mL in kidney transplant patients in the early posttransplant period. During subsequent main-

tenance therapy, blood concentrations have generally been in the range of 5-15 ng/mL in liver and kidney transplant recipients.

BCAR, biopsy-confirmed acute rejection; ELITE, Efficacy Limiting Toxicity Elimination.

trough levels greater than 5 ng/mL (categories, 5-6.9 ng/mL,
7-9.9 ng/mL, >10 ng/mL; P < 0.001). Long-term data from
the CTS also showed that maintaining tacrolimus trough
levels at >5 ng/mL versus <5 ng/mLP had a beneficial effect
on renal function over 5 years of treatment.>® The Symphony
study confirmed that patients with a mean tacrolimus
trough level of 6.4 ng/mL at year 1 and 6.5 ng/mL at year
3 had better allograft survival compared with patients in
the standard-dose cyclosporine, or low-dose sirolimus
treatment groups.'’’

In liver transplantation, current clinical opinion suggests
optimal target trough levels are 6 to 10 ng/mL in the first
month posttransplant, decreasing to 4 to 8 ng/mL® (except
in combination with mTORI) after the first month. This con-
sensus is backed up by a systematic review and meta-analysis
of 64 studies (32 randomized controlled, 32 observational),
published in 2013, which found that tacrolimus trough con-
centrations of 6 to 10 ng/mL in the first month posttransplant
led to a twofold reduction in renal impairment, with no in-
crease in TCMR."*® A further study investigating tacrolimus

PAs per the Advagraf (tacrolimus prolonged-release hard capsules) license recom-
mendations, it is necessary to consider the clinical condition of the patient when in-
terpreting whole blood levels. In clinical practice, whole blood trough levels have
generally been in the range of 5-20 ng/mL in liver transplant recipients and 10-20
ng/mL in kidney transplant patients in the early posttransplant period. During subse-
quent maintenance therapy, blood concentrations have generally been in the range
of 5-15 ng/mL in liver and kidney transplant recipients

exposure within the first 15 days after liver transplantation
found that patients with trough levels greater than 7 ng/mL
experienced less moderate/severe rejection compared with
patients with trough levels less than 7 ng/mL over an approx-
imate 7-year follow-up."'” Although lower tacrolimus
trough levels are still sometimes used as a target within real-
world clinical practice,"*® this is in contrast to some clinical
guidelines, regulatory authority and pharmaceutical industry
recommendations which only support target tacrolimus
trough concentrations of greater than 10 ng/mL in the first
6 weeks after liver transplantation.''”

Factors suggesting an increased need for immunosuppres-
sion include original indication for transplant (autoimmune
liver diseases such as autoimmune hepatitis, primary scleros-
ing cholangitis (PSC), or 8primary biliary cholangitis) and
retransplant for rejection.'#>183

The level of immunosuppression required is usually
greater than for those grafted for hepatocellular carcinoma
(HCC), alcohol or hepatitis B virus (HBV)-related liver dis-
ease."* For those grafted for HCV, where there is ongoing vi-
ral replication, higher levels of immunosuppression are
related to increased viral replication, so the clinician must
balance the need to prevent rejection (as high-dose antirejec-
tion immunosuppression will greatly enhance viral replica-
tion and graft damage) and the need to maintain a low
burden of immunosuppression.'8*18* Other factors that are
associated with a greater need for immunosuppression in-
clude those with greater variation in drug levels. Optimal
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target trough levels for those liver allograft recipients on com-
bination therapy remain unclear.

Despite the lack of data on immunosuppression-
minimization strategies in liver transplantation, complete
immunosuppression withdrawal has shown to be feasible
in approximately 20% of carefully selected liver transplant
recipients.'*” These patients are generally older, with a lon-
ger time posttransplant,’®® not transplanted for autoim-
mune diseases and with no evidence of rejection at the
time of immunosuppression withdrawal.

