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Abstract

Aim The study aim is the validation of two algorithms of Limited Sampling Strategy (LSS) for the quantification of Mycophe-
nolic Acid (MPA) Area under the plasma concentration-time curve from 0 to 12h (AUC0-12h) in a cohort of non-selected
Heart Transplant (HTx) recipients treated, as standard clinical practice, with Mycophenolate Mofetil (MMF) combined with
Cyclosporine (CsA), or Tacrolimus (TAC). These two LSSs were previously tested and validated by Baraldo et al. in a cohort
of selected HTx recipients 1,2. The value of MPA AUC0-12h (real and estimated with LSSs) among non-rejected (NR) and
rejected (R) patients were evaluated. Methods Linear regression and Bland Altman Analysis validated two LSSs methods
(named LSS3 and LSS4 by number of blood samples used). The value of MPA AUC0-12h between NR and R patients were
compared by Mann-Whitney test. Results The validation reports positive results for LSS3 and LSS4 according to linear re-
gression (r=0.91 and 0.94 and R2=0.84 and 0.88, respectively) and Bland Altman Analysis (p=0.04 and 0.04). There was a
difference of borderline statistically significance (p=0.06) for the median value of MPA AUC0-12h (mg×h/L) between NR and
R patients (46.60; Interquartile Range (IQR): 34.80-64.10 vs 33.70; IQR: 23.60-48.25); whereas the difference was statistically
significant for both LSS3 and LSS4 (p=0.03 and 0.04). Conclusion The capability of these two LSSs to estimate MPA AUC0-12h
in cohort of non-selected HTx recipients and the suggestion of a significant difference on MPA AUC0-12h between NR and R
patients, confirm the importance of MPA quantification in the clinical field.
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What is already known about this subject:

Many Limited Sampling Strategies (LSSs) for Mycophenolic Acid (MPA), were determined for solid organ
transplantation, because of the correlation of MPA exposure and the clinical outcome;

The Therapeutic drug monitoring of MPA is executed mainly in specialized Hospital trough the pre-dose
measurement that is not sufficiently predictive of treatment outcome.

What this study adds:

This study verifies the capability of two LSSs to estimate MPA exposure in a non-selected cohort of Heart
Transplant recipients, in a common clinical practice situation, confirming the dependence of MPA exposure
with clinical outcome and providing useful tool for routine practice application.

Abstract

Aim

The study aim of is the validation of two algorithms of Limited Sampling Strategy (LSS) for the quantification
of Mycophenolic Acid (MPA) Area under the plasma concentration-time curve from 0 to 12h (AUC0-12h)
in a cohort of non-selected Heart Transplant (HTx) recipients treated, as standard clinical practice, with
Mycophenolate Mofetil (MMF) combined with Cyclosporine (CsA), or Tacrolimus (TAC). These two LSSs
were previously tested and validated by Baraldo et al. in a cohort of selected HTx recipients1,2.

The value of MPA AUC0-12h (real and estimated with LSSs) among non-rejected (NR) and rejected (R)
patients were evaluated.

Methods

Linear regression and Bland Altman Analysis validated two LSSs methods (named LSS3 and LSS4 by
number of blood samples used). The value of MPA AUC0-12h between NR and R patients were compared by
Mann-Whitney test.

Results

The validation reports positive results for LSS3 and LSS4 according to linear regression (r =0.91 and 0.94
and R2=0.84 and 0.88, respectively) and Bland Altman Analysis (p =0.04 and 0.04). There was a difference
of borderline statistically significance (p =0.06) for the median value of MPA AUC0-12h(mg×h/L) between
NR and R patients (46.60; Interquartile Range (IQR): 34.80-64.10 vs 33.70; IQR: 23.60-48.25); whereas the
difference was statistically significant for both LSS3 and LSS4 (p =0.03 and 0.04).
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. Conclusion

The capability of these two LSSs to estimate MPA AUC0-12h in cohort of non-selected HTx recipients and the
suggestion of a significant difference on MPA AUC0-12h between NR and R patients, confirm the importance
of MPA quantification in the clinical field.

