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Abstract

Nonadherence to immunosuppressant medications is a leading cause of poor long-term outcomes 

in transplant recipients. The Medication Level Variability Index (MLVI) provides a vehicle for 

transplant outcome risk-stratification through continuous assessment of adherence. The MALT 

(Medication Adherence in children who had a Liver Transplant) prospective multi-site study 

evaluated whether MLVI predicts Late Acute Rejection (LAR). 400 pediatric (1–17 year old) liver 

transplant recipients were enrolled and followed for 2 years. The a-priori hypothesis was that a 

higher MLVI predicts LAR. Pre-defined secondary analyses evaluated other outcomes such as 

liver enzyme levels, and sensitivity analyses compared adolescent to pre-adolescents. In the 

primary analysis sample of 379 participants, a higher pre-rejection MLVI predicted LAR [mean 

pre-rejection MLVI with LAR: 2.4 (3.6 SD) vs. without LAR, 1.6 (1.1); p=0.026]. 53% of the 

adolescents with MLVI>2 in year 1 had LAR by the end of year 2, as compared with 6% of those 

with year 1 MLVI≤2. A higher MLVI was significantly associated with all secondary outcomes. 

MLVI, a marker of medication adherence that uses clinically-derived information, predicts LAR in 

pediatric liver transplant recipients.
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Introduction

Liver transplantation is a life-saving, costly procedure that requires the use of a limited 

resource (the transplanted organ). To preserve this scarce resource, it is important to identify 

predictors of poor outcomes in recipients and, if possible, focus efforts to mitigate the 

increased risk. In pediatric liver transplant recipients, nonadherence to medications 

contributes to Late Acute Rejection (LAR) in up to 90% of cases1–11, and is associated with 

increased mortality5, making it perhaps the most important factor associated with poor 

outcomes in long-term survivors1. Indeed, research and clinical guidelines recommend a 

focus on adherence as a modifiable risk in liver transplant recipients.12–14 Therefore, it 

would seem logical to evaluate adherence as a risk-stratification tool. However, to our 

knowledge, continuous assessment of adherence is rarely, if ever, incorporated into practice.

There is no “gold standard” adherence measurement technique.15–17 Subjective methods 

such as patient reports are unreliable2,16 and are considered to be inferior to objective 

methods.18 On the other hand, objective methods, such as pill counts or electronic 

monitoring, frequently impose additional burden on the patient, and may require significant 

logistic support.19,20 Increased patient burden matters because nonadherent patients are not 

likely to cooperate with a procedure that increases their burden. A patient who finds it hard 

to take the medications as prescribed, will probably also find it hard to bring the pill bottle to 

clinic, or use an electronic monitor.19,20 Resource-allocation barriers as well as difficulties in 

engaging the very segment of the population that should be monitored,20 limits the use a 

robust adherence monitoring plan.18, 21, 22 There is particular interest in identifying simple 

objective methods allowing efficient targeting of at-risk patients via algorithms built into 

standard care.

We previously described an innovative method to detect nonadherence to medications using 

existing clinical data without additional patient burden: computing the standard deviation 

(SD) of consecutive blood levels of a medication over time. The resulting variable, the 

Medication Level Variability Index (MLVI,) reflects the degree of fluctuation between the 

levels. A higher MLVI means less consistent medication adherence4. Variability seems to be 

a more robust indicator of persistent (and clinically relevant) nonadherence as compared 

with one “out-of-range” level.23–25

MLVI has been described in retrospective single-center pediatric and adult transplant 

analyses1–11, 26–29, and has been used in pilot intervention studies27,28. The measure’s value 

in predicting LAR and other poor outcomes in a representative sample, an important 

attribute if quality of care is to be improved,30 has not been adequately investigated.

We report the primary results from MALT (Medication Adherence in children who had a 

Liver Transplant; ClinicalTrials.Gov registration # NCT01154075), a prospective pediatric 

multi-site study in 5 centers across the United States. Participants were followed for two 

years. The pre-defined primary hypothesis was that participants with a high MLVI would 

have a higher likelihood of subsequent LAR, assessed in a central masked review of liver 

biopsies. Sensitivity analyses sought to determine potential cutoffs, using Receiver-Operator 

Characteristic (ROC) curve analyses in adolescents as compared with all children, and to 

Shemesh et al. Page 2

Am J Transplant. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



evaluate the association between MLVI values and biochemical markers of liver injury. In 

practice, the MLVI would be continuously re-calculated every time a blood level is obtained 

(quarterly). To evaluate whether the MLVI would provide advance warning before LAR is 

experienced, we examined how much time took from the time the MLVI threshold was met 

at the end of year 1 until patients experienced a rejection in year 2 of the study.