In a retrospective study of 78 patients (mean age, 53 years),
with a median time from liver transplant to drug conversion
of 12 months, switching from a CNI-based immunosup-
pression regimen to a CNI-free mTORi regimen (everolimus
or sirolimus) improved renal function. The rejection rate
(5.1%) was similar compared to patients maintained on the
CNI-based regimens.'®® However, to fully elucidate long-
term outcomes of these strategies, large clinical trials on
CNI minimization and withdrawal are needed."**-'%”

In a prospective multicenter study, of 500 screened liver
transplant recipients, 102 were enrolled into a withdrawal
trial. Of these, 41 were found tolerant, 57 developed acute re-
jection 6.44 months after the start of drug minimization
(standard deviation, 4.37; range, 1.28-21.35). On liver bi-
opsy 1 year after weaning of immunosuppression, portal in-
flammation, interface hepatitis and lymphocytic cholangitis
were found more frequently. These changes, however, were
mild and could no longer be observed 3 years after drug dis-
continuation. Macrovesicular steatosis was also found with
further progression (up to 20%; P < 0.001) over time. De-
spite. many limitations, this very interesting study has
showed that weaning of immunosuppression could be feasi-
ble in a minority of carefully selected patients long term
after transplantation.'®*

Strategies for Prevention of Underimmunosuppression

In kidney transplantation, it is important to stratify pa-
tients according to their immunological risk.

Higher risk patients include those who'®%;

e Are sensitized from previous blood transfusions or
previous transplant

Had successive pregnancies

Present with HLA-DR mismatch

Panel reactive antibody (PRA) above 0%, and preformed DSAs
Younger age at time of transplant

Recipients of black ethnicity

A standard CNI protocol is generally advisable in these pa-
tients,'®® with target trough levels of tacrolimus between 5
and 10 ng/mL and concomitant use of azathioprine, myco-
phenolate or corticosteroids.

In liver transplantation, although it is easier to reverse the
effect of underimmunosuppression compared with the ad-
verse effects of overimmunosuppression, defining and adher-
ing to the appropriate target levels for immunosuppressive
regimens should remain a priority.

There is also a strong unmet need for pharmacodyna-
mic biomarkers that reflect the biological effect of the immu-
nosuppressive regimen to guide dosing in individual patients.
An immune function assay, investigated in a liver transplant
RCT, has shown additional benefits for optimizing immuno-
suppression and improving patient outcomes.'®’
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It is important to take into account that the “how low can
you go” immunosuppression considerations of the past
10 years,'®® have now shifted toward the need to maintain
immunosuppression at a certain minimum level.

Recommendations for Managing
Underimmunosuppression in Kidney Transplantation

1. Determine pretransplant risk factors and immunological risk
status for each patient before transplantation. (Level 1)

Pretransplant risk factors, including patients with

a “higher risk” immunological risk status'®®

e Sensitized from previous blood transfusion(s), previous
transplant, or pregnancies

HLA mismatch (particularly HLA-DR mismatch)

PRA >0% (HLA antibodies)

Preformed HLA-DSA

Younger age at time of transplant

Adolescents are at higher risk of nonadherence

Black recipient ethnicity

Previous graft loss as a result of immunological reasons

/

2. Take into account both the risks and the benefits to each
individual patient when determining their immunosup-
pressive regimen and optimal trough levels. Consider the
following: (Level 2 or Level 3)

O Aim for tacrolimus target trough levels of 5 to 10 ng/mL in
the first year after transplantation (Level 1)

3. Identify patients potentially at higher risk of underimmuno-
suppression, including young patients, adolescents and pa-
tients who have previously lost a graft due to immunological
causes. (Level 1)

O For higher risk patients, consider induction therapy (Level 1)

O The standard CNI protocol is generally advisable in higher
risk patients with trough target levels of tacrolimus between
5 and 10 ng/mL and concomitant use of azathioprine, my-
cophenolate or corticosteroids (Level 5)

O Monitor nonadherence and the development of adverse
events (for recommendations on nonadherence, please
see the relevant chapter)

4. Discourage minimization of immunosuppression unless there is
a convincing reason (eg, polyomavirus-associated nephropa-
thy), due to the increased risk of TCMR and AMR. Any mini-
mization strategies involving CNI reduction, avoidance or late
conversion should be carefully evaluated in each patient and
the risks and benefits weighed. (Level 1)