Introduction

Mycophenolate Mofetil (MMF) is a widely used immunosuppressive drug for the treatment of Heart Trans-
plant (HTx) 3. It is frequently administered in association with Cyclosporine (CsA) or Tacrolimus (TAC)
and prednisone. MMF is a pro-drug and after oral administration, is rapidly metabolized to its active form
Mycophenolic Acid (MPA), which inhibits inosine-5’-monophosphate dehydrogenase (IMPDH), a key enzy-
me of the de novo purine synthesis. This block causes the arrest of the proliferation of T- and B-cells 4.
From a Pharmacokinetic (PK) point of view, there is evidence that MMF presents a high inter-subjects and
intra-subject variability5. After chronic administration, an increase of the MPA exposure after the first 3
months from transplantation was noted. The exposure to the drug could increase from 30–80%5. For this
reason, the execution of TDM could be an effective strategy to maximize the efficacy of the treatment also
reducing the risk of toxicity. Several studies have suggested the importance of MPA TDM in renal, heart
or lung transplants recipients6 5. It has been evidenced that the PK parameter that better correlates with
the treatment outcome is represented by MPA Area under the plasma concentration-time curve from zero
to 12h (AUC0-12h) 57. For this parameter it was to determine the exact therapeutic range for renal trans-
plant patients (30-60 mg×h/L), but some authors evidenced possible therapeutic thresholds also for thoracic
transplant patients 8. The single time point measurement, indeed, are not sufficiently predictive of patients
outcome8. It was demonstrated a > 10-fold range variation in MPA AUC0-12h dose-normalized between pa-
tients in heart, renal and liver transplantation 9and several studies show that MPA levels correlate to risk
of rejection10 11.

LSSs represent an algorithm-based strategy able to predict the entire AUC0-12h without the necessity of
sampling all the time points’ concentrations after drug administration, limiting the sampling to a reduced
number of time points, usually three or fewer. It has been noted in a recent Consensus Meeting that LSSs re-
presented the most relevant strategies in solid organ transplantation for dosage individualization 8. Recently,
Baraldo et al. resumed the state of the art of MPA LSSs in heart transplant patients12. In this retrospective
study we validated two algorithms of LSSs, previously tested and validated by Baraldo et al.1 2, in a hete-
rogeneous cohort of patients treated either with MMF + CsA and MMF + TAC and with different clinical
situations. Then, we analyzed patient’s MPA AUC0-12h to verify if this PK parameter could represent a
predictive or prognostic marker in terms of acute cellular rejection (ACR).

Methods

Study characteristics

This is an observational, retrospective cohort study. The study was performed at the University Hospital of
Udine, in Italy. The study was approved by the Internal Review Board (I.R.B.) of the Commission for the
Experimentation and Protection of Human Subjects of the Department of Medical Area of the University of
Udine with the protocol number: 036/2020_IRB.

The study includes 35 HTx recipients previously treated as standard clinical practice with MMF + CsA
or MMF + TAC, and Prednisone, at the University Hospital of Udine, and routinely monitored for MPA
quantification in the period starting from 01/01/2011 to 31/12/2019. The patients enrolled in the study
must be HTx recipients, over the age of 18 years old, and treated with MMF and either CsA or TAC and
Prednisone. Patients treated with immunosuppression drugs other than MMF, CsA and TAC, or with the
absence of necessary information for the study in the clinical records or with absence of informed consent
for clinical, epidemiological research, training and study of pathologies were excluded from the study. All
consecutive HTx recipients in the study period who met inclusion/exclusion criteria were included in the
analysis. The post-transplantation time ranged from 0.1 to 17.7 years, with a mean of 3 years and a very high

