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Abstract

Nonadherence to immunosuppressants may play a role in late rejection in liver transplant
recipients. In children, emerging data suggest that adherence can be measured by computing the
standard deviation (SD) of consecutive blood levels of tacrolimus, resulting in a number that
reflects the degree of variability between individual measures (the Medication Level Variability
Index, MLVI). A higher MLV value means erratic immunosuppression, likely due to less
adherence. Data on this method in adults are limited. We obtained data from the medical charts of
150 randomly selected adult recipients. The MLV was significantly higher in patients who had
biopsy-confirmed rejection (mean MLV1=3.8, SD=3.2) as compared with the rest of the cohort
(mean MLV1=2.3, SD=1.5; p<0.01), and it was significantly higher in patients who had a rejection
as compared with patients who had a biopsy that was not read as a rejection (mean MLVI=2.6,
SD=1.6; p<0.01). The MLVI was both associated with rejection and predicted its occurrence. A
threshold MLVI of 2.0 resulted in 77% sensitivity and 60% specificity in predicting rejection; a
threshold of 1.8 resulted in a sensitivity of 92% and specificity of 48%. The Area Under the Curve
(AUC) in a Receiver Operating Characteristic (ROC) curve analysis was 0.71 (95% CI: 0.61-
0.81). The MLV is associated with and can predict rejection, possibly related to nonadherence, in
adult liver transplant recipients.
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Introduction

Consistent immunosuppression cannot be achieved if patients take their medications
incorrectly. Nonadherence is the most common cause of late acute rejection in pediatric liver
transplant recipients (1-7). Although data suggest that nonadherence is associated with poor
outcomes in adult transplant recipients as well (8), the topic of nonadherence as an important
factor in rejection has not been studied as extensively in adults. Developing strategies to
aggressively identify and treat erratic immunosuppression due to nonadherence ranks highly
on any research or clinical agenda that attempts to improve posttransplant outcomes in
children (NIH liver action plan, 9; NIDDK panel, 10). One could argue that it should also be
a focus of research in adults; a majority of pediatric liver transplant recipients transition into
adult services and may retain at least some childhood risks, including the risk of
nonadherence.

Blood levels of tacrolimus are routinely monitored as standard of care after solid organ
transplantation. It is possible to evaluate the degree of fluctuation between individual blood
levels for a given patient over time by computing the standard deviation (SD) of consecutive
blood levels of tacrolimus. The resulting variable, the Medication Level Variability Index
(MLV1), reflects the degree of fluctuation between individual blood levels (higher MLVI
value = more fluctuation). When a threshold was applied to this variable in pediatric
recipients, it was shown to be significantly associated with acute rejection, in the United
States and elsewhere (2,6,7,11).

The MLVI is easy to use, and it requires almost no additional expense to calculate. Its use to
monitor adherence can inform behavioral interventions that may, in turn, reduce rejection
episodes in children (12-14), although intervention studies that used this index to monitor
adherence to date have been pilot studies, not well-powered randomized controlled trials
(RCTs). If this method were proven to be as predictive of nonadherence-related poor
outcomes in adults as well, it could enable routine identification and management of
nonadherence in this population. When evaluating the use of the MLV, however, several
reasons that would render this index less precise or less applicable to adults should be
considered. For example, the indications for liver transplantation in adults are somewhat
different from the indications most commonly encountered in children. Biliary atresia, the
leading indication for liver transplantation in children (15), does not recur after liver
transplantation and is not typically associated with significant extrahepatic disease. In
contrast, common indications for liver transplantation in adults include hepatitis C, fatty
liver disease and alcohol related liver disease (16). Auto-immune hepatitis (AIH) can also
recur after liver transplantation; in some cases, rejection and recurrence can be difficult to
tease apart (17). Therefore, as compared with pediatric recipients, an adverse outcome after
liver transplantation in adults is more likely to be related to the underlying disease process
which may still be present. Because the MLVI is not sensitive to intrinsic risks conferred by
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specific disease processes, it may be less predictive of graft dysfunction in adults, or the
cutoff threshold for increased risk (the MLV value beyond which rejection risk appears to
be substantially increased, reflecting an unacceptable variation in medication blood levels)
might differ.