Recommendations for Managing
Underimmunosuppression in Liver Transplantation

1. Take into account both the risks and the benefits to each indi-
vidual patient when determining their immunosuppressive
regimen and optimal trough levels. Consider the following:
original liver disease, overall status (age, nutritional status, tu-
mor history, infection status, etc.) and transplant history
(other organ transplantation, causes of graft loss). (Level 3)
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2. After transplantation, avoid underimmunosuppression (tacro-
limus trough levels <6 ng/mL in the absence of induction
agents, other immunosuppressive agents or mTORI). (Level 1)

3. a) Aim for tacrolimus target trough levels of 6 to 10 ng/mL in the

first month after transplantation, reduced to 4 to 8 ng/mL°
in the maintenance phase after the first month (Level 1)
b) For combination therapy, lower tacrolimus trough levels
(4-12 ng/mL)¢ are acceptable with MMF, mTORi, and
basiliximab induction therapy (Level 2)
¢) For combination therapy where tolerability/toxicity is an is-
sue, lower tacrolimus trough levels are acceptable. (Level 4)

4. Maintenance steroids are generally unnecessary for the avoid-
ance of TCMR in liver transplantation. In most scenarios, ste-
roids can be safely withdrawn within the first 6 months after
liver transplant. (Level 1)

5. Withdrawal of immunosuppression after liver transplantation
should be confined to a research environment under strict clin-
ical and histopathological surveillance protocols. (Level 3)

ADVERSE EFFECTS RELATED TO
IMMUNOSUPPRESSION IN KIDNEY AND
LIVER TRANSPLANTATION

Problem to be Addressed

Kidney transplant recipients and the vast majority of liver
transplant recipients require lifelong immunosuppression
to maintain graft integrity. However, immunosuppressive
agents inhibit the immune system beyond the alloimmune
response, particularly when immunosuppression levels are
high. This results in adverse effects, including generic effects
(eg, increased risk of infections and certain cancers), class ef-
fects (eg, renal impairment with CNIs), and drug-specific
side effects.'”®'”! The clinical impact of toxicities associ-
ated with immunosuppression has led to the concept of min-
imization of immunosuppression and combination of drugs
in low concentration.'”* This is discussed further in the
underimmunosuppression section.

In the absence of early biomarkers of overimmuno-
suppression, HCPs are therefore faced with maintaining the
delicate balance of suppressing the immune response to pre-
vent graft rejection, and avoiding unnecessarily high levels
of immunosuppression.'”*'** Therapeutic drug monitoring
of trough levels is performed; however, trough levels only
provide an indirect measure of immunosuppression. Over-
immunosuppression is often late to be identified, generally
after the diagnosis of related adverse effects.'”* Although
the reduction of immunosuppression is common practice in
patients with infection or neoplasm, there are no clear guide-
lines on how modification of the immunosuppressive regimen
should be managed for the different types of adverse events.
Risk stratification, preventative measures and early detection
of adverse events in liver and kidney transplant recipients are
therefore paramount for graft and patient survival.

Immunosuppression can lead to poorer patient and graft
survival by increasing the risk of fungal, bacterial, or viral
infections (eg, Epstein—Barr virus [EBV], cytomegalovirus
[CMV], polyomavirus, human herpes virus), development

°As per the Advagraf (tacrolimus prolonged-release hard capsules) license recom-
mendations, it is necessary to consider the clinical condition of the patient when in-
terpreting whole blood levels. In clinical practice, whole blood trough levels have
generally been in the range of 5-20 ng/mL in liver transplant recipients and 10-20
ng/mL in kidney transplant patients in the early posttransplant period. During subse-
quent maintenance therapy, blood concentrations have generally been in the range
of 5-15 ng/mL in liver and kidney transplant recipients.
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of certain malignancies, renal insufficiency, cardiovascular
risk and metabolic complication.'”*"'** Infections occur more
commonly during the first year of transplant, when immuno-
suppression levels are highest (Figure 9).'%%1%°