Methods

Participants and follow-up

Children and adolescents were prospectively recruited from 5 pediatric liver transplant 

centers in the United States (Cincinnati Children’s Hospital Medical Center, Cincinnati OH; 

Mattell Children’s Hospital, UCLA, Los Angeles, CA; Lurie Children’s Hospital, Chicago, 

IL; Children’s Hospital of Pittsburgh of UPMC, Pittsburgh, PA; and Mount Sinai Medical 

Center, New York, NY). Each participant was followed for 2 years. Adherence studies 

frequently suffer from selection bias21. To mitigate bias, the investigative team compared the 

rate of rejection in MALT with the rate of rejection reported in a national database of 

transplant centers: Studies in Pediatric Liver Transplantation, SPLIT,31 during and after 

enrollment. SPLIT collects data on children undergoing liver transplant in 44 transplant 

centers in the US and Canada. We aimed to identify a similar rejection rate in MALT as 

compared to SPLIT. In addition, since outcome clinical data were gathered during usual 

care, patient burden was minimized, reducing the likelihood of attrition and selection bias. 

To evaluate selection bias in the resulting sample, in addition to the SPLIT comparison, key 

characteristics of subjects who were not approached or approached and declined to consent 

were compared to those who consented.

Inclusion/exclusion criteria

The study was approved by the respective IRB’s of all participating institutions and involved 

guardian’s consent and child assent when relevant. Inclusion criteria were:

1. Age 1–17 years old at enrollment,

2. Receipt of a liver transplant at least one year prior to enrollment (we excluded 

recipients in the first year since transplant since variability in levels in this period 

is more likely to be affected by graft dysfunction and by variable prescription 

practices, not by patient adherence),

3. Tacrolimus is prescribed.

4. Participants had to be seen at the enrolling center at least once in the two years 

prior to enrollment, to ensure completeness of data.

Exclusion criteria were:

1. More than one transplant (including bone marrow replacement),

2. Biopsy-proven rejection within the past six months from enrollment (to ensure 

that pre-existing rejection is not the immediate reason for fluctuation in 

medication levels),
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3. Hepatitis C (as hepatitis C infection in transplant recipients might affect 

tacrolimus prescription practices),

4. Instructed by a physician not to obtain tacrolimus levels for at least one year,

5. Participants who were seen only for consultation (with most or all of the child’s 

routine care is provided at another center), to ensure that follow-up is occurring 

at the center of record,

6. Medically unstable/hospitalized at the time of enrollment (because of concerns 

about inability to provide informed consent/assent),

7. Participant or guardian who were actively psychotic or severely disoriented due 

to any cause, including hepatic encephalopathy (temporary exclusion) or had 

been diagnosed with moderate or severe mental retardation as defined in the 

Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV).

The Medication level Variability Index (MLVI)

MLVI was calculated as the Standard Deviation of a set of at least 3 tacrolimus trough blood 

levels for each participant, as described elsewhere.29 Tacrolimus trough levels are routinely 

obtained, at least quarterly, as standard care in all participating centers. Centers 

prospectively reported conditions that might lead to changed drug absorption or metabolism. 

At the outset of the study, we compiled a list of medications that might interact with 

tacrolimus to change its level (supplement 1), and centers reported whenever patients were 

prescribed those medications.

Primary outcome measure

The primary outcome measure was LAR, as determined by two independent readings in a 

central pathology lab at Children’s Hospital of Pittsburgh, using Banff consensus criteria.32 

All for cause biopsies performed during the study period on study participants were 

reviewed by the central pathologists, who were masked to the clinical course of the 

participant. If the central pathologists disagreed, the case was adjudicated by the senior 

study pathologist. For each participant, if there was at least one biopsy-proven episode of 

rejection during the study period, it was entered as a “positive rejection” in the primary 

analysis.

Secondary outcome measures

The predefined secondary outcomes included the following:

1. Biopsy-read rejection as determined at the site.

2. Increase in immunosuppressant prescription dose in response to suspected 

rejection in absence of a biopsy.