One previous study explored the relationship between the MLVI and rejection/poor
outcomes in adult liver transplant recipients (18). This large and detailed exploratory
investigation found a correlation between a higher MLVI and increased risk for graft
rejection. However, this study did not define a “screening threshold” for rejection, and it was
not hypothesis-driven, increasing the risk of inadvertent spurious results.

We conducted a hypothesis-driven, retrospective chart review of adult liver transplant
recipients. Although the chart review was retrospective, the study defined the hypotheses a-
priori and used the pediatric data as preliminary findings. As such, this is not an exploratory
study but rather an attempt to validate previously reported findings in an adult cohort. Our
pre-defined primary hypothesis was that a higher MLVI would be associated with a higher
likelihood of biopsy-proven graft rejection, whether it was used as a continuous variable or
as a dichotomy with a cutoff point of 2.5 (as derived from the pediatric literature, 13). In a
secondary analysis, we evaluated whether, in addition to being associated with rejection, the
MLV would also predict it (whether patients who had a rejection had a high MLVI before it
occurred). Also, because nonadherence is expected to be associated with rejection but less so
with other causes of graft dysfunction, we hypothesized that the MLV would be associated
with rejection but not with having had a biopsy done for other reasons. We expected that the
MLVI threshold, which is reported at 2-3.5 in various pediatric populations (13), will be
similar in adults, although it might carry less predictive value than in children. We also
expected the measure to have an area under the receiver operating characteristic curve
(AUC) of at least 0.7 in the predictive analytic model, fulfilling the general criterion of a
“potentially useful laboratory test” (19).

We first identified all transplant recipients whose medical records were available at the adult
liver transplant program at the Recanati-Miller Transplant Institute (RMT]) at the Mount
Sinai Medical Center in New York between 2007 and 2010 (n=1776). Patient charts were
selected for review by randomly selecting a letter of the alphabet, identifying patients whose
last name begins with this letter, and repeating this process until a sufficient number of
eligible patients was identified, aiming at a final sample size of 150 participants. As it turned
out, 545 patients were screened. Figure 1 summarizes the selection process. Patients were
selected for the study if they met the following criteria:

Inclusion criteria:
1. Received a liver transplant for any reason between 1988 and 2010

2. Were prescribed tacrolimus between 2007 and 2010 for maintenance
immunosuppression; patients taking other immunosuppressant drugs concurrently
with tacrolimus were also included in the study
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3. Had at least three serum tacrolimus levels at intervals of approximately three
months recorded between 2007 and 2010
Exclusion criteria:

1. Death prior to 2007 even though the medical record was still available during the
initial screening (n=125)

Inadequate number of serum tacrolimus levels (n=89)

Liver retransplant prior to 2010 regardless of the cause (n=84)
Not prescribed tacrolimus (n=38)

Lost to follow up (n=30)

Kidney or other additional transplant (n=13)

Incomplete electronic medical records (n=12)

© N o o A~ W D

Death occurring during transplant surgery (n=4)

The program did not perform any “protocol” biopsies during the study period; all biopsies
were clinically warranted to investigate abnormal liver chemistry tests. For the final group
of 150 recipients, we obtained the following data: gender, race, age at transplant, age at
entrance into the study (i.e., age at the first time that a tacrolimus level was recorded during
the period reviewed for this study), diagnosis at time of transplant, serum tacrolimus levels,
and pathology reports from any liver biopsies performed six months or later post-transplant
during the study follow-up time. At our institution, patients are asked to have their
immunosuppressant blood level checked at least every three months post-transplant, and
more if clinically indicated. Serum tacrolimus levels, which were obtained as a part of
routine management, were recorded beginning at least six months post-transplant at intervals
of approximately every three months for the entire duration of follow-up between 2007 and
2010. When more than one tacrolimus level was recorded in a quarter, the level associated
with the interval closest to 3 months, by the day, was selected. Biopsy results were based
upon the official pathology report at our center (hot on chart notes), distinguishing between
cellular rejection and any other reading. Chart reviewers were blinded to the patients’ biopsy
status when entering the tacrolimus level data.