On the other hand, malignancies (other than post-
transplant lymphoproliferative disease [PTLD]) tend to occur
after the first year of transplantation, presumably due to cu-
mulative immunosuppression.'”® The 2010 study by Collett
et al'®® compared the incidence of malignancy in solid organ
transplant recipients with the general population in the
United Kingdom, using standardized incidence ratios matched
for age, sex, and time period. The study showed the 10-year
incidence of de novo cancer in transplant recipients is twice
that of the general population, with the incidence of non-
melanoma skin cancer being 13 times greater.'?® Risk factors
for malignancies vary for different tumor types, with the de-
velopment of some cancers being linked to viral infections.'”?
In liver transplant recipients, de novo neoplasms are one of
the most common causes of late mortality.'®”

Certain biomarkers associated with risk of infection, such
as low levels of IgG,'”® complement C3 fraction,'”” mannose-
binding lectin levels,**® or low CD4- and CD8-positive T-cell
counts,”’! may eventually provide a role in helpin$ to predict
infection in liver and kidney transplant recipients.”®*%* Two
assays have been developed in this field. The Cylex
ImmuKnow Cell Function Assay measures T-cell function
by the release of adenosine triphosphate from CD4-positive
lymphocytes in culture after a mitogenic stimulus.”®> The
T-cell IFN-y enzyme-linked immunospot (ELISPOT) assay
quantifies memory T-cells in peripheral blood that respond
to donor HLAs or CMV antigens.?** The clinical utility of
both these biomarker assays in clinical practice is yet to
be determined.

Kidney Transplantation

Overimmunosuppression and Infection

Increased risk and severity of infection are explained by
many factors, including the recipient’s condition, such as sur-
gical complications, or the use of indwelling catheters; the
possibility of transmission of infection from donor to recipi-
ent; overimmunosuppression; active smoking; and obesity,
etc.”® Viral infections, which occur more frequently during
the first few months after transplantation, are most likely in
the context of greater immunosuppression,'”s-204-206-208
Furthermore, recipient age is often a significant risk factor
for bacterial infections, but not viral/fungal infections.**’
Type of immunosuppressive agent such as use of induction
therapy with antithymocyte globulin is also associated with
viral infections.

Common viral infections in kidney transplantation

Cytomegalovirus

Polyomavirus

Epstein—Barr virus

Human herpes virus (HHV-6, HHV-8)

Varicella-zoster virus /

Polyomavirus-associated nephropathy (PVAN) is probably
the most specific infectious complication after kidney trans-
plantation, indicating clinical overimmunosuppression,***'°
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Time of transplantation <4 weeks
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1-12 months =12 months

Infections of complex surgical patients
+ Line infection

* Wound infection

= Aspiration

+ Anastamotic leaks

+ Graft ischemia

» Clostridium difficile colitis

Antimicrobial-resistant species

+ Methicillin-resistant Staphylococcus aureus (MRSA)

« Extended-spectrum R-lactamase (ESRL)
Gram-negative bacilli

+ Vancomycin-resistant Enterococcus (VRE)

= Candida species (non-albicans)

Donor-derived

= Cytomegalovirus

» Epstein—Barr virus
* BK polyomavirus

+ Primary biliary cholangitis
+ Hepatitis B/hepatitis C

Recipient-derived (latent or colonized)

Opportunistic infections

= Pneumocystis jirovecii*

« Cytomegalovirus*

» Epstein—Barr virus*

» Other herpes viruses*

« Nocardia species”®

« Listeria monocytogenes®

+ Hepatitis B virus*

« Hepatitis C virus

« Toxoplasma gondii*

«» Strongyloides stercoralis*®

« Leishmania species

» Trypanosoma cruzi*

« Mycobacterium tuberculosis

+ Community-acquired
respiratory viruses

» BK polyomavirus

« Clostridium difficile

= Cryptococcus neoformans

Anastamotic complications

* Aspergillus (PTLD)
= Pseudomonas . - ;
. Strongyloides Many mfectlons prevgnted by
- Trypanosoma cruzi appropriate prophylaxis
. = AN J