3. Serum levels of Alanine Aminotransferase (ALT) and Gamma-Glutamyl 

Transferase (GGT), operationalized as continuous variables (mean per 

participant) and as the highest value during the study period.

4. Organ failure or death.
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Analysis

Sample size calculations, using extensive pre-trial data, confirmed that a rejection rate of 

10% in a sample size of 300 participants would be required to detect a difference in MLVI 

scores as small as 0.81 with 80% power and type I error rate of 5% using a two-sided t-test. 

We assumed a 25% attrition rate and therefore aimed at a sample size of 400. Our statistical 

analysis plan, which was locked before the analyses, is provided as a supplement. For the 

primary analysis, only tacrolimus levels obtained before the index rejection were entered, to 

ensure that the study examines the MLVI as predictor of rejection (rather than a general 

association); non-parametric Wilcoxon rank Sum test was used to compare the distribution 

of MLVI between centrally-read rejection vs no rejection groups. To evaluate the predefined 

MLVI cut-off of 2.5 as a predictor of rejection, Fisher’s exact test was used. The primary 

“prediction” analysis, by design, used only pre-rejection levels to calculate MLVI, but in 

exploratory analyses we also used all available levels to determine whether a higher MLVI is 

associated with rejection if all levels are used. To look at the effect of time, we describe 

MLVI when calculated on a “rolling” basis (recalculated for each participant every quarter), 

and also present the time that elapsed before the first year’s MLVI reached a threshold and 

subsequent (second year) rejections. In sensitivity analyses, MLVI as predictor of rejection 

was evaluated using the area under the curve (AUC). Multivariate logistic regression 

analysis was performed to evaluate the effect of additional covariates on the relationship 

between MLVI (dichotomous score using 2.5 as the cut-off) and central pathologist 

confirmed rejection. Evaluated baseline factors included primary diagnosis, age at baseline 

(enrollment in MALT), race, time from transplant to MALT enrollment, primary insurance 

(state/federal funded vs traditional private insurance), and center. The backward elimination 

method was used to develop the final multivariate model. To evaluate the possibility that the 

presence of “undetectable” blood levels could substitute for the MLVI as predictor, we 

repeated the primary analysis while substituting the MLVI with at least one “undetectable” 

level pre-rejection as the predictor of LAR.

To evaluate the possibility of selection bias, we compared the rate of rejection in MALT to 

that rate in SPLIT patients. 3,152 patients were enrolled into SPLIT until June 2009. In the 

first step we matched patients for age at transplant, gender, and primary liver disease. Next, 

we matched those patients on days since transplant at MALT enrollment. This resulted in 

951 unique SPLIT participants whose data served as the comparison group.

Undetectable levels—“Undetectable levels” were assigned the local laboratory’s lower 

limit of detection. When those limits were not available, we treated the data as “missing”. 

Missing data were not imputed, based on a detailed analysis of a different cohort.29

Results

Characteristics of the cohort

Chart review identified 644 potentially eligible patients at the five centers. Few patients 

refused to participate (CONSORT Figure 1), and therefore it was unnecessary to approach 

all of the potentially eligible patients to reach the pre-defined target (400 enrolled 

participants, 80 per site). Attrition was lower than anticipated; 379 evaluable participants 
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were available for the primary analysis. Select participant characteristics are presented in 

Table 1. A comparison between key characteristics of patients who were approached, 

consented or not, and those who were not approached is presented in table s1. The groups 

were similar regarding patients’ race, primary diagnosis, and gender. Patients who consented 

were transplanted at an average age of 2.9 years, whereas those who were approached but 

did not consent were transplanted at an average age of 3.2 years. At the conclusion of the 

study, the number of biopsy-read rejections per participant months of follow-up in MALT 

(0.005 rejection episodes/participant month of follow up) was identical to the number 

obtained from the SPLIT database for matched recipients (0.005). Center-level distribution 

of MLVI scores is presented in figure s1. The primary analysis evaluated a total of 4479 

tacrolimus levels obtained for 379 participants during the course of the study. There were 

only 2 “undetectable” levels for which the laboratory did not report the lower limit of 

detection.