This study was approved by the Icahn School of Medicine at Mount Sinai’s Institutional
Review Board as exempt. It involved a retrospective chart review and was analyzed without
patient identifiers.

For each subject, if there was at least one biopsy-proven episode of rejection in the study
period, it was entered as a positive value (positive rejection) for the purpose of the main
analysis. Thus, even if a subject had more than one rejection episode, it was counted as one
event for the primary analysis (yes/no rejection occurring during the follow-up period,
regardless of the number of rejections). In secondary analyses, we distinguished between
patients who had one biopsy-proven rejection and those who had more than one. Also, we
looked to see whether the MLVI differed between those diagnosed with AIH and the rest of
the cohort. We then examined whether the results would change if we removed this group
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from the main analysis. Particular attention was placed on those diagnosed with AIH
because they are a potential high-risk group in which recurrent disease is common (17).
Additionally, at our center, patients diagnosed with AIH may receive a more intense
schedule of immunosuppression: maintenance steroids are added to tacrolimus per protocol.

In some cases, tacrolimus levels were reported as “undetectable”. Our patients may obtain
results at local laboratories of their choosing and these different labs have different
thresholds for what is considered “undetectable.” At our center, target levels are never
chosen to be in the “undetectable” range. Because of the different thresholds in different
labs, we were not confident that assigning any fixed number to substitute an “undetectable”
reading would be reasonable. We decided to discard “undetectable” readings from the main
analyses, but we do report the number (and percentage) of such readings in this cohort.

To verify whether our exclusion criteria resulted in a substantial selection bias, we compared
baseline characteristics of patients with less than three blood levels to the selected cohort
(course characteristics cannot be compared, because many of those patients turned out to be
receiving care elsewhere, which is the reason for having few levels recorded in our charts).

To verify whether patients who were identified by the MLVI as nonadherent and had a
rejection were already suspected of nonadherence by the treating team, we reviewed all of
the charts of patients with an “above threshold” MLVI to try to capture instances in which
nonadherence was mentioned.

Statistical methods

All statistical analyses were completed using IBM SPSS statistical package version 20.0
(IBM, Armonk, NY) and predefined the level of significance as p<0.05. For the primary
analysis, independent samples t-tests (two-tailed) and chi-square analyses were conducted to
examine the relationship between MLVI values, as both a continuous and categorical
variable, and graft rejection. We also performed a t-test to determine whether the presence
of “undetectable” levels in a patient significantly predicted rejection (if it was predictive,
this would have suggested that discarding those data could have had a significant effect on
the final results). When Levene’s Test for Equality of Variance was statistically significant,
the Welch-Satterthwaite correction (the default method used by the SPSS software) was
applied. Given that no preliminary data exist about the validity of a certain threshold of this
method in adults, there were no parameters available to include in a formal power analysis
in order to determine the sample size. Since this index seemed to have identified most
rejection episodes in cohorts of n = ~100 children (2,6,7), we decided that a somewhat larger
sample of 150 would be expected to show the same effects in adults, even if the index’s
performance may be a bit less reliable in adults. Consistent with the way this index was
previously used (2) and in order to mimic the clinical reality in which those tests would be
performed, we decided to include all extant data in the primary analysis: blood-level outliers
were not discarded. But because outliers could be present, and if so, may have a significant
effect, we evaluated in a secondary analysis the effect of outliers on the main outcome
measure. To do so, we first calculated the mean of all MLV 1I’s for the entire cohort. Then,
we compiled a list of all individual MLV1’s that were more than 2 standard deviations above
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that mean. We then excluded the subjects whose MLVI’s were above that threshold and re-
analyzed the new sample.

For the predictor analysis, we re-calculated all MLVI’s while including only blood level
values that were obtained more than a month before the index rejection occurred, and no
post-rejection levels, attempting to mitigate putative effects of peri-rejection liver
dysfunction on blood levels and, therefore, on the index. The area under receiver operating
characteristic curve (AUC ROC) was used to evaluate the predictive ability of MLVI in the
predictor analysis model.

To determine whether race, gender, or age affected the predictive value of the MLVI in this
cohort, we performed a multivariate logistic regression to predict rejection. These
demographic variables, culled from the medical charts, were entered into the analytic model
to determine whether they can explain or mitigate the association between the MLVI and
rejection.