3



P
os

te
d

on
A

u
th

or
ea

12
A

p
r

20
21

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

81
86

35
.5

56
61

37
5/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. variability (± 4.5 years). The group patient characteristics are given in Table 1 . All HTx recipients received
a standard triple immunosuppressive therapy: MMF in combination with CsA or TAC and prednisone. The
posology regimen of MMF varied from 1000 to 3500 mg/day, with a mean of 1785.7 mg/day (± 559.5). While
the mean CsA dose was 2.4 mg/kg/day (± 1.2) p.o. in 2 divided doses, mean TAC dose was 0.2 mg/kg/day
(±0.05). Patients did not receive drugs known to cause any relevant pharmacokinetic interactions with MPA.
Patients were asked to take their usual morning dose of MMF after having a standard meal. Patients had not
changed the therapeutic regimen for 30 days and were at the steady state for MMF. After written informed
consent was obtained, 8 venous samples were collected for the analysis of MPA plasma concentrations. For
MPA assays, blood samples were collected in EDTA tubes at 0 (pre-dose), 0.5, 1.25, 2, 4, 6, 8, and 12 hours
after the morning dose. Separation of plasma was performed immediately in a centrifuge at 4°C. Plasma MPA
concentration was measured using validated HPLC/UV method 13 . The laboratory reported the following
parameter for the HPLC/UV method used for MPA quantification: limit of detection: 0.1 μg/mL; linearity
between 0.1 and 40 μg/mL (R2: 0.9988); intrabatch imprecision (CV): 3.15%, 1.55%, and 1.76% at MPA
plasma concentrations of 1.5, 5.0, 15.0 μg/mL, respectively; inter-batch imprecision (CV): 3.41%, 3.21%,
and 1.92% at MPA plasma concentrations of 1.5, 5.0, 15.0 μg/mL, respectively; overall inaccuracy (% Bias)
of the procedure: ranged from 8.7% to 13.6%. All MPA AUC0–12h values were calculated using the linear
trapezoidal rule.

The clinical outcome intended as the incidence of allograft rejection (R or NR) were evaluated by the
physician through endo-myocardial biopsies executed as standard clinical practice and classified according
to the International Society for Heart and Lung Transplantation (ISHLT) standardized grading method 14.
The degree of toxicity will be defined according to the Common Terminology Criteria for Adverse Events
(CTCAE v4.0).

Algorithms validation

The two algorithms used for MPA AUC0-12h evaluation were the followings: LSS3: MPA AUC0-12h = 5.568
+ 0.902× C1.25h + 2.022 × C2h + 4.594× C6h; LSS4: MPA AUC0-12h = 3.800 + 1.015 × C1.25h + 1.819 ×
C2h + 1.566 × C4h + 3.479 × C6h. We validated the two LSSs methods with linear regression Analysis and
Bland Altman Analysis15 16. To assessing bias and imprecision of the LSSs, we evaluated the Mean Percentage
Prediction Error (ME%), the Percentage of The Root Mean Squared Prediction Error (RMSE%), the Median
Percentage Predictive Error (MPPE%), and the Median Absolute Percentage Predictive Error (MAPE%)15.

Statistical consideration

Descriptive statistical analyses were conducted for all the study variables, reporting position (e.g., mean,
median) and variability indexes (e.g., min-max, SD, interquartile range). Regarding the primary objectives,
the two methods of LSS were validated by linear regression analysis and Bland Altman analysis, as recom-
mended by the literature15 16. All the analyses were performed with Medcalc Software version 19.7.2 ® (2020
MedCalc Software Ltd). Regarding linear regression analysis (least square method), slope and intercept were
reported with the corresponding 95% confidence intervals (CI). The r was calculated to evaluate the linear
correlation between numerical variables (considering the following categories for the absolute value of r(|r|):
< 0.5 weak correlation, 0.5 - 0.8 moderate correlation, and > 0.8 strong correlation). The Coefficient of
determination (R2) was reported to verify the goodness of fit of the linear regression (it ranges from 0 to 1,
where 1 indicates perfect fit of the regression line).

Regarding the secondary objectives, the real MPA AUC0-12h values and those calculated with the two LSSs
strategy between patients reporting NR and R patients were tested. The non parametric Mann-Whitney test
was used to compare the study groups.P values of a 2-sided test less than 0.05 was considered as statistically
significant.

