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Intrapatient variability in tacrolimus exposure – a
useful tool for clinical practice?
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The narrow therapeutic window for calcineurin inhibitors (CNI) remains a challenge in the management of
transplant recipients, with underexposure risking acute
rejection and overexposure resulting in acute and
chronic impairment of graft function. Optimization of
CNI exposure by computerized dosing and different
monitoring strategies have long been an area of interest
in the transplant literature [1,2].
In this issue of Transplant International, Shuker and
colleagues report an association between high intrapatient variability (IPV) in tacrolimus exposure and
adverse renal transplant outcomes, measured by a composite of graft loss, late biopsy-proven rejection and
transplant glomerulopathy, or doubling of serum creatinine [3]. Risk of the composite outcome was 1.4 times
higher in patients with high IPV, even after adjustment
for confounders. The findings are not necessarily novel;
a number of previous studies have demonstrated association between IPV and adverse outcomes in both adult
and paediatric recipients, and in different solid organ
transplant types [4–7]. This study does, however, represent the largest series to date and includes a number of
additional risk factors for poor transplant outcomes in
multivariate analysis. The authors also present a method
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for calculating IPV that can be applied in everyday clinical practice, along with practical examples.
There are some caveats. Whilst this retrospective
analysis clearly demonstrates an association between
tacrolimus IPV and adverse transplant outcomes, it is
not possible to infer causation. There are many events
that can occur during the first post-transplant year such
as hospital admission, periods of gastrointestinal disturbance, infections and associated antibiotic use and
administration of interacting drugs that could both
increase tacrolimus IPV but also independently influence the risk of components of the composite endpoint
used. The patient population is derived from a single
centre over a 10-year period on a similar immunosuppressive regimen, and so whether the magnitude of the
effect of tacrolimus IPV on outcomes is the same in
other populations remains to be seen.
Despite these limitations, when taken in the context
of previous publications from other centres, study of
the prospective use of tacrolimus IPV monitoring does
appear to be warranted. Routine IPV monitoring has
some attraction as it uses existing tacrolimus trough
level measurements, making it simple to implement and
incurring minimal cost. Two questions, however,
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remain to be answered: (i) How should the tacrolimus
IPV be used to define patients at risk? and (ii) What
interventions allow for the reduction of IPV and/or subsequent risk of events?
The study from Shuker et al. uses an arbitrary cutoff, defined as the median IPV, of 16.2% to dichotomize between high and low variability. It is not clear
exactly what level of IPV represents a significant
increase in risk and would warrant further investigation
or intervention in a prospective study. Formal validation of IPV as a predictor for adverse outcomes in a
prospective cohort may allow the optimal cut-off to be
better defined for future use.
Once we have a better understanding of the IPV levels
predictive of adverse events, the next step would be to
define an intervention to attempt to reduce it and to test
the impact of such an intervention in a prospective randomized trial. The difficulty is that the intrapatient variability is likely multifactorial, with drug compliance, oral
intake and diet, concomitant medications, gastrointestinal disturbance and even genetic variation contributing.
The existing literature plays heavily on noncompliance as
a significant contributor to IPV, although the actual evidence for this is limited. One of the few studies that has
investigated the relationship between IPV, patient attitude and compliance found that whilst IPV does correlate with patient attitude to their medication and
transplant, there was no relationship found between IPV
and self-reported compliance [8]. Indirect evidence suggests a possible link, however, with conversion of patients
to once-daily tacrolimus formulations improving both
compliance and reducing IPV in both kidney and liver
transplant recipients [9–11]. These data suggest that
where compliance is suspected as a potential contributor,

once-daily modified release tacrolimus may benefit some
(but not all) patients.
The contribution of other factors to IPV is less certain. Lifestyle and diet may play a role, leading to the
suggestion that improved patient education may reduce
IPV. Bessa et al. explored the role of enhanced education regarding medications delivered by an experienced
transplant pharmacist rather than standard nursing care
on compliance and IPV in a randomized controlled
trial. The intervention had no impact on either the
intrapatient variability or self-reported drug adherence,
suggesting that enhanced education alone may not have
sufficient impact to improve outcomes. Genetic variability in drug metabolism is known to affect interpatient variability in the response to tacrolimus dosing,
but may play less of a role in intrapatient variability
[12].
It is likely that intrapatient variability in tacrolimus
levels is multifactorial, with adherence and other factors
playing different roles in different patients. Whilst there
is mounting evidence of an association between tacrolimus IPV and adverse transplant outcomes, exactly how
the monitoring of IPV can be integrated into clinical
practice, and indeed whether this will help to reduce
adverse outcomes in those patients with high IPV
remains to be seen.
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