Tacrolimus levels which were repeated one day or less apart were averaged because taking
levels so close in time might mean that the physician was concerned about a lab error. To
determine whether averaged values may have affected the results of the main analyses, we
re-analyzed the data, replacing averaged values with the closest measure in time.

Patient characteristics for the final group of 150 patients are presented in Table 1. Figure 1
presents the selection process for participation in this study. Table 2 compares baseline
characteristics between patients who were included in the study and patients who were
excluded due to not having enough blood tacrolimus levels recorded.

The numbers of tacrolimus troughs levels in the three groups were as follows: Patients who
had a biopsy that was read as rejection: mean=9.8, range=3-22, patients who had a biopsy
that was read as anything but rejection: mean=8.3, range=3-38, and patients who had no
biopsy performed: mean=5.4, range=3-13; p=0.38. Table 3 presents data in which the MLVI
is used as a continuous variable. The primary analysis showed that MLV1’s were
significantly higher in patients with biopsy-confirmed rejection (mean=3.8, SD=3.2) as
compared with the rest of the group (mean=2.3, SD=1.5); t(55.15)= -3.164; p<0.01. Figure 2
presents the distribution of MLVI’s as a function of the rejection status. As can be seen, 2%
of all patients with rejection and 10% of all patients without rejection had an MLVI range of
0-1. Patients with MLVI’s of more than 8 all had a documented rejection, and those
represented 4% of the “rejection” cohort.

To investigate whether the index distinguishes between rejection and other reasons for
adverse outcomes, we compared MLV I’s of patients who had a biopsy-confirmed rejection
to MLV 1I’s of patients whose outcome was compromised enough to mandate a diagnostic
biopsy, but in which the finding was anything but rejection. Table 3 shows that MLVI
values were significantly higher in patients with biopsy-confirmed rejection (mean=3.8,
SD=3.2) as compared with those who had a biopsy without rejection (mean=2.6, SD=1.6);
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t(111)=-2.709; p<0.01. Hence, a higher MLVI was associated with rejection but not poor
outcomes in general.

Table 4 displays the index as a threshold variable (less than vs. equal or greater than 2.5
units). When a threshold of 2.5 is used, the likelihood of an MLVI = 2.5 is significantly
higher amongst those with rejection, p<0.001. Additionally, there was a significant
difference between patients who had a biopsy-proven rejection vs. patients who had a biopsy
but no rejection (p<0.001). Lastly, patients who had a biopsy but no rejection were not more
likely to have an above-threshold MLV as compared with the general cohort (p=0.41).

Of 35 patients who had an above-threshold MLVI and turned out to also have a rejection, we
found a note identifying not taking the medications as an issue in only 2 cases.

Secondary analyses

There was no significant difference in MLVI values between those who have had one
episode of rejection (mean=4.04, SD=3.77) and those who have had multiple episodes of
rejection (mean=3.5, SD=1.46); t(45)=.503, p=0.62. There were no significant differences in
MLVI values between those with AIH (mean=2.6, SD=1.88) and the rest of the cohort
(mean=2.8, SD=2.31); t(148)=.487, p=0.63. When those diagnosed with AlIH were removed
from the main analyses, there were still significant differences in ML VI values between
rejection (mean=3.7, SD=3.24) and non-rejection groups (mean=2.4, SD=1.49); t(127)= -
3.271; p=0.001. When removing those with AIH in the biopsy-only group, there were still
significant differences in MLVI values between patients who had a biopsy that showed
rejection (mean=3.7, SD=3.24) and those who had a biopsy that did not show rejection
(mean=2.8, SD=1.63); t(96)= —1.968; p=0.05.