Results

Patients characteristics

Demographical, anthropometrical, and pharmacological characteristic of patients enrolled in this study are
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. resumed in Table 1 . 35 patients were enrolled into the study, of which 23 (65.7%) were treated with MMF
+ CsA, and 12 (34.3%) with MMF + TAC. Gender distribution was 28 (80%) male and 7 (20%) female
respectively. The patients enrolled presented a normal renal and hepatic functionality.

Of 35 patients treated, 15 patients (42.9%) experienced ACR of which 10 were treated with MMF + CsA
(66.6%) and 5 with MMF + TAC (33.3%). Grade of rejection revealed ranged from mild to severe (grade
1R-3R), and the time of rejection post-transplant present a high variability among the patients enrolled
Table 2.

Method Validation

The performance of the equation for both LSS3 and LSS4 was evaluated determining ME% and RMSE% as
reported by Scheiner et al.15. Furthermore, MPPE% and the MAPE% was also determined. A low tendency
of underestimation of the value of AUC0-12h by LSS3 and LSS4 evaluating ME% for mean values (-4.1 %;
-3.2%, respectively) and MPPE% for median values (-2.6%; -0.6%, respectively) was also evidenced. Precision
of LSS3 and LSS4 was tested evaluating RMSE% for mean values (19.2%; 15.8%, respectively), and MAPE%
for median values (13.2%; 11.4%, respectively).

By the evaluation of the linear regression analysis, it was evidenced that both LSS3 and LSS4 methods can
effectively predict the values of MPA AUC0-12h (slope = 1.14; 95% CI: 0.96 to 1.31; 1.18; 95% CI: 1.02 to 1.34)
(intercept = -1.79; 95% CI: -9.89 to +6.30; -4.18; 95% CI: -11.30 to 2.95), for LSS3 and LSS4, respectively.
The value of r stated for both LSSs methods a strong correlation between the real MPA AUC0-12h and the
AUC0-12hdeterminate with both LSSs methods (Figure 1 (A)(C) ). Finally, the R2 (0.84; 0.88, for LSS3
and LSS4, respectively) indicates a good fit of the regression line for both methods.

Bland Altman analysis for LSS3 and LSS4 revealed positive results for both methods (p =0.04 and 0.04).
Bland Altman Plot is reported inFigure 1(B)(D) . The plot shows that the data are arranged almost totally
within the range +/- 1.96 * SD. The visual inspection of the plot does not reveal any particular pattern, thus
excluding other types of bias. This was also assessed by analyzing the linear dependence of the dots in the
Bland Altman plot using linear regression, reporting the following results for LSS3 and LSS4 respectively
(slope = 0.23; 95% CI: 0.08 to 0.37; 0.24; 95% CI: 0.11 to 0.36), and (r = 0.47, 0.55) (R2 = 0.22; 0.31). These
results do not indicate linear dependence. This evidence was confirmed by a further analysis performed by
eliminating the so-called ”outlier”, as being the only point very out of the range +/- 1.96 * SD could tilt
the regression line. The results of the analysis highlighted even lower slope, r and R2 values for LSS3 and
LSS4 respectively (slope = 0.12; 95% CI: -0.06 to 0.29; 0.13; 95% CI: -0.01 to 0.27) (r = 0.24; 0.31) (R2 =
0.06; 0.10). These results confirm that there was no dependence between the mean of the measures and the
difference of the measures.

Analysis of patient’s data

Rejection

The demographical and clinical data of patients experiencing ACR are reported in Table 2 . MPA AUC0-12h

median value (mg×h/L) was within the therapeutic range but in the lowest part.

Even if almost all the MPA AUC0-12h values were distributed within the range, a difference of borderline
statistical significance between MPA AUC0-12h median values between NR and R patients emerged (p =
0.06). (Table 3, Figure 2 (A) ). Whereas differences of statistical significance were obtained with LSS3
and LSS4, respectively (p= 0.02; 0.04) (Table 3, Figure 2 (B) (C) ).

