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BACKGROUND



Disease Burden 

Lancet Glob Health 2024;12: e382–95https://www.organdonor.gov/

Reduced 
survival with 
time 

ORGAN 
SHORTAGE

Complication
 

ANZSN 2024:  1.1% of the total burden of disease 2024

Treatment options: Dialysis or Transplantation 

Chronic Kidney Disease affects 10% of the global population 



IMMUNOSUPPRESSION 
TREATMENT MONITORING 

Tacrolimus

 + 

Mycophenolate Mofetil (MMF)

+ 

Corticosteroids 



Study Study type /Patients /Co-Med

David-Neto E et al. Mycophenolic acid pharmacokinetics in stable 

pediatric renal transplantation. Pediatr Nephrol. 2003 PMID: 

12644921.

Prospective 

MPA-PK in 19 stable renal transplant children (11.7±1.9 

years) under long-term (46±31 months)

MMF+Cyclo+Pred 

Weber LT et al. 

Validation of an abbreviated pharmacokinetic profile for the 

estimation of mycophenolic acid exposure in pediatric renal 

transplant recipients. Ther Drug Monit. 2006 PMID: 17038876.

Open label longitudinal 

54 pediatric renal transplant recipients 

(MMF+ Cyclo+Pred) 

Filler G.. Transpl Int. 2004 PMID: 14749919. Retrospective

49 full ten-point pharmacokinetic (PK) profiles from 29 

pediatric patients

MMF +Tac +Pred 

Filler G, et al. Universal approach to pharmacokinetic monitoring of 

immunosuppressive agents in children. Pediatr Transplant. 2002 

PMID: 12390429.

Retrospective

122 stable pediatric patients, receiving either CsA (165 

PK profiles, 69 patients, 24 with concomitant MMF) or 

Tac (122 PK profiles, 53 patients, 18 with MMF); The 

mean age of patients was 15.0 ± 4.0 yr 

Filler G et al. Limited sampling strategy for mycophenolic acid area 

under the curve. Ther Drug Monit. 2000 PMID: 10774628.

Retrospective 

114 full 10-point PK profiles from 61 pediatric patients 

receiving MMF. 24 cyclosporin / 18 Tacrolimus 

15.0 ± 4.0 years

Weber LT et al. Therapeutic drug monitoring of total and free 

mycophenolic acid (MPA) and limited sampling strategy for 

determination of MPA-AUC in paediatric renal transplant 

recipients. Nephrol Dial Transplant. 1999;PMID: 10463209.

17 children 

Initial (1 and 3 weeks) and stable (3 and 6 months) 

phase after renal trans- plantation 

Cyclosporin +MMF

Schütz E et al. Limited sampling strategy for the determination of 

mycophenolic acid area under the curve in pediatric kidney 

recipients. German Study Group on MMF Therapy in Pediatric 

Renal Transplant Recipients. Transplant Proc. 1998 PMID: 9636478.

Multicentre open label study 

62 MPA AUC0–12h were determined in 36 children aged 

between 5 and 17 years of age.

MMF + Cyclo + Pred

RELATE: Relationship of limited sampling strategy and adverse 

effects of mycophenolate mofetil in pediatric renal transplant 

patients

Iona Berger et al 2018

33 Pediatric 

Trough concentration 

STUDIES 

MPA Monitoring 
Standard  
Practice?

NO 

Paucity of MPA 
Exposure Data on 
tacrolimus-based 
regime 



TUG OF WAR 

TDM VERSUS FIXED DOSING

 
TDM METHODS 

 
Therapeutic Drug Monitoring (TDM) 
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MMF Pharmacokinetics 



Trough levels & Area under curve (AUC) 



METHODS OF AUC ESTIMATION 

Non-compartmental
Statistical Based 

equation

Multiple timed 

concentrations 

Limited sample, 

Population specific

Trapezoidal 

Method

Multilinear 

Regression 

High accuracy Low accuracy High accuracy, LSS, A 

valid software license

Compatible hardware and 

software environment

Bayesian Method

Model-based

Sparse data (few samples) + 

prior population model, 
Prémaud A, et al J]Maximum a 

posteriori bayesian estimation 

DOI: 

10.1097/01.ftd.0000162231.

90811.38.

•Abd Rahman et al. 