“Undetectable” levels appeared in 17 out of the 1050 readings that were used for this study
(1.6%), in 12 patients of 150 (8% of patients). The presence of an “undetectable value” in a
patient was not associated with rejection (p=0.48), or with the performance of a biopsy for
any reason in this cohort (p=0.38). The distribution of tacrolimus blood levels in the entire
sample is presented in Figure 3. Note that this figure presents actual levels, not MLVI’s. The
mean and standard deviation for the whole sample’s MLV distribution were: mean=2.8;
SD=2.25. Two standard deviations above the mean is 7.30. There were 5 MLV I’s above the
“mean plus two standard deviation” threshold: 7.34, 7.83, 7.88, 11.58, 20.80. Four out of
those 5 subjects had a biopsy-confirmed rejection (all but the subject with the MLV of
7.34). When those cases were discarded, the difference between the “rejection” vs. “no
rejection” groups remained significant, whether or not the MLV1’s were treated as a
dichotomy (putative outliers did not significantly impact the conclusion). Results using the
MLVI’s as a continuous variable while discarding outliers were as follows: Rejection (n=43,
mean=3.1, SD=1.18) versus no rejection (=102, mean=2.3, SD=1.37); p=0.001; Biopsy-
confirmed rejection (mean=3.1, SD=1.2) versus biopsy with no rejection (mean=2.5,
SD=1.45); p=0.04; Biopsy with no rejection (mean=2.5, SD=1.45) versus rest of cohort
(mean=2.5, SD=1.31); p=0.79.

Results when using the MLV threshold while discarding outliers were as follows, with
percentage of those with an MLVI = 2.5 provided: Rejection (69.8%) versus rest of cohort
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(30.4%); p<.001; Biopsy-confirmed rejection (69.8%) versus biopsy with no rejection
(38.5%); p=.001; Biopsy with no rejection (38.5%) versus rest of cohort (45.0%); p=0.43.

When the 38 averaged values were replaced with the closest measure in time, results did not
significantly change (all previously significant results remained significant).

We then ran a multivariate logistic regression that included age at enroliment, race
(classified as Caucasian, Black, Latino, Asian, Native American or Other), and gender as
well as the MLVI. The demographic variables were not independent predictors of rejection
in this cohort (in the primary analysis, p=0.07 for age, p=0.93 for race, p=0.29 for gender; in
the predictor analysis, presented below, p=0.11 for age, p=0.93 for race, p=0.23 for gender).
In both of these models, the MLV remained the only significant predictor (p<0.05).

Predictor analyses: for this analysis, we excluded all tacrolimus levels that were obtained
less than a month before the index rejection has occurred, and all post-rejection levels. This
has resulted in an exclusion of 21 patients who had a rejection but did not have enough
tacrolimus levels recorded before it happened, potentially biasing the analysis away from an
important result due to removal of potentially nonadherent patients. This also represents a
substantial reduction in our sample size and power. The results, however, remained
essentially the same. For the main comparison, when used as a continuous variable, the
mean MLVI value in the “confirmed Rejection” (n=26) group was 3.9, (SD=3.8) as
compared with a “no rejection” (n=103) mean MLVI of 2.3, (§D=1.5); p=0.05. When used
as a dichotomy (cutoff at SD>2.5), 58% of patients who had a confirmed rejection had an
above-threshold MLVI, as compared with only 31% of those with no rejection; p=0.01.
Differences between patients who had a biopsy that did not reveal a rejection and the rest of
the cohort remained insignificant as in the primary analysis (p=0.96 when the ML V1 is a
continuous variable, p=0.48 when the MLV is used as threshold).

Figure 4 is an ROC curve calculated from the predictor analytic model. The AUC is 0.71
(95% CI: 0.61-0.81). Table 5 represents the specificity-sensitivity values for potential cutoff
points. A cutoff value of 2.0 resulted in 77% sensitivity and 60% specificity in predicting
rejection; a threshold of 1.8 resulted in a sensitivity of 92% and specificity of 48%.

Discussion

As hypothesized, the MLV, an index representing the degree of fluctuation between
individual medication blood levels in adult liver transplant recipients, calculated by
computing the standard deviation of a series of tacrolimus levels, differentiated patients who
had or did not have rejection. A higher degree of fluctuation (higher MLVI) is both
associated with and is predictive of rejection. As also hypothesized, a threshold MLV1 of
2.5-2.6 is associated with rejection. Values of 1.8-2.0 can be used to predict rejection risk.
The AUC that we found for the ability of the marker to predict rejection, 0.71, is considered
an acceptable value for a biomarker as compared with other biomarkers of disease (for
example, see reference 20).