Community-acquired
pneumonia

Urinary tract infections

Late opportunistic infections
» Molds and Cryptococcus

* Nocardia species

* Rhodococcus species

Late viral infections

* CMV (colitis/retinitis)

+ Hepatitis (HBV, HCV)

» HSV encephalitis

» JC polyomavirus leading
to progressive multifocal
leukoencephalopathy (PML)

» Skin cancer

« Posttransplant
lymphoproliferative disorder

Sources of infection

.“

Nosocomial, technical,
donor/recipient

Donor- or
recipient-derived

h ¥ 8 Y

\

Activation of latent infections,
relapsed, residual,
opportunistic infections

Community-acquired
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FIGURE 9. Infections in solid organ transplant recipients. The timeline of infections after organ transplantation. The risk for infection after organ
transplantation follows a standard pattern with routine immunosuppression and infectious exposures. The potential pathogens for which the
risk is modified by prophylaxis, including vaccinations and antimicrobial agents, are indicated (*). Individual risk is modified by events such as
surgery, treatment of graft rejection, or malignancy. Note that graft rejection and drug reactions may be among noninfectious causes of fever
in transplant recipients. JC virus, John Cunningham virus; HSV, herpes simplex virus. Modified with permission from the author; reprinted with per-
mission from Fishman JA. Opportunistic infections — coming to the limits of immunosuppression? Cold Spring Harb Perspect Med. 2013;3:1-14;
original source of data: Fishman J. Infection in solid-organ transplant recipients. N Engl J Med. 2007;357:2601-2614. Adaptations are themselves
works protected by copyright. So in order to publish this adaptation, authorization must be obtained both from the owner of the copyright in the
original work and from the owner of copyright in the translation or adaptation. 195205

Figure 10 shows the screening and management of kidney
transplant recipients for human BK polyomavirus, the major
cause of PVAN;, which puts 1% to 15% of kidney transplant
patients at risk of premature allograft failure.*'!

The relationship between bacterial infection and overimmu-
nosuppression is well established. However, in many cases
there are additional identifiable risk factors for bacterial infec-
tion, including surgical complications, intravenous or urinary
catheters, urinary retention or vesicoureteral reflux,!?*->05-212
Patients with a tuberculin purified protein derivative-positive

skin test or a positive IFN-y release assay for tuberculosis
(TB) before transplantation are also at increased risk of Myco-
bacterium tuberculosis infection after transplantation.”'>-*14
Prophylaxis is an efficient strategy to prevent some com-
mon posttransplant infections, such as TB, CMV and the
fungal infection Pneumocystis jirovecii, more closely asso-
ciated with high steroid exposure.'”® Ganciclovir or
valganciclovir prophylaxis can prevent CMV infections. Pro-
phylaxis of CMV infection also prevents secondary events
such as acute allograft rejection or other opportunistic
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Screening

+ q1-3 months or

« if allograft dysfunction
« if allograft biopsy

F S

b 4

Negative

i

Negative or not done

Allograft
“presumptive PyVAN" 9

biopsy

BKV viruria

BKV viremia
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Comments

Testing options:

+ Urine cytology (decoy cells) or

= Urine EM (PyV aggregates) or
= Urine BKV load (=7 log,, cp/mL)

Plasma BKY load
>4 log,, cp/mL or equivalent

Other diagnosis?
+ Acute rejection

+ Drug toxicity

+» Recurrent disease

Positive
“definitive PyVAN"

Pattern staging into
PyVANA,B,.B,.B,C

<

N Reduce

immunosuppression

» Reduce calcineurin inhibitors
* Reduce antiproliferative drugs
r +Adjunct treatment

— add cidofovir?
— switch to leflunomide?

— add IVIG?
BKY viremia
Follow-up
+ Serum creatinine g1 week
= Plasma BKV load q1-2 weeks
Negative (clearing within 8-36 weeks)

“resolved PyVAN"

= Allograft biopsy?

+ Raise immunosuppression?