Effect of concomitant medications, intercurrent illness, absorption or altered metabolism 
on MLVI

Centers prospectively reported clinically significant conditions that may have impacted drug 

absorption or metabolism in 8 participants (table s2). The mean MLVI for those participants 

was nearly identical to the MALT cohort mean (1.78 vs 1.70). One participant who had a 

high MLVI value (3.2) was confirmed as nonadherent based on a detailed pharmacy record 

review. Concomitant medications did not affect the MLVI. A detailed review of the clinical 

history of all cases with very high (2 SD above cohort mean) MLVI’s, conducted per 

protocol, did not identify clinical issues, including medication absorption or metabolism, 

that would explain the high MLVIs.

Primary and secondary analyses

In Table 2, the MLVI is used as a continuous variable or as a pre-defined dichotomy. Mean 

pre-rejection MLVI score among participants with LAR was 2.4 (SD 3.6), compared with 

1.6 (SD 1.1) in participants without LAR (p=0.026). When used either as a continuum or as 

the pre-defined threshold (MLVI>2.5), the MLVI was a significant predictor of all of the 

predefined (primary and secondary) rejection outcomes: central pathologist-read rejection, 

site-read rejection, and modification in immunosuppression because of suspicion of 

rejection. Table 3 shows a significant association between a high MLVI and a higher mean 

level of ALT or GGT or higher maximal level of ALT or GGT during the study period. 

There were no deaths or organ failure (re-transplantation) during the study period. Table s3 

shows that the presence of undetectable levels in and of itself was not predictive of rejection. 

Table 4 presents significant findings from the multivariate analyses; age at baseline and 

center were significant covariates in the final model. MLVI remained a significant predictor 

(OR 2.54 (1.17, 5.54), P=0.02). Table s4 presents patient characteristics by MLVI status.

Sensitivity analyses

We found an AUC of 0.61 (95% C.I. 0.51–0.70) for MLVI’s overall ability to predict LAR. 

The AUC for the adolescent (age>12 years old) group was higher (0.77; 95% C.I. 0.67 – 

0.88), as predicted (Figure 2). Thresholds of 2.5, 2.0. or 1.5 resulted in sensitivity of 0.6, 0.7, 

and 0.8 and specificity of 0.77, 0.73, and 0.59, respectively suggesting that the optimal 
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threshold for adolescents was 2 (not 2.5 as pre-defined for the primary analysis). When 

MLVI’s were calculated on a rolling basis, MLVIs were lower as well as more stable in 

younger children as compared with adolescents (table s5).

Effect of number of levels and dosing frequency on the MLVI

There was no significant difference between the number of levels used to calculate MLVI 

and the value of MLVI (Table 5). There was no significant difference in the number of blood 

levels used in the rejection vs. no-rejection groups (table s6). The number of levels used for 

analyses varied:for the predictor analyses, only the levels obtained before the event were 

used (table 2). When we repeated the analyses using all available levels, the MLVI remained 

significantly associated with LAR (table s7). Target tacrolimus levels, reported for each 

patient by the sites, were not associated with MLVIs. 29 patients in MALT had once-a-day 

dosing. 10.3% of those had an above-threshold MLVI, as compared with 19.1% of those 

with more than once a day dosing; p=0.33, Fisher-Exact test.

Time to rejection

An exploratory analysis, using a model which included year-1 MLVI data, found that 

adolescents who had an above-threshold MLVI in year 1 (>2, n=25) had a rejection rate of 

53% by the end of year 2, as compared with a rate of only 6% for adolescents who did not 

meet that threshold (n=71). 17 patients (all ages) who met the MLVI threshold in year 1 

developed LAR in year 2. For those patients, the average time from meeting the MLVI 

threshold to rejection was 193.4 days (SD = 101.0), and the median was 192.0 days (range, 

17–354 days). Our “time to rejection” analyses do not include pre-MALT data (which we do 

not have), and so it is quite possible that the MLVI has been high for a much longer period. 

Figure 3 presents the time to rejection for each of those patients. A rolling quarterly analysis, 

in which MLVI was recalculated each quarter in year 2, showed that only 6% of patients 

who reached the MLVI threshold in one quarter only had a rejection during the study period, 

as compared with 42% of those who reached that threshold in 4 quarters, showing that 

persistently elevated MLVI’s confer a higher risk

Discussion

This prospective multisite study found that the MLVI predicts LAR and is associated with 

liver injury in a representative cohort of 379 pediatric liver transplant recipients. MLVI 

predicts poor outcomes in any age group (primary analysis). Secondary analyses show that 

MLVI is a particularly robust predictor of rejection in adolescents. This may be because 

adherence is less stable in adolescents as compared with younger children whose medication 

taking is governed by their parents to a larger extent. Our results suggest that nonadherence 

is a more important risk in adolescents and that adherence monitoring in the transplant 

setting should concentrate on the adolescent age group.