This study showed a correlation between the MLVI and a specific type of adverse
posttransplant outcome (rejection); we did not examine less frequent outcomes such as death
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or graft loss. Those outcomes are also important and can be included, perhaps, in future
studies. Our study did not address the reason for the adverse outcome. We believe that a
likely reason for the association is patient nonadherence, because the index was shown to
correlate with electronic monitoring of adherence (21), and because MLV1 values have been
shown in preliminary studies to be responsive to behavioral interventions (12,14),
establishing that the index likely measures a behavioral construct.

The fact that the index was both associated with and also predictive of rejection suggests
that the MLVI identifies a construct that is not in itself influenced much by the rejection
itself (otherwise, it would not have been predictive but merely associated with rejection).
This further suggests that this index accurately identified nonadherent patients, not patients
with metabolic or absorption issues. Our study was not designed to firmly establish whether
the clinical teams already suspected that the at-risk patients identified by the MLVI were
nonadherent. However, only 2 of the 35 patients with an MLVI of 2.5 or higher who had a
rejection had a notation in the chart related to a suspicion of nonadherence. Our previous
results in children (2) showed a lack of correlation of the MLV with clinician perception of
patient adherence. Those results strongly suggest, but do not yet firmly establish, that this
index is capable of identifying at-risk patients who would have otherwise been missed.

Calculating MLV 1I’s is not the same as looking at one blood level. Factors that influence
blood levels of tacrolimus (such as absorption issues) may or may not influence the index
because absorption issues may lead to low but not necessarily variable levels. Even if levels
do vary because of variable absorption, the degree of the effect on blood levels might not be
the same as the effect of not taking the medication at all (if a threshold value is applied to
the MLV, as we had done, absorption issues may fall below that threshold). The same is
true for prescription practices: while the amount of prescribed medication is clearly related
to the level of that medication, variable prescription practices may not lead to the same
degree of fluctuation or poor outcomes as patient nonadherence. Medical prescription
practices in pediatric liver transplant recipients were shown to be related to some degree of
fluctuation in blood levels (22), but a later analysis showed that tightening prescription
practices did not reduce rejection rates (6), establishing that only “above threshold”
fluctuation, which is not responsive to an intervention related to prescribing practices,
matters inasmuch as transplant outcomes are considered.

More complex statistical modelling (e.g., mixed models), which can extract point estimates
and variation for each patient and also take into account correlation of values closer in time,
may have been better at capturing the nuances of blood level variation. But our study did not
try to evaluate the best way to capture variation. Rather, we attempted to validate the least
complex method, or index, that can be easily used in practice to predict rejections.

Relatively new methods to monitor and improve adherence in a broad spectrum of medical
illnesses, including electronic monitoring devices and text messaging, have been described
as somewhat effective (23-29). Those are indirect measures of adherence that require
patients to be motivated to engage in additional activities related to their medical care. This
motivation may be lacking in nonadherent patients who, by definition, are not following
treatment recommendations. Therefore, the use of external adherence measurement devices
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may select for more adherent patients (exactly the opposite of the aim of using such devices,
which is to detect nonadherence). Multi-pronged approaches have been proposed as ways to
improve accuracy of detection (30, 31), but those approaches have not been conclusively
validated, and they may put unsustainable burden on patients or clinicians (32). Perhaps
because direct, objective measurement of adherence is difficult, almost all published
adherence interventions are administered to entire clinic populations rather than to patients
who are known to be nonadherent (13). There is, therefore, particular interest in developing
a simple, objective method that would allow efficient targeting of patients without additional
burden and little or no additional expense. Although preliminary data suggest that the use of
the MLV to monitor adherence and inform interventions is feasible and promising (12,14),
only well-powered RCTs can conclusively determine whether an approach is in fact
clinically useful. We are not aware of any published well-powered RCTs to date that show
that the use of any adherence detection method can improve posttransplant rejection
outcomes. One recent rigorous intervention study (using medication refill rates as the
adherence monitoring method) did not show an improvement in rejection rates or medical
outcomes, although adherence improved amongst enrolled patients (33). It is possible that
the most nonadherent patients failed to consent or did not adhere to study procedures. This
study and others demonstrate that engaging the most nonadherent patients in an intervention
is quite challenging. It is, therefore, hardly a forgone conclusion that interventions would
help. It is important to evaluate the costs and medical effects of a monitoring program
coupled with an intervention in a rigorous study before any recommendations can be made
about monitoring adherence in practice.