Discussion

Despite the well-known pharmacological rationale suggesting an important influence of MPA TDM on treat-
ment clinical outcome, the execution of MPA TDM in clinical practice is the debate still ongoing7. One of
the most practical reasons is the determination of the entire AUC0-12h which is costly and time consuming.
Furthermore, the impact of MPA TDM on HTx patients has not been studied in detail if compared to renal
transplant patients, because at this moment larger prospective randomized trials aimed to find the exact
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. relationship between exposure and outcome have not been executed. The most up to date systematic review
of the literature has been reported by Zuk et al.. It suggests that the relationship between MPA levels and
rejection in HTx patients is not totally defined, but that LSS may be a better assessment strategy to prevent
rejection than a single-time point model 17.

In this study two LSSs obtained in a population of HTx patients treated with MMF + CsA, in a heterogenic
population of HTx treated either with MMF + CsA or MMF + TAC were validated. Both the two methods
revealed to be precise and accurate for the estimation of the entire AUC0-12h Figure 1 . Furthermore, if
we compared the values of ME% and RMSE% with the previous validation executed by Baraldo et al. 2,
we evidenced comparable results in terms of ME% (-4.1% vs -4.9% for LSS3 and -3,2% vs-3.6% for LSS4,
respectively) and RMSE% (19.2% vs 15.9% for LSS3 and 15.8% vs 14.0% for LSS4, respectively). The
major value for RMSE% could be attributable to the heterogeneous features of the population analyzed,
but they remain acceptable biometrically. In this field, Ting et al. had executed previously, a validation of
Eight LSSs, of which four obtained from lung transplant patients and four from HTx patients by a different
research group. The authors evidenced that, despite the LSSs were tested in Lung Transplant patients, they
performed well also in a cohort of HTx patients. Precision and bias were within the acceptable limit of 15%
18.

Despite the small number of patients, from this study it was evidenced that MPA AUC0-12h represent the
best PK parameter to predict the efficacy of MMF treatment, in terms of ACR. For the MPA AUC0-12h

parameter, a difference indicating a trend between the median of MPA AUC0-12h among R and NR patients
was emphasized. It was suggested that NR patients present MPA AUC0-12h leaning towards to the upper limit
of the therapeutic range in contrast with R patients that presented MPA AUC0-12h values leaning towards
the lower limit of the therapeutic range ((Table 3, Figure 2 (A)) These results were also replicated with
the AUC0-12h obtained with LSS3 and LSS4 ((Table 3, Figure 2 (B) (C) ). Analogously, De Nofrio et
al evidenced in a cohort of 38 HTx recipients, evaluating MPA AUC0-12h with an abbreviated sampling
schedule, a tendency of lower MPA AUC0-12h values in patients with Grade 2/3 (p < 0.08) or Grade 1
rejection (p< 0.05) 19. Moreover, Figurski et al. in a prospective study involving de-novo HTx recipients,
evidenced a correlation of the estimated MPA AUC0-12 with rejection very close to significance (p = 0.059),
suggesting a threshold of 36 mgxh/L to prevent rejection 20. Similarly, Woillard et al. found a correlation
between MPA AUC0-12 and rejection (p = 0.0122), proposing a threshold level of 50 mgxh/L21.

These data emphasizes the utility of LSSs for the estimation of the entire AUC0-12h in clinical practice. The
limits of this study could be represented by: 1) the limited number of patients; 2) the retrospective nature;
3) the heterogeneous features of patients enrolled. This is a relatively small initial study. The retrospective
nature of this study was selected and the principal aim was to verify the efficacy of two previously determined
LSSs in a selected cohort of patients treated only with MMF + CsA, in a non-controlled population of patients
treated at different time from the transplant with MMF combined with CsA or TAC, representing a common
clinical practice situation. TDM was not planned to be executed at the same time for all patients enrolled
but was executed by clinical decision. This can be a source of bias, because it is known that the exposition
of MPA AUC0-12h could vary extensively among time during MMF treatment, and also co-medications could
alter MPA exposure8 4, but the heterogeneous features of the patients enrolled could give us an exact picture
of what could happened generally in clinical practice during an MMF treatment after HTx.