MLVI is an inexpensive extension of clinical practice (it can be calculated from existing 

information in medical charts). Relying on clinical readings meant that we did not 

standardize the number and timing of blood levels, and left it to the centers’ discretion. The 

number of blood levels, however, was not associated with the value of MLVI. This suggests 
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that even patients who are nonadherent to medications do perform clinically-mandated blood 

tests as recommended. Our reliance on clinically-obtained information suggests that our 

results are likely to be generalizable to clinical settings. Since MLVI monitoring imposes no 

additional burden on the patient, it mitigates some aspects of selection bias that typically 

happens in adherence research,18,20,21 as demonstrated by the fact that the MALT sample 

was nationally representative inasmuch as LAR rates were considered. MLVI monitoring 

typically detects nonadherence months before LAR occurs. As a marker of behavior, it 

carries with it an implication to practice, as it pinpoints a specific risk that can be addressed 

by behavioral interventions27,28.

Most known objective measures of adherence, including electronic monitoring devices, are 

indirect measures, the use of which requires participants who are motivated to use the 

device. This motivation is likely to be lacking in nonadherent patients who, by definition, do 

not follow treatment recommendations, making it difficult to monitor those patients who 

need the monitoring the most.18,20 Combined approaches to measure adherence have been 

proposed, but not fully validated17,33,34 – they may increase burden on participants or 

clinicians.34 Whether combining MLVI with another measure confers an advantage could be 

examined in clinical settings.

MLVI is not the same as looking at just one level of a medication: not all factors that might 

affect a single level would also affect MLVI. For example, a stable absorption defect might 

affect a single level but not MLVI, “white coat” nonadherence is likely to be missed when 

looking at one level but it would be expected to be detected by MLVI, which would “flag” 

instances in which patients take too little or too much of the medication (e.g., right before a 

doctor’s visit). “White coat adherence” may be the reason that, in our cohort, the existence 

of low medication blood levels in and of itself did not predict LAR. Since MLVI did predict 

LAR, our data suggest that “white coat adherence” is not an important factor when MLVI is 

considered.

MALT data show that the MLVI is not sensitive to metabolic or absorption anomalies. We 

also observed that MLVI is lower and more stable in younger children who would be 

expected to have more variability in absorption or metabolism of tacrolimus, and that MLVI 

is not affected by common drug-drug interactions. When used as a threshold, MLVI is not 

affected by common prescription practices7, and it was found to be correlated with 

electronic monitoring of adherence35 and with a multidisciplinary panel assessment of 

adherence2. MLVI values have been responsive to behavioral interventions.27,28 In the 

aggregate, therefore, those data establish that the index primarily measures a behavioral 

construct (adherence) and not a genetic or physiologic variability in drug metabolism or 

absorption. It is possible that some extent of medication level fluctuation would be due to 

factors other than nonadherence, such as dietary preferences. Because of that, we believe 

that MLVI should be used as a threshold construct and not as a continuous number.

Limitations of the study include that both rejections and blood tests were obtained clinically 

and not by a predetermined protocol, and the fact that, in the absence of an intervention 

component in the MALT study, it is impossible to determine with certainty whether MLVI 

monitoring can result in clinical benefits. However, the finding that MLVI provides ample 
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warning before the rejection would be expected to occur suggests that it can have substantial 

clinical utility. The MLVI concept is generalizable to adult recipients29 as well as, 

potentially, to other clinical contexts in which medication levels are reflective of exposure to 

a medication.

A recent study36 found that a reminders-based intervention resulted in a substantial 

improvement in electronic monitor (VITALITY GLOWCAP ©) readings, but did not result 

in improvements in medication levels (or variability). The impact on clinical outcomes is not 

reported in this study. In contrast, pilot intervention efforts and MALT results suggest that 

MLVI scores, as well as changes in MLVI, are closely related to clinical transplant 

outcomes. Electronic monitors can provide “real time” information, which may be useful in 

select cases such as with elderly patients who have a genuine memory loss and need daily 

reminders. Since MLVI utilizes existing chart information, is cheap, and can predict 

outcomes, it seems to be particularly suitable for a broad clinical monitoring program. 