PMID: 24327238

• DOI: 10.1007/s40262-013-

0124-zGold standard method : 12hr TRAP AUC 

https://doi.org/10.1007/s40262-013-0124-z
https://doi.org/10.1007/s40262-013-0124-z
https://doi.org/10.1007/s40262-013-0124-z
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https://doi.org/10.1007/s40262-013-0124-z
https://doi.org/10.1007/s40262-013-0124-z


PRACTICAL SOLUTION FOR TRANSPLANT CLINICS & 
PATIENTS



AIMS 

Primary: 
To evaluate the predictive performance of the limited sample 
trapezoid method for MPA AUC, 4-point in 4 hr or 6-point in 4hr - in 
predicting accuracy of trapezoid method with the Bayesian 
estimation method 

Secondary: 
This study also aims to assess long-term MPA exposure and its 
relationship with dosages, drug formulations and normalized dosing
 



METHOD  



Single center, RCH 

Agreement between 
RCH & Monash 

Retrospective Data 
Collection
 



Trapezoid AUC 

AUC=1/2(C0+C1)*(T1-T0)

Bayesian 
Estimation: 

Sheet Prepared -

→NONMEM format-

→France 

Forecasting 
MethodsTarget Exposure 

Analysis 

Age 
Formulations
Duration Statistics 

Descriptive 
Regression Analysis



Predictive Accuracy & Bias Methods

• Median Absolute Prediction Error (MAPE) :

   𝟏𝟎𝟎% × ൗ𝒂𝒃𝒔 𝑨𝑼𝑪𝑴𝒆𝒕𝒉𝒐𝒅𝟏,𝒊−𝑨𝑼𝑪𝑴𝒆𝒕𝒉𝒐𝒅𝟐,𝒊
𝑨𝑼𝑪𝑴𝒆𝒕𝒉𝒐𝒅𝟐,𝒊

 

• Median percentage prediction error (MPPE)  (<10%)    
𝟏𝟎𝟎% × ൗ𝑨𝑼𝑪𝑴𝒆𝒕𝒉𝒐𝒅𝟏,𝒊−𝑨𝑼𝑪𝑴𝒆𝒕𝒉𝒐𝒅𝟐,𝒊

𝑨𝑼𝑪𝑴𝒆𝒕𝒉𝒐𝒅𝟐,𝒊
 

• Bland Altman Plot (Agreement)

• Root Mean Square Error  (<20%)

MAPE Range (%) Interpretation Acceptability

≤ 10% Highly accurate forecast Excellent

10% – 20% Good forecast Acceptable

20% – 50% Reasonable forecast Moderately acceptable

> 50% Inaccurate forecast Unacceptable

Guidelines proposed by Sheiner and Beal and Ting et al. 



RESULTS 



Gender

Structural 
Abnormalities 

Genetic

Glomerulonephritis 

Ischemic 
Nephropathy …

CKD Causes

73 Children Included 
Median Age at transplant 9.5 (1.8-18.2) years

DEMOGRAPHICS 

Patient Alive Status LFU: 100%
Follow up Duration (median): 4.5 years 



Primary Aims 

196 AUCs (1176 Concentrations)

6-point,4-point -Trapezoid & Bayesian estimation AUC



4-point Trapezoid versus Bayesian AUC  

MAPE: 38.24 
(<20%), 
MPPE:  30.54 
(<10%),    
RMSE:  25.85 (<20%) 

BLAND-ALTMAN PLOT REGRESSION PLOTFORECASTING MEASURES 



MAPE : 10.09 
(<20%)  
MPPE:  0.33  
(<10%) 
RMSE:  17.56 
(<20%)    

6-Point Trapezoid Vs Bayesian AUC 

BLAND-ALTMAN PLOT REGRESSION PLOTFORECASTING MEASURES 



•6-point LSS trapezoid vs. Bayesian → good predictive 
performance

•4-point LSS vs Bayesian  → not effective



Secondary Aim:

Exposure Analysis 



Bayesian

AUC 

mg.h/L

Trapezoid 

AUC  

mg.h/L

MMF Dose 

BSA 

(mg/m2)

Median 37.08 38.16 634.07

Max 219.21
100.4

1189.11

Min 8.28 7.4 254.46

Overall MPA Exposure

No Difference in 
Exposure:

➢ Age less than 5 or 
more years: ()

➢ Syrup and Tablet 
formulations ()



AUC (mg.h/L) vs Dose (BSA) mg/m2

MPA AUC Exposure & Dose



Normalized Dosing  (mg.h/L*mg/m2) vs Duration (months)  

Normalised Dosing & Duration 



Median 

Months

Median

AUC Exposure 

Median 

Tac Trough  
Median Dose BSA  (mg/m2)

<1 36.03 8.70 769.21

1-3 30.81 8.85 784.59

3-12 37.26 6.35 699.21

12-24 27.93 6.20 597.63

>24 37.30 6.00 554.85

MPA Exposure and Dosages



Trough (ug/mL) vs AUC (mg.h/L) 

MPA AUC versus Trough Monitoring



•CONCLUSION & RECOMMENDATIONS 



➢ 6-point LSS trapezoid method shows good predictive performance vs. 
Bayesian estimation
Recommend exploring accuracy and then implementation in clinics 

➢Variation in exposure observed with dosage, duration, post-kidney 
transplantation and continuous long-term MPA monitoring is 
suggested

➢ Syrup and Tablet MMF interchangeable  

➢ Trough level is not an adequate substitute for AUC monitoring of MPA
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THANK YOU 

Small steps make Big 
changes.
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