In conclusion this study emphasizes the utility of the MPA TDM after HTx in clinical practice, to optimize
the efficacy of therapy in terms of ACR. Because of the dependence of the MPA AUC0-12h in the development
of rejection, the determination of MPA AUC0-12h by a LSS could represent an efficient assessment in clinical
practice to improve the safety and the quality of care of HTx recipients. In this study two LSSs were
validated in a heterogeneous cohort of HTx patients, and both resulted to predict accurately and precisely
MPA AUC0-12h. For practical reasons, we can state that the LSS3 can represent an efficient strategy for the
execution of MPA TDM, because it requires only 3 plasma timing points, and this can save time and cost.

We also emphasize a difference among MPA AUC0-12hbetween NR and R patients suggesting the importance
of MPA TDM after HTx. Nowadays the therapeutic ranges for MPA TDM were determined in large con-

6
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. trolled trials involving renal transplant patients. Future studies in this field are necessary to determine the
exact therapeutic ranges in this population, and to provide clinical tools for dosage adaptation to maximize
the efficacy of treatment while minimizing the risk of rejection.

At the end the extension of this study with a wide cohort of HTx recipients, and a pre-planned MPA TDM
execution, could be necessary to determine a new more precise and accurate LSSs for MPA quantification.
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Table 1: Demographical and clinical data of the patients enrolled in the study

CLINICAL DATA OF 35 PATIENTS ENROLLED IN THE STUDY

Mean SD Min Max
Age (years) 55.8 12.3 21.7 74.4
MMF Dose (mg/day) 1785.7 559.5 1000.0 3500.0
MMF Dose (mg/kg/day) 24.3 8.2 10.1 51.3
Post Transplantation time (years) 3.0 4.5 0.04 17.7
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. BMI (Kg/m2) 26.1 5.5 18.7 41.0
ALT (IU/L) 28.1 20.4 7.0 85.0
AST (IU/L) 23.9 17.4 8.0 86.0
Bilirubin (mg/dL) 1.0 0.7 0.2 2.9
CrCl (mL/min) 62.1 27.5 19.0 148.0
GFR (ml/min/1.73 m²) 59.8 24.5 14.0 113.0
MPA AUC0-12h (mg×h/L) 44.8 24.2 11.6 131.3
CsA Dose (mg/day) 179.6 80.0 41.1 335.2
CsA Dose (mg/kg/day) 2.4 1.2 0.5 5.3
TAC Dose (mg/day) 11.9 4.4 8.6 20.9
TAC Dose (mg/kg/day) 0.2 0.05 0.1 0.3
Male (%) 28 (80%) 28 (80%) 28 (80%) 28 (80%)
Female (%) 7(20%) 7(20%) 7(20%) 7(20%)
Number of patients reporting rejection (%) 15 (42.9%) 15 (42.9%) 15 (42.9%) 15 (42.9%)
Total Number of patients 35 35 35 35
AUC0-12h: Area under the plasma concentration-time curve from zero to 12h; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; BMI: Body Mass Index; CsA: Cyclosporine; CrCl: Creatinine Clearance; GFR: Glomerular Filtration Rate; MMF: Mycophenolate Mofetil; MPA: Mycophenolic Acid; TAC: Tacrolimus AUC0-12h: Area under the plasma concentration-time curve from zero to 12h; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; BMI: Body Mass Index; CsA: Cyclosporine; CrCl: Creatinine Clearance; GFR: Glomerular Filtration Rate; MMF: Mycophenolate Mofetil; MPA: Mycophenolic Acid; TAC: Tacrolimus AUC0-12h: Area under the plasma concentration-time curve from zero to 12h; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; BMI: Body Mass Index; CsA: Cyclosporine; CrCl: Creatinine Clearance; GFR: Glomerular Filtration Rate; MMF: Mycophenolate Mofetil; MPA: Mycophenolic Acid; TAC: Tacrolimus AUC0-12h: Area under the plasma concentration-time curve from zero to 12h; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; BMI: Body Mass Index; CsA: Cyclosporine; CrCl: Creatinine Clearance; GFR: Glomerular Filtration Rate; MMF: Mycophenolate Mofetil; MPA: Mycophenolic Acid; TAC: Tacrolimus AUC0-12h: Area under the plasma concentration-time curve from zero to 12h; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; BMI: Body Mass Index; CsA: Cyclosporine; CrCl: Creatinine Clearance; GFR: Glomerular Filtration Rate; MMF: Mycophenolate Mofetil; MPA: Mycophenolic Acid; TAC: Tacrolimus