The relatively low frequency of blood tests might seem to hinder real-time use of this index,
but the fact that it was already used for monitoring in preliminary intervention studies
(12,14) suggests that this theoretical consideration might be overcome. We tried to examine
how to treat outliers (very high levels of tacrolimus) both in calculating the index, and in
practice. Very high levels of tacrolimus (for example, a blood level of 20 or 30 and above)
may be due to peak (hon-trough) blood draws. They could also be real trough, and thus
toxic, levels. If those outliers are not trough levels, they represent nonadherence to the
recommendation to obtain a trough level. Hence, high levels of tacrolimus which may result
in a higher MLVI may not necessarily be “outliers”, in that high levels may be related to
nonadherence (to the recommendation to obtain a trough level) rather than being a statistical
oddity. This may explain why either discarding or including “outliers” did not have any
effect on the primary analytic results in this study. Our results should caution clinicians
against discarding unusually high tacrolimus levels and treating them as a laboratory
mistake. Rather, we found that those “outliers™ are associated with a higher risk for rejection
(they do not occur at random). We believe that our results suggest that in clinical practice,
“outliers” should be treated with caution, as a possible indication that “something is amiss
with the patient”.

Our study was not designed to thoroughly evaluate the effect of variables such as race or
socioeconomic status (SES) on the index. We found that neither race, as recorded in
patients’ medical charts, nor age or gender was associated with rejection in this cohort. But
our dataset is limited and it is possible that larger studies will find different results,
especially if race is prospectively recorded using detailed and standardized definitions.
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Nonadherence may explain the association — if one exists — between poor outcomes and race
or SES; if so, interventions to monitor and improve adherence would be indicated as a way
to mitigate this relationship (34).

Ours is a single-center, retrospective study. The shortcomings of a retrospective chart review
include the lack of ability to standardize the outcome measure. But a retrospective design
does offer a substantial benefit, specifically in adherence research. Prospective studies
almost invariably require a consent process, and some form of commitment to enhanced
follow-up. Therefore, prospective studies of adherence frequently result in the exclusion of
the most nonadherent patients, who are by definition the least likely to consent to research
and adhere to the study’s follow-up requirements. This inadvertently leads to a biased
sample — an oversampling of patients with good outcomes, while excluding the patients who
are most likely to suffer from adverse outcomes (35, 36). Although we have taken care to
ensure random selection of participants, our inclusion/exclusion criteria, as in any study,
may have resulted in a sample that is not fully representative. In particular, the inclusion
criterion which mandated that the chart has a record of a certain number of tacrolimus levels
may have led to an over-representation of those who are most likely to be closely monitored.
In our cohort, 31.3% of patients had a rejection. The rate of rejection in a published study of
liver transplant recipients was 11.5% to 23.9% (37). It, therefore, appears that indeed we
may have somewhat oversampled those with rejection. This potential oversampling, while
noted as a threat to generalizability, is not necessarily a limitation. By somewhat
oversampling those with adverse outcomes, we likely increased the power of this study to
show differences between groups, and it also appears that we avoided the “classic”
adherence study limitation of oversampling patients with good outcomes (35).

In summary, we found that the MLVI, an index that is easy to calculate and inexpensive to
use, is associated with and predictive of a specific adverse outcome (rejection), likely related
to nonadherence to tacrolimus prescription, in adult liver transplant recipients. A threshold
value of 1.8-2.6 can be used, depending on the aim of the investigator (screening versus
intervention research). Our results, while encouraging, should not be taken as final proof of
the concept that the Index can be used clinically in adults to assess and address
nonadherence, because of the limitations that were discussed above. Prospective
intervention studies are essential before firm conclusions can be drawn about the utility of
this, or any other, adherence measure.
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Enrollment flowchart.
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Distribution of MLVI values, by rejection status. Patient (%) denotes the percent of patients
amongst all of the patients in the rejection — blue, or no rejection — red categories in each