FIGURE 10. Screening and management of kidney transplant recipients for BKV replication and PVAN. BKV, BK virus; EM, electron micros-
copy; IVIG, intravenous immunoglobulin. Reprinted with permission from Hirsch HH, Randhawa P. BK polyomavirus in solid organ transplan-

tation. Am J Transplant. 2013;13(Supp. 4):179-188.2""

infections. Trimethoprim-sulfamethoxazole, administered to
prevent Prneumocystis jirovecii, also decreases the rate of uri-
nary infections after transplantation.'%-2%°

In patients with subclinical or clinical infections, especially
viral infections, reduction of immunosuppression favors an
immune response against microorganisms.”’> Treatment with
mTORI is associated with a reduced incidence of posttrans-
plant CMV infection.”" Although, this effect has led to sugges-
tions that CMV prophylaxis may not be necessary, this needs
to be explored further.*'¢1® Similarly, some reports suggest
that mTORi regimens have a lower incidence of PVAN.*!?

Overimmunosuppression and Cancer

The risk of cancer is increased after kidney transplantation;
the relationship between cancer incidence and immunosuppres-
sion depends on the type of cancer, the immunosuppressive bur-
den, and time posttransplant. The Standardized Incidence Ratios
(SIR) for the most common malignancies in kidney transplant
recipients include: Kaposi’s carcinoma (17.1), nonmelanoma
skin cancer (16.6), and cancer of the lip (65.6).'%°

Certain immune characteristics in the recipient, such as an
increased number and proportion of regulatory T-cells, may
prove to be useful in stratifying cancer development after
transplantation.”?® Prevention and screening for cancer, such

as gynecological and breast cancer, and prostate cancer,
should follow the same recommendations as for the general
population.??! Studies have shown that the clinical benefit
of colorectal cancer screening in patients with functioning
kidney transplants may well be equivalent to the benefit
found in the general population.?**

Decreasing immunosuppression is common practice in kid-
ney transplant patients with cancer; however, this is associated
with an increased risk of graft rejection.”** An mTORi with an-
tineoplastic properties can be used for reducing the occurrence
of new cancers and preventing cancer recurrence in allograft
recipients who received allografts for renal cell carcinoma,'”*
and is effective in Kaposi’s sarcoma”** and nonmelanoma skin
cancer.””® In kidney transplant recipients, further trials of
mTORIi are ongoing in secondary prevention of nonmelanoma
skin cancer’?®?%’; there is evidence in these patients for
mTORi in the reduction of de novo cancer incidence.*?®

Liver Transplantation

Overimmunosuppression and Infection

Invasive fungal infection is associated with high morbidity
and mortality in liver transplant recipients,*>>**® with can-
didiasis, aspergillosis and cryptococcosis respectively being
the most common fungal infections.?*’ It is important to
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screen liver transplant candidates, if admitted to the intensive
care unit (ICU) pretransplant, for fungal colonization, to de-
termine whether targeted pretransplant or posttransplant
antifungal prophylaxis is required.”* The improvement of
perioperative and postoperative care, modification of im-
munosuppression, use of prophylactic measures such as
trimethoprim-sulfamethoxazole against pneumocystic pneu-
monia, and fluconazole in high-risk patients waiting for a
liver graft in the ICU, have led to a reduction in invasive fun-
gal infections postliver transplant.?%>*3°

CMV infection is also common postliver transplant.”*!
Prophylaxis with valganciclovir in high-risk patients (CM V-
seropositive donors in CMV-seronegative recipients) im-
proves outcomes.>** It has also been suggested that mTORi
may decrease the incidence of CMV infections; however,
more studies are required.**?

Recurrence of HBV infection is almost universal after liver
transplantation without hepatitis B immunoglobulin (HBIg)
prophylaxis. All HBV-positive patients undergoing transplan-
tation for HBV-related end-stage liver disease and active viral
replication should be treated before transplantation with a po-
tent nucleos(t)ide analog that has a high barrier to resistance.**
Nucleos(t)ide analogs in combination with HBIg have shown a
reduction in the risk of graft infection to less than 10%.23*%3
Also, entecavir prophylaxis without HBIg is proven to be clin-
ically well tolerated and an effective option for the prevention
of HBV recurrence.**® Monitoring of renal function should
be regularly performed if nucleos(t)ide analogs are used.