Table 2: Demographical and clinical data of patients reporting rejection

DEMOGRAPHICAL DATA OF 15/35 PATIENTS REPORTING REJECTION

Mean SD Min Max
Time of
rejection
post-transplant
(months)

27.4 38.3 1.5 119.4

MMF Dose
(mg/day)

1600.0 430.9 1000.0 3500.0

Time of TDM
post-transplant
(years)

2.6 3.9 0.1 13.9

MPA AUC0-12

(mg×h/L)
35.4 14.5 14.8 63.9

Patients
reporting ACR
ISHLT 1R (%)

8 (53%) 8 (53%) 8 (53%) 8 (53%)

Patients
reporting ACR
ISHLT 2R (%)

6 (40%) 6 (40%) 6 (40%) 6 (40%)

Patients
reporting ACR
ISHLT 3R (%)

1(7 %) 1(7 %) 1(7 %) 1(7 %)

9
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. ACR: Acute
Cellular
Rejection;
AUC0-12h: Area
under the plasma
concentration-
time curve from
zero to 12h;
ISHLT:
International
Society for Heart
and Lung
Transplantation;
1R: Mild Grade;
2R: Moderate
Grade; 3R: Severe
Grade; MMF:
Mycophenolate
Mofetil; MPA:
Mycophenolyc
Acid; TDM:
Therapeutic Drug
Monitoring.

ACR: Acute
Cellular
Rejection;
AUC0-12h: Area
under the plasma
concentration-
time curve from
zero to 12h;
ISHLT:
International
Society for Heart
and Lung
Transplantation;
1R: Mild Grade;
2R: Moderate
Grade; 3R: Severe
Grade; MMF:
Mycophenolate
Mofetil; MPA:
Mycophenolyc
Acid; TDM:
Therapeutic Drug
Monitoring.

ACR: Acute
Cellular
Rejection;
AUC0-12h: Area
under the plasma
concentration-
time curve from
zero to 12h;
ISHLT:
International
Society for Heart
and Lung
Transplantation;
1R: Mild Grade;
2R: Moderate
Grade; 3R: Severe
Grade; MMF:
Mycophenolate
Mofetil; MPA:
Mycophenolyc
Acid; TDM:
Therapeutic Drug
Monitoring.

ACR: Acute
Cellular
Rejection;
AUC0-12h: Area
under the plasma
concentration-
time curve from
zero to 12h;
ISHLT:
International
Society for Heart
and Lung
Transplantation;
1R: Mild Grade;
2R: Moderate
Grade; 3R: Severe
Grade; MMF:
Mycophenolate
Mofetil; MPA:
Mycophenolyc
Acid; TDM:
Therapeutic Drug
Monitoring.

ACR: Acute
Cellular
Rejection;
AUC0-12h: Area
under the plasma
concentration-
time curve from
zero to 12h;
ISHLT:
International
Society for Heart
and Lung
Transplantation;
1R: Mild Grade;
2R: Moderate
Grade; 3R: Severe
Grade; MMF:
Mycophenolate
Mofetil; MPA:
Mycophenolyc
Acid; TDM:
Therapeutic Drug
Monitoring.

Table 3: Levels analysis in patients reporting rejection.