Electronic monitors, or other relatively elaborate methods, might help in selective settings or 

as a way to enhance certain intervention strategies.

This prospective, hypothesis-driven multi-site study has shown that MLVI, an inexpensive, 

simple extension of clinical practice, predicts LAR in a nationally representative sample of 

pediatric liver transplant recipients. MLVI did not predict all rejections in the cohort, and 

certainly should not be used in lieu of sound clinical judgment or other modes of transplant 

risk assessment. Yet, the MLVI emerges as one of the very few proven biomarkers of 

outcome in liver transplant recipients. A robust intervention trial that uses MLVI to target 

patients at-risk is needed before a firm recommendation can be made about the optimal way 

to use this biomarker. Until such information is available, our results and pilot intervention 

data27,28 suggest that MLVI monitoring, which is consistent with widely applied 

measurement theory,37 could inform the delivery of tailored behavioral interventions in a 

personalized-care paradigm.

Supplementary Material
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D Duodenitis

D-MELD MELD plus added donor characteristics Scale

DSM-IV Diagnostic and Statistical Manual of mental Disorders, 4th Edition

GGT Gamma-Glutamyl Transferase

IRB Institutional Review Board

LAR Late Acute Rejection

MALT Medication Adherence in children who had a Liver Transplant

MELD Model for End-Stage Lived Disease Scale

MLVI Medication Level Variability Index

ROC Receiver-Operator Characteristic (curve analysis)

RV Rotavirus

SD Standard Deviation

SG Short Gut

SPLIT Studies in Pediatric Liver Transplantation (consortium)

SOFT Survival Outcomes Following Liver Transplantation

TRI Transplant Risk Index Scale

UC Ulcerative Colitis
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FIGURE 1. Consort Diagram
* As of October 2013. One patient turned out to be ineligible because he had a previously 

undocumented transplant; this patient was not included in analyses.
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FIGURE 2. 
Receiver-Operator Characteristic Curve for prediction of centrally read rejection in 

participants.
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FIGURE 3. 
time to rejection.
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Table 1

sample characteristics

Characteristics

Central Pathologist Assigned Rejection

Total (N=400)Yes (N=43) No (N=357)

Total participants 43 (100.0%) 357 (100.0%) 400 (100.0%)

Primary diagnosis

 Biliary Atresia 18 (41.9%) 175 (49.0%) 193 (48.3%)

 Other Cholestatic 5 (11.6%) 30 (8.4%) 35 (8.8%)

 Acute Liver Failure 7 (16.3%) 34 (9.5%) 41 (10.3%)

 Metabolic 7 (16.3%) 53 (14.8%) 60 (15.0%)

 Tumor 3 (7.0%) 31 (8.7%) 34 (8.5%)

 Autoimmune Hepatitis 1 (2.3%) 2 (0.6%) 3 (0.8%)

 Other 2 (4.7%) 32 (9.0%) 34 (8.5%)

Age at transplant

 < 1 year 13 (30.2%) 156 (43.7%) 169 (42.3%)

 1–4 years 15 (34.9%) 130 (36.4%) 145 (36.3%)

 5–12 years 11 (25.6%) 67 (18.8%) 78 (19.5%)

 13–17 years 4 (9.3%) 4 (1.1%) 8 (2.0%)

Age at baseline (years)

 N 43 357 400

 Mean (SD) 10.7 (5.0) 9.5 (4.4) 9.6 (4.5)

 Median (Min, Max) 12.3 (1.9, 17.8) 9.5 (1.4, 18.0) 9.7 (1.4, 18.0)

Gender

 Male 12 (27.9%) 177 (49.6%) 189 (47.3%)

 Female 31 (72.1%) 180 (50.4%) 211 (52.8%)

Race

 American Indian or Alaska Native 0 1 (0.3%) 1 (0.3%)

 Asian 4 (9.3%) 21 (5.9%) 25 (6.3%)

 Black or African American 11 (25.6%) 45 (12.6%) 56 (14.0%)

 Native Hawaiian or Pacific Islander 1 (2.3%) 1 (0.3%) 2 (0.5%)