Liver disease attributed to chronic HCV infection is a com-
mon indication for liver transplantation in Europe.?*” Recur-
rence of chronic HCV infection postliver transplantation is
universal in recipients with detectable HCV RNA and it is a
risk for graft loss and poor patient survival due to rapid pro-
gression to cirrhosis or fibrosing cholestatic hepatitis.**”**%
Prophylaxis with direct-acting antiviral agents has revolu-
tionized HCV recurrence therapy in liver transplant recipi-
ents, showing high sustained virological response rates,
shorter treatment duration and reduced adverse events com-
pared with interferon- and ribavirin-based therapies.”*” In
general, it is mandatory to check for potential interactions
with immunosuppressive drugs in all transplant patients be-
fore starting antiviral therapy.

Overimmunosuppression and Cancer

De novo neoplasms are one of the most common causes of
late mortality in liver transplant patients (cumulative incidence
of 34.7% at over 15 years postliver transplant versus 8.9% in
the nontransplanted population), and typically associated
with male sex and patients aged >34 years."”” The most com-
mon malignancies directly related to immunosuppression are
nonmelanoma skin cancers and PTLD (Table 6).2%°
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Patients with a history of alcohol abuse and smoking have a
high risk of upper gastrointestinal, oropharyngeal-laryngeal
and lung cancers.>*® Patients transplanted for PSC and in-
flammatory bowel disease (IBD) are at an increased risk for
colorectal carcinoma.?*’

HCC is a leading indication for liver transplantation.”
With the improved selection criteria and preoperative bridg-
ing therapies available, the HCC recurrence rate at 5 years
postliver transplant, which is fatal in the majority of patients
within 1 year after diagnosis, is now at an acceptable level
(<20%).%** Challenges still remain, however, in determin-
ing the type and dose of immunosuppressive therapy
posttransplant to further reduce HCC recurrence and im-
prove its prognosis. CNIs in general are reported as having
direct prooncogenic activity>*'; high levels of cyclosporine
(>300 ng/mL) and tacrolimus (>10 ng/mL) have been associ-
ated with an increased risk of HCC recurrence.”**

mTORi have antiangiogenic and antiproliferative proper-
ties.”** One recent randomized, phase 3 open-label study has
shown that sirolimus in liver transplant recipients with HCC
does not improve long-term (5-year) recurrence-free survival,
but there may be some benefit in the first 3 to 5 years, espe-
cially in low-risk patients.”** Although some studies suggest
that T-cell antibody induction may have a negative effect in
terms of neoplasm development, a systematic review found
no differences in the development of malignancies or HCC re-
currence versus placebo.”** As such, chronic maintenance im-
munosuppression might play a more important role than short
intense periods of immunosuppression.

Managing cancer risk posttransplant remains challenging.
Despite the increased risk of malignancies, tumor screening
programs are not validated in the liver transplant setting.**'
Findings from the National Lung Screening Trial Research
Team highlight that screening high-risk individuals with
low-dose computed tomography reduces mortality from lung
cancer in the general population®*®; this may prove to be ben-
eficial in high-risk liver transplant recipients (with a history
of, or still smoking).

In liver transplantation, accepted tumor surveillance op-
tions include yearly colonoscopies in patients with PSC and
IBD, as well as annual skin examinations in all patients.*****”

40

Renal Impairment

There is some evidence that a link exists between the use of
CNIs and renal impairment postliver transplant.***** How-
ever, CNIs remain necessary to prevent rejection <1 year
postliver transplant.>” A long-term beneficial effect on renal
function can be achieved by combining reduced-dose CNIs
with non-nephrotoxic immunosuppressive agents early after
liver transplantation.>*®*%° Interventions later on are less
successful,''* therefore, a preferable approach is early

Risk factors associated with common malignancies postliver transplantation

Cancer type

Risk factors

Nonmelanoma skin cancers
PTLD

Head and neck or lung cancers
Colorectal carcinomas

Age >40 years, male sex, skin type, sun exposure, smoking and previous alcohol abuse