LEVELS ANALYSIS IN PATIENTS REPORTING REJECTION (MEDIAN)

Non-Rejected
Pts

Non-Rejected
Pts

Rejected Pts Rejected Pts Rejected Pts

Median IQR Median IQR P value*
MPA AUC

0-12h

(mg×h/L)

46.60 34.80 to 64.10 33.70 23.60 to 48.25 0.06

LSS3
(mg×h/L)

44.30 34.90 to 52.15 25.90 22.58 to 45.05 0.02

LSS4
(mg×h/L)

46.00 36.05 to 49.35 25.90 24.33 to 47.38 0.04

Number of
patients

20 20 15 15

10
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. AUC0-12h:
Area under
the plasma
concentration-
time curve
from zero to
12h; IQR:
Interquartile
Range; MPA:
Mycophenolic
Acid; LSS:
Limited
Sampling
Strategy;
LSS3: Limited
Sampling
Strategy based
on 3 plasma
concentration
time point; ;
LSS4: Limited
Sampling
Strategy based
on 4 plasma
concentration
time point;
*Mann-
Whitney
Test

AUC0-12h:
Area under
the plasma
concentration-
time curve
from zero to
12h; IQR:
Interquartile
Range; MPA:
Mycophenolic
Acid; LSS:
Limited
Sampling
Strategy;
LSS3: Limited
Sampling
Strategy based
on 3 plasma
concentration
time point; ;
LSS4: Limited
Sampling
Strategy based
on 4 plasma
concentration
time point;
*Mann-
Whitney
Test

AUC0-12h:
Area under
the plasma
concentration-
time curve
from zero to
12h; IQR:
Interquartile
Range; MPA:
Mycophenolic
Acid; LSS:
Limited
Sampling
Strategy;
LSS3: Limited
Sampling
Strategy based
on 3 plasma
concentration
time point; ;
LSS4: Limited
Sampling
Strategy based
on 4 plasma
concentration
time point;
*Mann-
Whitney
Test

AUC0-12h:
Area under
the plasma
concentration-
time curve
from zero to
12h; IQR:
Interquartile
Range; MPA:
Mycophenolic
Acid; LSS:
Limited
Sampling
Strategy;
LSS3: Limited
Sampling
Strategy based
on 3 plasma
concentration
time point; ;
LSS4: Limited
Sampling
Strategy based
on 4 plasma
concentration
time point;
*Mann-
Whitney
Test

AUC0-12h:
Area under
the plasma
concentration-
time curve
from zero to
12h; IQR:
Interquartile
Range; MPA:
Mycophenolic
Acid; LSS:
Limited
Sampling
Strategy;
LSS3: Limited
Sampling
Strategy based
on 3 plasma
concentration
time point; ;
LSS4: Limited
Sampling
Strategy based
on 4 plasma
concentration
time point;
*Mann-
Whitney
Test

AUC0-12h:
Area under
the plasma
concentration-
time curve
from zero to
12h; IQR:
Interquartile
Range; MPA:
Mycophenolic
Acid; LSS:
Limited
Sampling
Strategy;
LSS3: Limited
Sampling
Strategy based
on 3 plasma
concentration
time point; ;
LSS4: Limited
Sampling
Strategy based
on 4 plasma
concentration
time point;
*Mann-
Whitney
Test

FIGURE LEGENDS:

Figure 1: Linear regression scatter diagram, Bland Altman Plot of LSS3 and LSS4 respectively.

AUC0-12h: Area under the plasma concentration-time curve from zero to 12h; MPA: Mycophenolic Acid;
LSS: Limited Sampling Strategy; LSS3: Limited Sampling Strategy based on three plasma concentration
sampling point; LSS4: Limited Sampling Strategy based on four plasma concentration sampling point, r:
coefficient of determination,

Figure 2: Comparison of median entire MPA AUC0-12h (mg×h/L) and of those calculated with LSS3 and
LSS4 between non rejected patients and rejected patients and corresponding p -value of the Mann-Whitney
test. Median values of AUC0-12h with the corresponding 95% confidence intervals (bars). The interval between
the dotted lines represents the therapeutic range (30-60 mg×h/L). Dots represent the outliers.

AUC0-12h: Area under the plasma concentration-time curve from zero to 12h;MPA: Mycophenolic Acid, LSS:
Limited Sampling Strategy; LSS3: Limited Sampling Strategy based on three plasma concentration sampling
point; LSS4: Limited Sampling Strategy based on four plasma concentration sampling point.
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