 White or Caucasian 22 (51.2%) 246 (68.9%) 268 (67.0%)

 Other 1 (2.3%) 24 (6.7%) 25 (6.3%)

 More than one race 1 (2.3%) 2 (0.6%) 3 (0.8%)

 Not reported 3 (7.0%) 17 (4.8%) 20 (5.0%)

Donor organ type

 Deceased whole liver 22 (51.2%) 159 (44.5%) 181 (45.3%)

 Deceased technical variant (reduced and split) 11 (25.6%) 117 (32.8%) 128 (32.0%)

 Living 10 (23.3%) 81 (22.7%) 91 (22.8%)

Surgical procedure

 Orthotopic 43 (100.0%) 355 (99.4%) 398 (99.5%)

 Heterotopic 0 2 (0.6%) 2 (0.5%)

Primary insurance
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Characteristics

Central Pathologist Assigned Rejection

Total (N=400)Yes (N=43) No (N=357)

 Medicaid or equivalent and/or state funded children’s services 21 (48.8%) 135 (37.8%) 156 (39.0%)

 HMO/managed care 12 (27.9%) 89 (24.9%) 101 (25.3%)

 Traditional private insurance 8 (18.6%) 86 (24.1%) 94 (23.5%)

 Champus (military) 0 4 (1.1%) 4 (1.0%)

 None: self pay 0 28 (7.8%) 28 (7.0%)

 None: no funding 1 (2.3%) 3 (0.8%) 4 (1.0%)

 Other 1 (2.3%) 12 (3.4%) 13 (3.3%)

Primary caregiver

 Mother 40 (93.0%) 311 (87.1%) 351 (87.8%)

 Father 3 (7.0%) 37 (10.4%) 40 (10.0%)

 Guardian 0 5 (1.4%) 5 (1.3%)

 Other 0 4 (1.1%) 4 (1.0%)

Primary caregiver’s marital status

 Missing 0 3 (0.8%) 3 (0.8%)

 Single-parent household 10 (23.3%) 70 (19.6%) 80 (20.0%)

 Two-parent household 33 (76.7%) 284 (79.6%) 317 (79.3%)

Primary caregiver’s highest level of education

 Missing 0 22 (6.2%) 22 (5.5%)

 Some high school or less 5 (11.6%) 38 (10.6%) 43 (10.8%)

 High school degree/GED 16 (37.2%) 81 (22.7%) 97 (24.3%)

 Vocational school or some college 7 (16.3%) 70 (19.6%) 77 (19.3%)

 College degree 12 (27.9%) 103 (28.9%) 115 (28.8%)

 Professional or graduate degree 3 (7.0%) 43 (12.0%) 46 (11.5%)

Time since transplant at enrollment into MALT (years)

 N 43 357 400

 Mean (SD) 5.7 (4.7) 6.9 (4.3) 6.8 (4.4)

 Median (Min, Max) 3.4 (1.0, 16.7) 6.0 (1.0, 17.4) 5.9 (1.0, 17.4)
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TABLE 2

Primary (centrally read rejection), and secondary (site biopsy results, and modified immunosuppressive 

therapy because of suspicion of rejection) outcomes.

MLVI = Medication Level Variability Index *”n”‘s differ slightly because MLVI’s have been computed as the 

standard deviation of at least 3 blood levels obtained prior to rejection; depending on the method rejection was 

determined, a few cases might not have reached the “3 levels” threshold before the rejection and were 

therefore not included in the analysis.

Central Pathologist Assigned Rejection

Total (N=379) P ValueYes (N=39) No (N=340)

PRIMARY: MLVI as continuous variable

 Mean (SD) 2.4 (3.6) 1.6 (1.1) 1.7 (1.6) 0.026

 Median (Min, Max) 1.8 (0.0, 23.1) 1.3 (0.1, 10.0) 1.3 (0.0, 23.1)

MLVI > 2.5 12 (30.8%) 58 (17.1%) 70 (18.5%) 0.048

Number of Tacrolimus Levels per Participant

 Mean (SD) 10.4 (6.6) 12.0 (6.6) 11.8 (6.6) 0.072

 Median (Min, Max) 9.0 (3.0, 27.0) 10.0 (3.0, 53.0) 10.0 (3.0, 53.0)

Duration (Days from enrollment) to Rejection

 Mean (SD) 379.9 (203.4)