MLV value range (each category adds up to 100%). Note: MLVI=Medication Level

Variation Index.
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Distribution of tacrolimus blood level values in the entire cohort.
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FIGURE 4.
Receiver operating characteristic (ROC) curve for the relationship between MLV values

and rejection. Diagonal segments are produced by ties. The area under the curve is 0.71.
Note: MLVI=Medication Level Variation Index.
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Patient characteristics

Sex
Male
Female
Mean Age + SD
At Entrance into Study
At Transplant
Age at Entrance into Study
18-20
21-30
31-40
41-50
51-60
61-70
71-80
Age at Transplant
1-18
19-20
21-30
31-40
41-50
51-60
61-70
71-80
Diagnosis at Time of Transplant
Hepatitis C
Auto-Immune Hepatitis
Hepatitis B
Alcohol Related Cirrhosis
Toxic/Drug Induced Hepatitis
Primary Biliary Cirrhosis
Fulminant Hepatic Failure
Other (not specified)
Rejection
Yes
No
Biopsy
Yes
No

n=150 (%)

98 (65)
52 (35)

54 + 13 years
50 + 13 years

2(1)
9(6)
10(7)
20 (13)
63 (42)
39 (26)
7(5)

1(<1)
6 (4)
9(6)
10 (7)
30 (20)
70 (47)
20 (13)
4(3)

77 (51)
21 (14)
11(8)
8(9)
6(4)
6(4)
302
18 (12)

47 (31)
103 (69)

113 (75)
37 (25)

n = total sample size
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TABLE 2

Patient characteristics (Included patients versus those excluded due to insufficient levels)

Included Patients

Excluded Patients (Not Enough L evels Recor ded)

n=150 (%) n=87 (%) p
Sex
Male 98 (65) 51(59) .303
Female 52 (35) 36 (41)
Mean Age + SD
At Entrance into Study 54 + 13 years 57 +13years .091
Diagnosis at Time of Transplant
Hepatitis C 77 (51) 41(47) 107
Auto-Immune Hepatitis 21 (14) 11 (13)
Hepatitis B 11 (8) 4 (5)
Alcohol Related Cirrhosis 8 (5) 8(9)
Toxic/Drug Induced Hepatitis 6 (4) 0 (0)
Primary Biliary Cirrhosis 6 (4) 4(4)
Fulminant Hepatic Failure 3(2) 5 (6)
Nonalcoholic Steatohepatitis 0 (0) 3(3)
Other (not specified) 18 (12) 11 (13)

Note: n = total sample size; 89 patients had insufficient tacrolimus levels, and 2 of these patients were missing baseline information and so were

excluded from this analysis

Liver Transpl. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny Yd-HIN

Supelana et al.

TABLE 3

MLVI values by groups

Groups n GroupMnlw_e\e;:'l (SD) p-value
Rejection 47 3.8(3.2) 0.003
Rest of cohort 103 23 (1.5)

Rejection 47 3.8(3.2) 0.008
Biopsy, no rejection 66 2.6 (1.6)

Biopsy, no rejection 66 2.6 (1.6) 0.411
Rest of cohort 84 3.0(2.7)

Note: MLVI = Medication Level Variability Index
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Distribution of number of rejections per MLVI threshold

TABLE 4

Groups MLVI =225 (%) MLVI<25(%) p-value
Rejection 35 (74.5) 12 (25.5) <0.001
Rest of cohort 32 (31.1) 71 (68.9)

Rejection 35(74.5) 12 (25.5) <0.001
Biopsy performed, no rejection 27 (40.9) 39(59.1)

Biopsy performed, no rejection 27 (40.9) 39 (59.1) 0.412
Rest of cohort 40 (47.6) 44 (52.4)

Note: MLVI = Medication Level Variability Index
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TABLE 5

Page 23

MLVI cutoff values and associated sensitivity and specificity (based on Receiver Operating Curve analysis

results)
MLVI  Sensitivity (%)  Specificity (%)
1.0 96 13
18 92 48
20 77 60
2.6 58 72
3.0 46 79
3.5 31 82
4.0 31 87

Note: MLVI = Medication Level Variability Index
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