Age >50 years and EBV infection
History of alcohol abuse and smoking
PSC and IBD

Table based on data from Chak and Saab, 2010.2%°
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postoperative reduction of tacrolimus (>50%) in association
with MPA or everolimus.2*®25%2°! In the case of everolimus,
this results in a significantly better renal function at 2 years af-
ter transplantation.”*° Started after 1 year postliver transplant,
MMF combined with CNI reduction still can improve renal
function.”>! The randomized controlled DIAMOND study
(Figure 8) showed that an initial lower dose prolonged-
release tacrolimus capsules regimen, or the delayed initiation
(Day 35) of the higher dose prolonged-release tacrolimus cap-
sules regimen (together with MMF and basiliximab), was as-
sociated with significant improvement in renal function at
6 months, compared to the prolonged-release tacrolimus-
based regimen administered at a higher initial dose immedi-
ately after transplantation.’”® A recent nonrandomized study
showed that conversion from immediate-release to prolonged-
release tacrolimus >1 month postliver transplantation limits
the increase in serum creatinine concentrations.''*

It is generally accepted that methods based on serum creat-
inine for the detection of kidney dysfunction underestimate
the extent of renal impairment in transplant recipients. As
such, limited effective interventions are available by the time
an elevation in serum creatinine levels is detected. There is,
therefore, a need for timely intervention and early and sensi-
tive indicators to detect CNI-related nephrotoxicity. Cystatin
C-based calculations have been shown to be superior in esti-
mating glomerular filtration rate (GFR) compared with
creatinine-based estimations; however, GFR is still underes-
timated using this method in patients with low GFR.>**

Strategies to reduce the risk of renal impairment
postliver transplantation

1. Induction therapy with reduced or delayed initiation of
prolonged-release tacrolimus capsules combined with
MMF and basiliximab

2. Early after liver transplantation combination of low-dose
CNI with MMF or everolimus /

Metabolic Syndrome

Metabolic syndrome is highly prevalent after liver trans-
plantation, with an incidence of 50% to 60% in liver trans-
plant recipients. Therefore, liver transplant recipients are at
a high risk of cardiovascular complications—ranging from
approximately 10% at 5 years to up to 25% at 10 years.>*®
As a priority, all elements of metabolic syndrome should be
treated, including arterial hypertension, hyperlipidemia, dia-
betes mellitus and obesity.

Conversion from CNIs to mTORI increases the incidence
of diabetes mellitus and arterial hypertension postliver trans-
plant.>**** Moreover, compared with CNIs, mTORi are as-
sociated with a higher incidence of dyslipidemia.'”* On the
other hand, the results from several studies suggest a reduced
weight gain with mTORi versus CNIs. >

Recommendations for the Management and Prevention
of Adverse Effects Related to Immunosuppression in
Kidney Transplantation

1. Patients with a positive purified protein derivative skin test
or a positive IFN-y release assay for TB should receive pro-
phylaxis (isoniazid for 9 months). (Level 3)
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O Advocate TB prophylaxis in patients of Indian subcontinent
origin (Level 5)

2. Prophylaxis (trimethoprim-sulfamethoxazole) should be
given to all patients during the first 6 months after kidney
transplantation to prevent Prneumocystis jirovecii infection,
and in patients treated with mTORI, the duration of pro-
phylaxis could be extended. (Level 1)

3. Prophylaxis for CMV infection with valganciclovir should
be given for 6 months in recipient-negative/donor-positive
(R-/D+) renal transplant patients, for 3 months in D+ pa-
tients, or as a preemptive strategy based on nucleic acid am-
plification testing. (Level 1)

4. BK viremia should be regularly monitored (at least every
3 months) during the first 24 months. (Level 2)

5. In patients with consistent BK viremia (presenting 2 consec-
utive positive determinations), consider step-wise reduction
of immunosuppression and renal biopsy. (Level 3)

6. In patients with persistent BK viremia and increasing pro-
teinuria and/or de