 Median (Min, Max) 382.0 (64.0, 709.0)

Participants With Intensified Immunosuppressive Therapy Whether Or Not 
Rejection Was Diagnosed Via Biopsy

Total (N=382) P ValueYes (N=42) No (N=340)

MLVI

 Mean (SD) 2.5 (3.5) 1.6 (1.1) 1.7 (1.6) 0.0040

 Median (Min, Max) 2.1 (0.0, 23.1) 1.3 (0.1, 10.0) 1.3 (0.0, 23.1)

MLVI > 2.5 16 (38.1%) 54 (15.9%) 70 (18.3%) 0.0012

Number of Tacrolimus Levels per Participant

 Mean (SD) 10.3 (5.9) 11.8 (6.4) 11.7 (6.4) 0.108

 Median (Min, Max) 9.0 (3.0, 24.0) 10.0 (3.0, 53.0) 10.0 (3.0, 53.0)

Duration (Days from enrollment) to Intensified Immunosuppressive Therapy*

 Mean (SD) 369.3 (205.1)

 Median (Min, Max) 351.0 (64.0, 709.0)

Local Biopsy Diagnosed Rejection

Total (N=380) P ValueYes (N=34) No (N=346)

MLVI

 Mean (SD) 2.6 (3.8) 1.6 (1.1) 1.7 (1.6) 0.0068

 Median (Min, Max) 2.0 (0.0, 23.1) 1.3 (0.1, 10.0) 1.3 (0.0, 23.1)
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Local Biopsy Diagnosed Rejection

Total (N=380) P ValueYes (N=34) No (N=346)

MLVI > 2.5 11 (32.4%) 58 (16.8%) 69 (18.2%) 0.0343

Number of Tacrolimus Levels per Participant

 Mean (SD) 11.2 (6.5) 12.0 (6.5) 11.9 (6.5) 0.443

 Median (Min, Max) 9.0 (3.0, 27.0) 10.0 (3.0, 53.0) 10.0 (3.0, 53.0)

Duration (Days from enrollment) to Rejection

 Mean (SD) 383.9 (196.8)

 Median (Min, Max) 388.5 (76.0, 706.0)

*
One participant in the “Yes” group has immuno-suppressive modification date missing.
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TABLE 3

Relationship between MLVI> 2.5 and Predefined Secondary Liver Outcomes

MLVI = Medication Level Variability Index

Characteristicss

MLVI > 2.5

Total P Value 1Yes No

Maximum ALT (U/L)

 N 70 309 379 <.0001

 Mean (SD) 147.4 (155.9) 83.0 (112.1) 94.9 (123.7)

 Median (Min, Max) 81.0 (13.0, 701.0) 41.0 (13.0, 774.0) 46.0 (13.0, 774.0)

Mean ALT (U/L)

 N 70 309 379 <.0001

 Mean (SD) 53.8 (39.0) 34.8 (24.6) 38.4 (28.7)

 Median (Min, Max) 41.5 (11.2, 180.3) 26.1 (10.8, 177.0) 27.9 (10.8, 180.3)

Maximum GGT (U/L)

 N 70 309 379 <.0001

 Mean (SD) 222.5 (370.3) 76.5 (124.4) 103.5 (202.2)

 Median (Min, Max) 75.0 (12.0, 2394) 29.0 (8.0, 871.0) 33.0 (8.0, 2394)

Mean ALT (U/L)

 N 70 309 379 <.0001

 Mean (SD) 105.2 (158.1) 39.1 (55.4) 51.3 (87.9)

 Median (Min, Max) 42.3 (9.1, 659.4) 18.6 (6.5, 359.8) 20.7 (6.5, 659.4)

1
Non-parametric Kruskal-Wallis test was performed.
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Table 5

Number of Tacrolimus Levels per Participant Used in the Primary Analysis, and MLVI Scores

MLVI Scores

Total P Value 1Less than or equal to 2.5 Greater than 2.5

Numer of Blood Levels Records per Participant

 N 309 70 379 0.1032

 Mean (SD) 11.5 (6.4) 13.1 (7.3) 11.8 (6.6)

 Median (Min, Max) 10.0 (3.0, 53.0) 12.0 (3.0, 38.0) 10.0 (3.0, 53.0)

1
Two sample t test performed to determine relationship between total number of TLV records per participant and MLVI scores (>2.5 and <=2.5).
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